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8. Engine/Propulsion
8.1. 12V Starting and Charging System

8.1.1.Description and Operation

8.1.1.1 Battery Description and Operation

Warning:
Batteries produce explosive gases, contain corrosive acidsaply levels of electrical current hig
enough to cause burns. Therefore, to reduce the risk of personal injury when working n
battery:
1  Always shield your eyes and avoid leaning over the battery whenever possible.
1 Do not expose the battery to operafhes or sparks.
1 Do not allow the battery electrolyte to contact the eyes or the skin. Flush immediately
thoroughly any contacted areas with water and get medical help.
1  Follow each step of the jump starting procedure in order.
1  Treat both the booster anthe discharged batteries carefully when using the jumper
cables.

Batteries that are no longer wanted must be disposed of by an approved battery recycler and must never be thrown in the
trash or sent to a landfill.

Batteries that are not part of the ¥icle itself, not the battery under the hood, must only be transported on public streets for
business purposes via approved hazardous material transportation procedures.

Battery storage, charging and testing facilities in repair shops must meet varigusrements for ventilation, safety
equipment, material segregation, etc.

The maintenance free battery is standard. There are no vent plugs in the cover. The battery is completely sealed except for 2
small vent holes in the side. These vent holes allowsthall amount of gas that is produced in the battery to escape.

The battery has 3 functions as a major source of energy:
1 Engine cranking
1 Voltage stabilizer
1  Alternate source of energy with generator overload

8.1.1.1.1. Battery Low Start Vehicle Message

The bodycontrol module (BCM) monitors battery positive voltage to determine battery state of charge. If one or
more of the BCM battery positive voltage terminals measure less than approximately 11.6V compared to the BCM
ground circuits, this message will displaydeour chimes may sound. Start the vehicle immediately. If the vehicle is
not started and the battery continues to discharge, the climate controls, heated seats, and audio systems will shut off
and the vehicle may require a jump start. These systemdunittion again after the vehicle is started.

8.1.1.1.2. Battery Ratings

A battery has 2 ratings:
1 Cold cranking amperage
1 Amperage hours
When a battery is replaced use a battery with similar ratings. See battery specification label on the original battery.
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8.1.1.1.3. AmperageHours

The amperage hour rating tells you how much amperage is available when discharged evenly over a 20 hour period.
The amperage hour rating is cumulative, so in order to know how many constant amperage the battery will output for
20 h, you have to divelthe amperage hour rating by 20. Example: If a battery has an amperage hour rating of 74,
dividing by 20 = 3.75. Such a battery can carry a 3.75 A load for 20 hours before dropping to 10.5 V. (10.5 V is the fully
discharged level, at which point the batyeneeds to be recharged.) A battery with an amperage hour rating of 55 will
carry a 2.75 A load for 20 hours before dropping to 10.5 V.

8.1.1.1.4. Cold Cranking Amperage

The cold cranking amperage is an indication of the ability of the battery to crank the engiokel &emperatures. The
O2f R ONIY1AY3 |YLSNFrIS NIXrGAy3a A& GKS YAYAYdzY | YLISNF 3IS
while maintaining at least 7.2 V. See battery label for the cold cranking amperage rating of this battery.

8.1.1.2.ChargingSystem Description and Operation
8.1.1.2.1. Electrical Power Management Overview

The electrical power management system is designed to monitor and control the charging system and send diagnostic
messages to alert the driver of possible problems with the battery awkitor. This electrical power management system
primarily utilizes existing onboard computer capability to maximize the effectiveness of the generator, to manage the load,
improve battery stateof-charge and life, and minimize the system's impact onésehomy. The electrical power management
system performs 3 functions:

1 It monitors the battery voltage and estimates the battery condition.

1 It takes corrective actions by boosting idle speeds, and adjusting the regulated voltage.

1 It performs diagnostics ahdriver notification.

The battery condition is estimated during ignitioff and during ignitioron. During ignitioroff the stateof-charge of the
battery is determined by measuring the opeircuit voltage. The statef-charge is a function of the aciwbncentration

and the internal resistance of the battery, and is estimated by reading the battery open circuit voltage when the battery
has been at rest for several hours.

The stateof-charge can be used as a diagnostic tool to tell the customer or #aded the condition of the battery.
Throughout

Ignition-on, the algorithm continuously estimates stadé-charge based on adjusted net amp hours, battery capacity,
initial stateof-charge, and temperature.

While running, the battery degree of dischargeisnarily determined by a battery current sensor, which is integrated to
obtain net amp hours.

In addition, the electrical power management function is designed to perform regulated voltage control to improve
battery stateof-charge, battery life, and &l economy. This is accomplished by using knowledge of the battery-cftate
charge and temperature to set the charging voltage to an optimum battery voltage level for recharging without detriment
to battery life.

The Charging System Description and Openats divided into 3 sections. The first section describes the charging system
components and their integration into the electrical power management. The second section describes charging system
operation. The third section describes the instrument pasiester operation of the charge indicator, driver information center
messages, and voltmeter operation.
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8.1.1.2.2. Charging System Components

Generator

The generator is a serviceable component. If there is a diagnosed failure of the generator it must be repkted as
assembly. The engine drive belt drives the generator. When the rotor is spun it induces an alternating current (AC)
into the stator windings. The AC voltage is then sent through a series of diodes for rectification. The rectified voltage
has been conwged into a direct current (DC) for use by the vehicles electrical system to maintain electrical loads and
the battery charge. The voltage regulator integral to the generator controls the output of the generator. It is not
serviceable. The voltage regulatoontrols the amount of current provided to the rotor. If the generator has field
control circuit failure, the generator defaults to an output voltage of 13.8 V.

Body Control Module (BCM)

The body control module (BCM) is a LAN device. It communigateshe engine control module (ECM) and the
instrument panel cluster for electrical power management (electrical power management) operation. The BCM
determines the output of the generator and sends the information to the ECM for control of the genéuatoon

signal circuit. It monitors the generator field duty cycle signal circuit information sent from the ECM for control of the
generator. It monitors a battery current sensor, the battery positive voltage circuit, and estimated battery
temperature to étermine battery state of charge. The BCM performs idle boost.

Battery Current Sensor

The battery current sensor is a serviceable component that is connected to the negative battery cable at the battery.
The battery current sensor is avéire halleffect current sensor. The battery current sensor monitors the battery
current. It directly inputs to the BCM. It creates a 5 volt pulse width modulation (PWM) signal of 128 Hz with a duty
cycle of @100 percent. Normal duty cycle is betweegB5 percent. Betweel®¢5 percent and 96100 percent are for
diagnostic purposes.

Engine Control Module (ECM)

When the engine is running, the generator tewn signal is sent to the generator from the ECM, turning on the
regulator. The generator's voltage regulator controlsrent to the rotor, thereby controlling the output voltage. The

rotor current is proportional to the electrical pulse width supplied by the regulator. When the engine is started, the
regulator senses generator rotation by detecting AC voltage at thterstlarough an internal wire. Once the engine is
running, the regulator varies the field current by controlling the pulse width. This regulates the generator output
voltage for proper battery charging and electrical system operation. The generator figldetminal is connected
internally to the voltage regulator and externally to the ECM. When the voltage regulator detects a charging system
problem, it grounds this circuit to signal the ECM that a problem exists. The ECM monitors the generator field duty
cycle signal circuit, and receives control decisions based on information from the BCM.

Instrument Panel Cluster
The instrument panel cluster provides the customer notification in case a concern with the charging system through a
charge indicator

8.1.1.2.3. Chargng System Operation

The purpose of the charging system is to maintain the battery charge and vehicle loads. There are 6 modes of operation and

they include:
1 Battery Sulfation Mode
1 Charge Mode
1 Fuel Economy Mode
1 Head lamp Mode
1 Start Up Mode
1 Voltage Reductio Mode

The engine control module (ECM) controls the generator through the generator turn ON signal circuit. The ECM monitors the
generator performance though the generator field duty cycle signals circuit. The signal is a pulse width modulation (PWM)
signd of 128 Hz with a duty cycle o€000 percent. Normal duty cycle is betweegf5 percent. Betweendb percent and 98§

100 percent are for diagnostic purposes. The following table shows the commanded duty cycle and output voltage of the
generator:
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Commanded Duty Cycle Generator Output Voltage

10% 11V

20% 11.56 V
30% 1212V
40% 12.68V
50% 13.25V
60% 13.81V
70% 14.37V
80% 14,94V
90% 155V

The generator provides a feedback signal of the generator voltage output through the gerfezltatuty cycle signal circuit to

the

ECM. This information is sent to the body control module (BCM). The signal is PWM signal of 128 Hz with a dutyt@6le of 0

percent. Normal duty cycle is betweeq®® percent. Betweendb percent and 100 percent afer diagnostic purposes.

8.1.1.2.4. Battery Sulfation Mode

The BCM will enter this mode when the interpreted generator output voltage is less than 13.2 V for 45 minutes.

When this condition exists the BCM will enter Charge Mode & rdinutes. The BCM will then @emine which
mode to enter depending on voltagequirements.

8.1.1.2.5. Charge Mode

The BCM will enter Charge Mode whenever one of the following conditions is met.
1  The wipers are ON for more than 3 seconds.
1 LAN (Climate Control Voltage Boost Mode Request) isasisensed by the HVAC control head. High speed cooling

fan, rear defogger and HVAC high speed blower operation can cause the BCM to enter the Charge Mode.
The estimated battery temperature is less than 0°C (32°F).
Battery State of Charge is less than &dgent.

Vehicle speed is greater than 145 km/h (90 mph)

Current sensor fault exists.
System voltage was determined to be below 12.56 V

= =4 =4 =8 =4

When any one of these conditions is met, the system will set targeted generator output voltage to a charging voltage betw
13.%; 15.5 V, depending on the battery state of charge and estimated battery temperature.

8.1.1.2.6. Fuel Economy Mode

VANDERHALL

The BCM will enter Fuel Economy Mode when the estimated battery temperature is at least 0°C (32°F) but less than
or equal to 80°C (176°F), tiel £ Odzf F 6 SR o6 GG SNE OdzaNNByid A a

battery stateof-charge is greater than or equal to 80 percent. Its targeted generator output voltage is the open circuit

fSaa

Ky

voltage of the battery and can be between 1218.1 V. The BCM will exit this mode and enter Charge Mode when
any of the conditions described above are present.

8.1.1.2.7. Head lamp Mode

M p

The BCM will enter Head lamp Mode whenever the head lamps are ON (high or low beams). Voltage will be regulated
between 13.¢ 14.5 V.

8.1.1.2.8. Start Up Mode

When the engine is started the BCM sets a targeted generator output voltage of 14.5 V for 30 seconds.
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8.1.1.2.9. Instrument Panel Cluster Operation

Charge Indicator Operation
The instrument panel cluster illuminates the charge indicator disglays a warning message in the driver information center if
equipped, when the one or more of the following occurs:

il

il

The engine control module (ECM) detects that the generator output is less than 11 V or greater than 16 V. The
instrument panel cluster eives a GMLAN message from the ECM requesting illumination.

The instrument panel cluster determines that the system voltage is less than 11 V or greater than 16 V for more than
30 seconds. The instrument panel cluster receives a GMLAN message from yreohtrdl module (BCM) indicating

there is a system voltage range concern.

The instrument panel cluster performs the displays test at the start of each ignition cycle. The indicator illuminates for
approximately 3 seconds.

8.1.1.3 Electrical Power Managemerbdescription and Operation

Table 1: Idle Boost and Load Shed With Current Sensor
Table 2: Idle Boost and Load Shed Without Current Sensor (based on battery voltage)

8.1.1.3.1. Electrical Power Management

The electrical power management is used to monitor and contIcharging system and alert the driver of possible
problems within the charging system. The electrical power management system makes the most efficient use of the
generator output, improves the battery statgf-charge, extends battery life, and managgstem electrical loads.

The load shed operation is a means of reducing electrical loads during a low voltage or low battenf-stetege
condition.

The idle boost operation is a means of improving generator performance during a low voltage or lery Btateof-
charge condition.

Each electrical power management function, either idle boost or load shed, is activated in incremental steps. For
example, idle boost 1 must be active before idle boost 2 can be active.

Idle Boost and Load Shed With Curte®ensor

Function Battery Temperature Battery Voltage Amp-Hour Action Taken
Calculation Calculation Calculation
Idle Boost 1 Start [ Sa4a ¢KIy Less Than 13V - First level Idle boost
requested
Battery has a net loss| First level Idle boost
ldle Boost 1 Start i i greater than 0.6 Ah requested
Idle Boost 1 Start - Less Than 11V - First level Idle boost
requested

Idle Boost 1 End

DNBI G§SNJ ¢F
(14°F)

Greater Than 12V

Battery has a net loss
less than 0.2 Ah

First level Idle boost
requeg cancelled

Idle Boost 2 Start

Battery has a net loss
greater than 1.6 Ah

Second level Idle boog
requested

Idle Boost 2 Start

Less Than 11V

Second level Idle boos
requested

Idle Boost 2 End

Greater Than 12V

Battery has a net loss
less than 0.&\h

Second level Idle boos
request cancelled

Load Shed 1 Start

Battery has a net loss
of 4 Ah

Heated Seats,
HVAC cycled OFF fo
20% of their cycle

Load Shed 1 Start

Less Than 11V

Heated Seats,
HVAC cycled OFF fo
20% of their cycle
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Load Shed 1 End

Greater Than 12 V

Battery has a net loss
of less than 2 Ah

Clear Load Shed 1

Idle Boost 3 Start

Battery has a net loss
of 10 Ah

Third level Idle boost
requested

Idle Boost 3 Start

Less Than 11V

Third level Idle boost
requested

Idle Boost 3 End

Greater Than 12 V

Battery has a net loss
of less than 6.0 Ah

Third level Idle boost
request cancelled

Load Shed 2 Start

Battery has a net loss
greater than 12 Ah

Heated Seats,
HVAC cycled OFF fo
50% of their cycle.

Load Shed 2 Start

Less Than 11V

Heated Seats,
HVAC cycled OFF fo
50% of their cycle.

Load Shed 2 End

Greater Than 12V

Battery has a net loss
of less than 8 Ah

Clear Load Shed 2

Load Shed 3 Start

Less Than 11.9V

Battery has a net loss
greater than 20 Ah

Heated Seats,
HVAC cycle®FF for
100% of their cycle.

Load Shed 3 Start

Less Than 11V

Heated Seats,
HVAC cycled OFF fo
100% of their cycle.

Load Shed 3 End

Greater Than 12.6 V

Battery has a net loss
of less than 13 Ah

Clear Load Shed 3
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Idle Boost and Load Shed Witho@urrent Sensor (based on battery voltage)
Function Battery Temperature Battery Voltage Action Taken
Calculation
Idle Boost 1 Start [ Saa ¢KIYy b Less Than 13V First level ldle boost
requested
Idle Boost 1 Start - Less Than 12.6 V First leveldle boost
requested
Idle Boost 1 End DNBF G SNJ ¢ KE y ) First level Idle boost request
cancelled
Idle Boost 1 End - Greater Than 13V First level Idle boost reques
cancelled
Idle Boost 2 Start - Less Than 12.4 V Second level Idle boost
requested
Idle Boost 2 End - Greater Than 12.5V Second level Idle boost
request cancelled
Heated Seats, HVAC cycle
Load Shed 1 Start - Less Than 12.3V OFF for 20% of their cycle
Load Shed 1 End - Greater Than 12.4 V Clear Load Shed 1
Idle Boost Start - Less Than 10 V Third level Idle boost
requested
Idle Boost 3 End - Greater Than 12.3 V Third level Idle boost reques
cancelled
Heated Seats, HVAC cycle
OFF for 50% of their cycle.
Load Shed 2 Start - Less Than 12.1 V The BATTERY SAVER ACT
message will be displayed o
the DIC
Load Shed 2 End - Greater Than 12.2 V Clear Load Shed 2
Heated Seats, HVAC cycle
OFF for 100% of their cycle
Load Shed 3 Start - Less Than 11.9 V The BATTERY SAVER ACT
message will be displayed o
the DIC
LoadShed 3 End - Greater Than 12.0 V Clear Load Shed 3
7
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8.1.1.4.Starting System Description and Operation

The starter motor is nomepairable. it has pole pieces that are arranged around the armature. Both solenoid windings are
energized. The pulh windingcircuit is completed to the ground through the starter motor. The windings work together
magnetically to pull and hold in the plunger. The plunger moves the shift lever. This action causes the starter drivey &a@sembl
rotate on the armature shaft splinesait engages with the flywheel ring gear on the engine. Moving at the same time, the
plunger also closes the solenoid switch contacts in the starter solenoid. Full battery voltage is applied directly tatéhe sta
motor and it cranks the engine.

As soonas the solenoid switch contacts close, current stops flowing thorough thdmpulinding because battery voltage is
applied to both ends of the windings. The hatdwinding remains energized. Its magnetic field is strong enough to hold the
plunger, shiftlever, starter drive assembly, and solenoid switch contacts in place to continue cranking the engine. When the
engine starts, pinion overrun protects the armature from excessive speed until the switch is opened.

When the ignition switch is released fratime START position, the START relay opens and battery voltage is removed from the
starter solenoid S terminal. Current flows from the motor contacts through both windings to the ground at the end of the hold
in winding. However, the direction of the curreflow through the pulin winding is now opposite the direction of the current

flow when the winding was first energized.

The magnetic fields of the ptih and holdin windings now oppose one another. This action of the windings, along with the
help of the return spring, causes the starter drive assembly to disengage and the solenoid switch contacts to open
simultaneously. As soon as the contacts open, the starter circuit is turned off.

8.1.1.4.1. Circuit Description (Key Start)

When the ignition switch is placed the Start position, a discrete signal is supplied to the body control module (BCM)
notifying it that the ignition is in the Start position. The BCM then sends a message to the engine control module
(ECM) notifying it that CRANK has been requested. Thé \Eerifies that the transmission is in Park or Neutral. If it is,

the ECM then supplies 12 V to the control circuit of the crank relay. When this occurs, battery positive voltage is
supplied through the switch side of the crank relay to the S termintleo$tarter solenoid.
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8.1.2.Diagnostic Information and Procedures

8.1.2.1.Symptoms Engine Electrical

Note:
The following steps must be completed before using the symptom tables.

PerformDiagnostic System Check Vehlwéfore using the Symptom Tables in ordewvaify that all of the following are true:

¢ There are no DTCs set.

¢ The control modules can communicate via the serial data link.
Review the system descriptions and operations in order to familiarize yourself with the system functions. Refer tohene of t
following system operations:

¢ Battery Description and Operation

¢ Charging System Description and Operation

¢ Electrical Power Management Description and Operation

¢ Starting System Description and Operation

Visual/Physical Inspection
1 Inspect for aftemarket devices which could affect the operation of the starting and charging systems. Refer to
Checking Aftermarket Accessories.
1 Inspect the easily accessible or visible system components for obvious damage or conditions which could cause the
symptom.

Intermittent
Faulty electrical connections or wiring may be the cause of intermittent conditions. Referstong for Intermittent
Conditions and Poor Connections.

Symptom List
Refer to a symptom diagnostic procedure from the following list in ordelidgnose the symptom:
Battery Inspection/Test
Battery Electrical Drain/Parasitic Load Test
Charging System Test
Generator Noise Diagnosis
Starter Solenoid Does Not Click
Starter Solenoid Clicks, Engine Does Not Crank
Engine Cranks Slowly
Starter Noise Dgnosis

= =8 =8 -8 -8 -8 a9
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8.1.2.1.1. Battery Inspection/Test
o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$os an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of ehaliagnostic category.

8.1.2.1.2. Diagnostic Aids

Note:

For Warranty repairs
You must use regionally required battery test equipment for warranty repairs. For accuratg
results the battery must be disconnected from the vehicle and the equipment connédatectly to
iKS oFGGSNE Lkalad 2KSy aSaiday3a dzd G4KS S§j
battery type (Flooded, AGM or Stop/Start AGM) and rated CCA (both from the battery label
be entered.
1 Failure to obtain the correct connectiodsiring the test may result in a failed test on a
good battery.
1  Use the Out of Vehicle test (battery disconnected with test equipment connected dire
to the posts) for each battery when testing a vehicle with dual batteries.

8.1.2.1.3. Reference Information

Schenatic Reference
Starting and Charging Schematics

Connector End View Reference
Component Connector End Views

Description and Operation
Starting System Description and Operation

Electrical Information Reference
T Circuit Testing
1 Connector Repairs
1  Testingfor Intermittent Conditions and Poor Connections
1  Wiring Repairs

Scan Tool Reference
Control Module Referencder scan tool information

Special Tools
EL 50313 Battery Tester

10
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Warning:

Unless directed otherwise, the ignition must be OFF with the key removed, and all electrical
must be OFF before servicing any electrical component. Disconnect the negative battery c
prevent an electrical spark should a tool or equipment comeadntact with an exposed electric
terminal. Failure to follow these precautions may result in personal injury and/or damage t
vehicle or its components.

VANDERHALL

1. Verify the C1 Battery or C1B Battenpuxiliary (if equipped) case is not cracked, broker damaged, which may
be indicated by battery acid leakage.

t

If there is any apparent damage
Replace the C1 Battery or C1B BatieAuxiliary.

p If there is no damage
2. Verify that the battery cables are clean and tight. The battery terminal botisldtbe torqued as specified in
Fastener Specifications.

t

P
3.
4.
p
6.
7.
8.

If the battery cables need to be cleaned or tightened
Clean as required and tighten as specified.

If the battery cables are clean and tight

Disconnect battery from the vehicle. There is nocheeremove the battery from the vehicle.
Connect the ER0313 directly to the battery terminal posts.

® {StSOG a/KFENBAYy3IZE a5AF3IAy2aiA0¢ YR ahdz
Select the proper battery type, Flooded, AGM

Enter the CCA asiown on the battery label.

Verify the test result is not REPLACE BATTERY or BAD CELLREPLACE

Note:

Always write the test code displayed by the tester on the repair order for any warranty purp
The number is a unique ode that describes the test data for a particular battery at a particulal
The test code may occasionally repeat when you retestdame battery. More often, each test w
result in a different code. Use the test code from the Out of Vehicle test.

t

If the test result is REPLACE BATTERY or BAD CELLREPLACE
Replace the C1 Battery or C1B BateAuxiliary.

p If the test result isnot REPLACE BATTERY or BAD CELLREPLACE

9.

All OK.

8.1.2.1.5. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.
Battery Replacement
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8.1.2.2 Battery Charging
8.1.2.2.1. Special Tools
EL 50313 Battery Tester
8.1.2.2.2. Diagnostic Aids
1  The charging areshould be well ventilated.

1 Do not charge a battery that appears to be frozen. Allow the battery to warm to room temperature and test it using
the EL-50313 before charging.

1 An AGM battery may be damaged if charged to more than 14.5 V.
1 A Flooded Cell battgrmay be damaged if charged to more than 16.5 V.

8.1.2.2.3. Battery State of Charge

Note:
Using voltage to determine the batteries state of charge is only accurate after the battery has
at rest for 24 hours. This is enough time for the acid in each cell taliegulf the battery has bee
charged or discharged in the past 24 hours, the battery state of charge will only be an estimat

The maintenancdree batteries state of charge is estimated by reading the voltage of the battery across the hattaiyals.
Because the voltage is affected by current flow into or out of the battery, the engine must be stopped and all electitcal loa
turned OFF, including parasitic loads, when checking the voltage. The voltage can also be affected if the bgtisnpbéeas
charged or discharged, so it is important to consider what has happened to the battery in the time just before testifg Use t
following procedure to determine the battery's state of charge:

1. Be sure all electrical loads are turned OFF.
2. Determine whether the battery has been used in a vehicle or charged within the past 12 hours.
1 Ifthe answer is no, the terminal voltage will be stabilized and no action is necessary before reading the voltage. Skip
to step 3.
1 If the answer is yes, terminal voltagvill not be stabilized and you should wait 12 hours since the last time the
battery was used.
3. Estimate the battery temperature by determining the average temperature to which the battery has been exposed for the
past 12 hours.

Note:
The table is accuta to 10 % only after the battery has been at rest for 12 hours.

4. Measure the battery voltage at the battery terminals. Refer to the following table to determine the state of charge
according to the estimated battery temperature:

Battery Voltage % Chargat 0°C (32°F) % Charge at 25°C (75°F)
12.75V 100% 100%
12.7V 100% 90%
126V 90% 75%
1245V 75% 65%
122V 65% 45%
12.0V 40% 20%
12
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Use the state of charge information as follows:
1 A battery with a state of charge that is below 65% must alvi@ysecharged before returning it to service or
continuing storage.
1 A battery with a state of charge that is 65% or greater is generally considered to be charged enough in order to be
returned to normal service or in order to continue storage. Howevehgfttattery is being used in slow traffic or with
short drive times, or if the temperature is very hot or very cold, the battery should be fully charged, to at least 90%,
before returning it to service or continuing storage.

8.1.2.2.4. Charging Time Required

The timerequired to charge a battery will vary depending upon the following factors:
1 The battery charger capacityThe higher the charger amperage, the less time it will take to charge the battery.

1 The state of charge of the batteryA completely discharged battgrequires more than twice as much charging time
as a half charged battery. In a discharged battery with a voltage below 11 V, the battery has a very high internal
resistance and may only accept a very low current at first. Later, as the charging causes ¢he acid content to
increase in the electrolyte, the charging current will increase. Extremely discharged batteries may not activate the
reversed voltage protection in some chargers. Refer to the manufacturer's instructions for operating thisycircuit

1 The temperature of the batteny The colder the battery is, the more time it takes to recharge the battery. The
charging current accepted by a cold battery is very low at first. As the battery warms, the charging current will
increase.

8.1.2.2.5. ChargingProcedure

Caution
Turn OFF the ignition when connecting or disconnecting the battery cables, the battery cha
the jumper cables. Failure to do so may damage the ECM/PCM or other electronic componen

Caution

Refer toFastener Caution.

1. Ensee that all of the battery terminal connections are clean and tight.
2. Connect the charger positive lead to the battery positive terminal on the battery or the remote jumper stud underhood.

Caution
Do not connect the negative charger lead to the housin§ other vehicle electrical accessories
equipment. The action of the battery charger may damage such equipment.

3. Connect the negative charger lead to a solid engine ground or to a ground stud in the engine compartment that is connected
directly to the battery negative terminal, but away from the battery. If the negative battery cable is disconnected and a
terminal adapter is being used, connect directly to the adapter.

nd {StSOG ¢/ KINHAYy3IZ¢ at5L¢ yR aLy SKAOfS¢ ¢gKSy aSididay3
5. Setct the proper battery type, Flooded, AGM, Spiral AGM

6. Enter the CCA as shown on the battery label.
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8.1.2.3 Battery Electrical Drain/Parasitic Load Test
8.1.2.3.1. 12 V Battery
The following procedure is for the 12 V battery only.
8.1.2.3.2. Diagnostic Instructions

o Perform the Dignostic System Check Vehipkéor to using this diagnostic procedure.
o0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.1.2.3.3. Circuit/System Descriptin

Components most likely to cause a parasitic draw on the vehicles battery are switches, relays, and control modules.
After the ignition is turned OFF the control modules will begin to go to sleep shut OFF. All control modules do not go
to sleep at the sae time, some may take up to 30 min or longer after turning the ignition off before going to sleep.
Other modules may periodically wake up then go back to sleep. These are all normal conditions.

8.1.2.3.4. Diagnostic Aids

1 Rule out any possible aftermarket equipmeratusing an unacceptable parasitic current drain. Aftermarket
accessories installed into the courtesy lamp circuit can cause the inadvertent power timer in the body control module
(BCM) to keep resetting. This may cause the BCM to remain awake and camssntdrain on the battery.

1  Rule out customer driving habits such as regular short trips that do not allow enough time to properly charge the
battery. Refer tdBattery Description and Operation.

1  Verify that the battery and charging system are in prowerking order. Refer t®attery Charging and Charging
System Test.

1 A battery discharging for no apparent reason while the vehicle is parked can be caused by an intermittent draw, such
as a module waking up, or a continuous draw, such as a stuck relay.

1 Same systems and modules such as regulated voltage control, if equipped, are designed to wake up, perform a task,
and go back asleep at regular intervals. Reféddy Control System Description and Operafanthe system or
modules description and operah.

1 An engine off natural vacuum evaporative test can occur if the engine control module (ECM) determines the drive
cycle has met the appropriate criteria immediately after key off. The ECM will stay awake and the vent solenoid will
stay energized for deng as 45 min. The typical current draw for this is about 1 A.

1  Anextremely low mA current level is consumed by the remote keyless entry receiver for monitoring purposes, actual
system wake up only occurs when the fobs for the vehicle are used. Whendghices on the same remote keyless
entry operating frequency are activated, such as the tire pressure monitoring sensors and other vehicle FOBs in the
vicinity, the remote keyless entry receiver will have a 100 mA spike. These spikes are normal atabdugerfly to
have a significant effect on battery drain. Competing signals may cause remote keyless entry performance issues such
as jamming but should not cause excessive battery draw.

1 If an excessive current draw is not present during initial tgstaontinue periodic testing over & hour period to
see if the current draw increases and stays above an unacceptable level.
Caution
The battery specification listed below is a generic specification. Refer to the label on the o
battery when tesing the battery.
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1  The battery run down time will vary depending on the batteries reserve capacity. If the reserve capacity is higher,
then the battery run down time may be longer. If the reserve capacity is lower, then the battery run down time may
be shorter. The graph balv indicates roughly how many days a 690 cold cranking amperage battery with a 110 min
reserve capacity starting at 80% state of charge will last with a constant current draw until it reaches 50% state of
charge. Differences in battery reserve capacity tamdperature will affect the results.

Current Drain Days
25 mA 33
5 mA 16.5
75 mA 11
100 mA 8.25
250 mA 3.3
500 mA 1.65
750 mA 1
1A 0.8
2A 0.4

8.1.2.3.5. Reference Information

Schematic Reference
Control Module References

Connector End View Reference
Component Connector End Views

Electrical Information Reference
o0 Circuit Testing
0 Testing for Intermittent Conditions and Poor Connections
o Connector Repairs
o Wiring Repairs

Scan Tool Reference
Control Module Referencder scan tool information

Special Tod
EL 38758 Parasitic Draw Test Switch

15
REVISION1.0

RELEASE DAJE&6/2017



VeniceService Manual

Engine / Propulsion

VANDERHALL

8.1.2.3.6. Circuit/System Verification

Note:
1 Most vehicle systems will go to sleep within 30 min but it can take up to 2 h before all sys
power down allowing the parasitic draw test to pass. An occasional increase in the parasi
draw is normal as long as it returns within 1 s.

1  Closing the doolatches/ajar switch while leaving the doors open is recommended, this allq
iKS @GSKAOfS &deadsSvya (2 LISNF2NXY Ay | aR24
that may be needed to complete the diagnostic steps.

1 Locking doors will arm the faecle content theft deterrent system if equipped. Failure to arm
the system may cause a theft system fault to not be present during testing.

1  There are many things that can prevent the vehicle from completely going to sleep and pg
the parasitic drawest. Make sure all the conditions listed below are met before performing
the parasitic current draw test.

¢ Ignition OFF

¢ Key out of the ignition switch when not equipped with keyless access and start

¢ Retained Accessory Power Qfépen and close the drivatoor after ignition OFF

¢ Scan tool not communicating with a vehicle control modyie some cases it may
need to be disconnected from the DLC

¢ All access doors closed

¢ Headlamps OF¢auto headlamps disabled

¢ Any delay lighting OFF

¢ HVAC after blow OFF

¢ Any acessory that can work with ignition OFF inactive or OFF

¢ Wait up to 2 min or longer, after all other listed conditions are met

Using an Inductive Pickup Probe
1. Connect an inductive pickup probe to the negative battery cable that can read down to 1 mA.
2. Ignition OFF, as the vehicle systems shut down test for less than 30 mA of parasitic current drain.
t+ If greater than the specified range, refer to Circuit/System Testing.

Using the EL 38758 Parasitic Draw Test Switch

Warning:

Refer to Battery Discarect Warning.

Caution
When a fused jumper wire or digital multimeter is connected to the test switch terminals, al
turn the test switch ON before opening any access door, turning the ignition on, or turnin
accessory on. This is to prevent danmagthe jumper wire or digital multimeter fuse.

Note:
The switch knob on the EL 38758 switslmarked ON and OFF. When the switch knob is in the
position, the circuit is closed and electrical current will pass through the switch. When the s
knob is in the OFF position, the circuit is open and electrical current will not pass throud
switch.

1. Ignition OFF, disconnect the battery negative cable from the battery. Refer to Battery Negative Cable Disconnection
and

Connection.

2. Turn the EL 38758 switch knob to the OFF position.

3. Install the male end of the EL 38758 switch to thedygtground terminal.
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. Install the battery negative cable to the female end of the EL 38758 switch.

. Turn the EL 38758 switch knob to the ON position.

. Road test the vehicle and activate all of the accessories such as the radio and air conditioning.
. Ignition OFF, connect a 10 A fused jumper wire to the test switch tool terminals.

. Turn the EL 38758 switch knob to the OFF position. The current now flows through the jumper wire.
. Check the fuse in the jumper wire. The fuse should be OK.

t+ Failed:If the jumper wire fuse is blown, refer to Circuit/System Testing.

p Passed

10. Turn the EL 38758 switch knob to the ON position. Remove the fused jumper wire.

11. Connect a DMM set to the 10 A DC scale between the test switch tool terminals.

12. Turn theEL 38758 switch knob to the OFF position. The current now flows through the DMM.
13. As the vehicle systems shut down test for less than 30 mA of parasitic current drain.

t If greater than the specified range, refer to Circuit/System Testing.

© o00o~NO O~

8.1.2.3.7. Circuit/System Testing

Note:

1 Removing or installing a fuse, relay, or connector, to determine the area causing high par
draw may wake up control modules. You must wait for the control modules to go back to
before retesting. It is best to indtaany removed or disconnected components after the
diagnosis is completed.

1 Fuses for power mode master components such as the BCM should be removed last to a
misdiagnosis.

M If a scan tool is connected to the DLC, either disconnect it or subtractanetsal current
draw from the DMM reading to get the actual vehicle parasitic current draw.

If the vehicle has an unacceptable amount of parasitic current draw, remove each fuse one at a time until the current draw
falls to an acceptable level. A droprore than 1@20 mA, when disabling a single system or circuit, is an indication of an
overly high current draw that could be causing the battery drain. RefdPdwaer Distribution Schematide diagnose
exactly which circuit of the suspect systemcisusing the high parasitic drain. The following is a list of common
components that could cause a high current draw:

I  Stuck switch

1 Stuck relay

1  Control module

8.1.2.3.8. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.
Control Module Referencder control module replacement, programming and setup
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8.1.2.4.Charging System Test

8.1.2.4.1. Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.

0 ReviewStrategy Based Diagno$is an oveview of the diagnostic approach.

o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.1.2.4.2. Diagnostic Fault Information

Circuit Short to Ground Open/High Short to Signal
Resistance Voltage Performance
B+ - P0621 - -
Control¢ L Terminal P0621 P0621 P0621 -
Signak, F Terminal P0622 P0622 P0622 P0622

8.1.2.4.3. Circuit/System Description

The engine control module (ECM) uses the generator turn ON control circuit to control the load of the generator on
the engine. A high side driver in tHECM applies a duty cycled voltage to the voltage regulator. The duty cycle
controls the voltage regulator to turn the field circuit ON and OFF. The ECM monitors the state of the generator turn
ON control circuit. The ECM should detect low voltage on #megator turn on control circuit when the ignition is ON

and the engine is OFF, or when the charging system malfunctions. With the engine running, the ECM should detect
high voltage when the duty cycle voltage is commanded high and a low voltage whenttheytle voltage is
commanded low on the generator turn on control circuit.

The engine control module (ECM) uses the generator field duty cycle signal circutgrorifkal circuit, to monitor

the duty cycle of the generator. The generator field dutgleysignal circuit connects to high side of the field windings

in the generator. A pulse width modulated (PWM) high side driver in the voltage regulator turns the field windings on
and off. The ECM uses the PWM signal input to determine the generatoolo#ite engine. This allows the ECM to
adjust the idle speed to compensate for high electrical loads. The ECM monitors the status of the generator field duty
cycle signal circuit. When the ignition is ON and the engine is off, the ECM should detect gctiutyear 0%. When

the engine is running, the duty cycle should be betwee®%%.

8.1.2.4.4. Reference Information

Schematic Reference
Starting and Charging Schematics

Connector End View Reference
Component Connector End Views

Description and Operation
Charging S$tem Description and Operation

Electrical Information Reference

Circuit Testing

Connector Repairs

Testing for Intermittent Conditions and Poor Connections

1
1
1
1  Wiring Repairs
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8.1.2.4.5. Circuit/System Verification

Note:
Do not have a battery charger connected durihg generator testing.

1. Ignition ON.
2. Verify that no G13 Generator or B18 Battery Current Sensor DTCs are set that would cause a charging system
concern.
t IfDTCs are set
Refer toDiagnostic Trouble Code (DTC) List Vehicle.
p If no DTCs are set
3. \erify the scan tool Body Control Module Battery Voltage parameter is 12 V or greater.
t Iflessthan 12 V
Refer toBattery Inspection/Test.
p If 12 V or greater
4. Engine running, all accessories OFF.
5. Verify the scan tool Body Control Module Batteryt&gg parameter continually increases when controlling the
Body Control Module Generator Regulator Setpoint from 10% to 80% with a scan tool. It may take up to 10 s for the
battery voltage to stabilize between each setpoint change.
t If the battery voltagedoes not continually increase
Refer to Circuit/System Testing.
p If the battery voltage continually increases
6. All OK.

8.1.2.4.6. Circuit/System Testing

Note:
You must perform the Circuit/System Verification before proceeding with Circuit/System Testi

1. Ignition OFF.
H® ¢Sad FT2NJfSaa Ky W m 0SisSSy (K
t If 6.5mor greater
Repair the open/high resistance in the circuit.
pLT fSaa GKFIYy con m
3. Verify a test lamp illuminates between the G13 Germr&t+ circuit terminal A X2, B X2, 1 X1 or 1 X2 and ground.
t If the test lamp does not illuminate and the circuit fuse is good
3.1. Remove the test lamp and disconnect the B+ cable at the G13 Generator.
odHd ¢Sad FT2N) £Saa dewy W m Ay (GKS . b OANDdzAG SyR G2
t If 2mor greater, repair the open/high resistance in the circuit.
t If less than 2w, verify the fuse is not open and there is voltage at the fuse.
t If the test lamp does not illuminate and the circuit fuse is open
3.1. Remove the test lamp, d@mect the C1 Battery negative cable, and disconnect the G13 Generator B+
cable.
3.2. Test for infinite resistance between the B+ circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If the test lamp illuminates
4. Test or replace the G13 Generator.

w

Dmo DSYySNI (2N K2 dza

8.1.2.4.7. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.
Generator Replacement
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8.1.2.5.Generator Noise Diagnosis
8.1.2.5.1. Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.1.2.5.2. Diagnostt Aids

Noise from a generator may be due to electrical or mechanical noise. Electrical noise or magnetic whine usually varies
with the electrical load placed on the generator and is a normal operating characteristic of all generators. When
diagnosing a nsy generator, it is important to remember that loose or misaligned components around the generator
may transmit the noise into the passenger compartment and that replacing the generator may not solve the problem.

8.1.2.5.3. Circuit/System Testing

1. Start the engineVerify the noise can be heard. Compare the concern to a similar vehicle.
2. Perform a charging system test. Verify that the generator is charging properly.
3. Inspect the generator, generator mounting, wiring harness, heater hoses, A/C lines, or atbesayg equipment that may
be misrouted or be the cause of noise being transmitted into the passenger compartment.
4. Ignition OFF, remove the engine drive belt.
5. Verify the generator, A/IC compressor, water pump pulley, power steering pump, idler pii@ytensioner pulley spin
freely.
t If any of the pulleys do not spin freely
Replace the affected component.
p If all belt driven components spin freely
6. Start the engine. Operate the engine for no longer tha#3§.
7. Verify that the noise goes away.
t If the noise is still present
The generator is not the cause of the noise. Refedytmptoms Engine Mechanical
p If noise is no longer present
8. Inspect for worn accessory drive components or abnormalities such as severe cracking, bumps, or ressing the
accessory drive belt and/or misalignment of system components

8.1.2.5.4. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the diagnostic procedure.
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8.1.2.5.5. Starter Solenoid Does Not Click
8.1.2.5.6. Diagnostic Instructions

o Perform the Diagnostic System Check Velpdir to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$os an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.1.2.5.7. Diagnostt Fault Information

Circuit Short to Ground Open/High Short to Signal
Resistance Voltage Performance

B+ 1 1 - -
Control Terminal 85 1 2 -
Control Terminal 87 1 1 2 -
Ground Terminal 86 - 1 - -

1. No Crank

2. Cranks All The Time

8.1.2.5.8. Circuit/SystemDescription

When the ignition switch is placed in the START position, a signal is supplied to the starter relay. Providing that the
transmission is in Park/Neutral. The engine will crank.

8.1.2.5.9. Reference Information

Schematic Reference
Starting and Chargingchematics

Connector End View Reference
Component Connector End Views

Description and Operation
Starting System Description and Operation

Electrical Information Reference
1  Circuit Testing
1  Connector Repairs
1  Testing for Intermittent Conditions and Poor @ewctions
1  Wiring Repairs

Scan Tool Reference
Control Module References for scan tool information

8.1.2.5.10Circuit/System Verification

1. Transmission range selector in park, attempt to start the vehicle. The starter solenoid should click and the engine
should begi cranking.

t+ If the starter solenoid does not click or the engine does not crank, reféirtait/System Testing.
2. Ignition ON, observe the scan tool ECM Crankshaft Position Sensor Active Counter is not incrementing.

t If the Crankshaft Position Sensor Active Counter is incrementing, replace the Crankshaft Position Sensor.
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8.1.2.5.11Circuit/System Testing

1. Verify DTC P0851, P0852, B1370, B1380, B1440, or B1441 are not set.
t If either DTC is set, refer fdiagnostic Troubledgle (DTC) List Vehicle.

2. Ignition Off, disconnect the starter relay.

od ¢Sai FT2N)fSaa GKFYy mn m 0SG6SSy GKS NBfFe& INBdzyR O2Af
t If greater than the specified range, test the ground circuit for an open/high resistance.

4. IgnitionON, verify that a test lamp illuminates between the B+ circuit terminal 30 and ground.
t If the test lamp does not illuminate, test the B+ circuit for a short to ground or an open/high resistance. If the
circuit tests normal and the fuse is open, test tleéay switch control output terminal 87 for a short to ground.

5. Ensure the parking brake is applied and the transmission is in park/neutral.

6. Momentarily install a 30 A fused jumper wire between the B+ circuit terminal 30 and the relay switch outpinate37.

7. The starter solenoid should engage and the engine should begin cranking
t If the solenoid does not engage, test the relay switch output circuit for a short to ground or an open/high
resistance. If the circuit tests normal, replace the starter motor.

8. Connect a test lamp between the starter relay coil control circuit tern@&alnd the coil ground terminal 86.

9. Transmission in park/neutral, cycle the ignition between the OFF and Crank position. The test lamp should turn ON and OFF

when

changing between the Crank and OFF positions.
t If the test lamp is always ON, test thentwl circuit for a short to voltage. If the circuit tests normal, replace the
ECM.
t If the test lamp is always OFF, test the control circuit for a short to ground or an open/high resistance. If the circuit
tests normal, replace the ECM.

10. If all circus tests normal, replace the starter relay.

[axtN
w»

8.1.2.5.12Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.

Crankshaft Position Sensor Replacement

Clutch Pedal Position Sensor Replacement

Relay Replacement

Starter Replacement

Control Module Referencder ECM replacement, setup and programming

= =4 =4 -8 =
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8.1.2.6.Starter Solenoid Clicks, Engine Does Not Crank
8.1.2.6.1. Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
o0 ReviewStrategy Based Diagsisfor an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.1.2.6.2. Reference Information

Schematic Reference
Starting and Charging Schematics

Connector End View Reference
ComponentConnector End Views

Description and Operation
Starting System Description and Operation

Electrical Information Reference
1  Circuit Testing
1  Connector Repairs
1 Testing for Intermittent Conditions and Poor Connections
T Wiring Repairs

Scan Tool Reference
Contrd Module Referencefor scan tool information
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8.1.2.6.3. Circuit/System Testing

1. Ignition OFF, measure and record the C1 Battery voltage at the terminals.
2. Verify the measured voltage is betweerg13 V.
t If voltage is less than 12 V or greater than 15 V
Referto Battery Inspection/Test.
p If voltage is between 1215V
3. Remove the drive beltRefer toDrive Belt Replacement
4. Verify the crankshaft rotates rotate the crankshaft by hand using the appropriate tools.
t If the crankshaft does not rotate
Refer toEngine Will Not Crank Crankshaft Will Not Rotate
p If the crankshaft rotates
5. Verify the engine does not crank when attempting to start the vehicle.
t If the engine cranks
Inspect the engine and belt drive system for mechanical binding, seized engs®zed generator.
p If the engine does not crank
6. Verify that a test lamp illuminates between the M64 Starter Motor B+ terminal 1 X2 or A X2 and ground.
t If the test lamp does not illuminate and the circuit fuse is good
6.1. Ignition OFF.

6.2. Testfof S&4&4 GKIY W m Ay GKS . b OANDdzAG SyR (2 SyRo

t LT H om 2NJ IANBFGESNE NBLI AN GKS 2LISykKAIK NBaradalyOS Ay
t LT f8aa GKIFIY H mZI GSNRATE GKS Fdza$§ Aa y2aG 2Ly FyR GKS

t If the test lamp does not illuminate and the circuit fuse open

6.1. Ignition OFF.

chPHd ¢Sad F2NJ ANBFGSNI GKIFYy mnn m 68G6SSy (KS b OANDdzA G
t LT man m 2N £Saa3X NBLIANI GKS aK2NI (2 3INRdzyR 2y GKS OA
t LT INBFGSNI GKIYy mann mI NBLIXFOS GKS acn {dFNISN a2i2N®

p If the test lamp illuminates
7. Test folless than 0.5 V between the positive battery cable and M64 Starter Motor B+ terminal 1 X2 or A X2 with the ignition
inthe START position.
t If 0.5V or greater
Replace the positive battery cable.
p Ifless than 0.5V
8. Test for less than 0.5 V betweedmetnegative battery cable and the M64 Starter Motor case with the ignition in the START
position.
t If 0.5V or greater
Replace the negative battery cable.
p less than 0.5 V
9. Replace the M64 Starter Motor.

8.1.2.6.4. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.
i Battery Negative Cable Replacement
1 Battery Positive Cable Replacement
1 Starter Replacement
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8.1.2.7 Engine Cranks Slowly
8.1.2.7.1. Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to usingthis diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.1.2.7.2. Reference Information

Schematic Reference
Starting and Chargingchematics

Connector End View Reference
Component Connector End Views

Description and Operation
Starting System Description and Operation

Electrical Information Reference
1  Circuit Testing
1  Connector Repairs
1  Testing for Intermittent Conditions and PoGonnections
T Wiring Repairs

Scan Tool Reference
Control Module Referencder scan tool information

8.1.2.7.3. Circuit/System Verification

1. Ignition OFF, measure and record the battery voltage at the C1 battery terminals. The voltage should be between
12.015.0 V.
t+ If not within the specified range, refer to Battery Charging.
2. Test for less than 0.5 V between the positive battery cable and terminal B X2 at the M64 starter motor as the
ignition is placed to the CRANK position.
+ If greater than the specified vadureplace the positive battery cable.
3. Test for less than 0.5 V between the negative battery cable and the M64 starter motor case as the ignition switch is
placed to theCRANK position.
t If greater than the specified value, replace the negative battery cable.
4. Remove the drive belts. Refer to one of the following:
1 Drive Belt Replacement
1 Drive Belt Tensioner Replacement
5. Place the ignition to the CRANK position. verify the engine mtatesrank normal.
+ If the engine cranks normal, inspect the engine and belt drive system for mechanical binding, seized
generator etc.
6. If all circuits test normal, replace the M64 starter motor.

8.1.2.7.4. Repair Instructions

Perform theDiagnostic Repair Vehtionafter completing the diagnostic procedure.
1 Battery Negative Cable Disconnection and Connection
1 Starter Replacement
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8.1.2.8.Starter Noise Diagnosis
8.1.2.8.1. Diagnostic Instructions

o Perform the Diagnostic System Check Vetlpdier to using this diagnostic procedure
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.1.2.8.2. Circuit/System Description

The PG starter motors are negpairable. They have pole piecésat are arranged around the armature. Both
solenoid windings are energized. The palwinding circuit is completed to the ground through the starter motor.
The windings work together magnetically to pull and hold in the plunger. The plunger movesifthieva@r. This

action causes the starter drive assembly to rotate on the armature shaft spline as it engages with the flywheel ring
gear on the engine. Moving at the same time, the plunger also closes the solenoid switch contacts in the starter
solenoid.Full battery voltage is applied directly to the starter motor and it cranks the engine.

8.1.2.8.3. Reference Information

Description and Operation
Starting System Description and Operation

8.1.2.8.4. Circuit/System Verification

Start the engine. Listen to the starter noisehile the engine is cranking. Compare the concern to a similar vehicle.

8.1.2.8.5. Circuit/System Testing

1. Remove the flywheel inspection cover.
2. Inspect the flywheel for the following:
1 Loose flywheel bolts
1 Chipped gear teeth
1 Missing gear teeth
1 Bent flywheel
1 Debiis in the bell housing
t+ If not within specifications, remove the debris, tighten the flywheel bolts, or repair or replace the flywheel.
3. If all inspections were within specification, replace the starter motor.

8.1.2.8.6. Repair Instructions

Perform theDiagnostidRepair Verificatiomfter completing the diagnostic procedure.
1  Starter Replacement
1 Engine Flywheel Replacement
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8.1.2.9 Battery Negative Cable Disconnection and Connection (Battery to Chassis)

Battery Negative Cable Disconnection and Connection

Callout | Component Name

Preliminary Procedures

1.Slide the Right Seat fully forward

2. Remove Back Carpet

3. Remove Battery Hatch Cover

4. Ensure that all lamps and accessories are turned off.
5. Turn the ignition OFF and remove the ignition key.

Battery Negative Cable Fastener

Warning: Refer to Battery Disconnect Warning.
1 Caution: Refer to Fastener Caution.

Tighten

4.5 Nm (40 Ib in)

Battery Negative Cable

Procedure

2 1. Disconnect the battery negative cable from the battery.
2. After connectinghe battery negative cable, insert the ignition key and turn the ignition to the ON positior]
3. Program the volatile memory. Refer@mntrol Module References.

8.1.2.10. DTC B1325, B1327B1330, B1395, B1415, B1424, B1425, B1439, B1517, C0800, C0805, C0870,
C0880,0895, C0899, C0900, P0560, P0562, P0563, P0O611, P129B, P129C, P15AE, or P15AF

8.1.2.10.1Diagnostic Instructions

1 Perform theDiagnostic System Check Vehpi®r to using this diagnostic procedure.
1 ReviewStrategy Based Diagno$is an overview of the diagnostapproach.
1 Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.
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8.1.2.10.2DTC Descriptors

DTC B1325

Device Power Circuit Voltage
DTC B1327

Device Voltage Circuit
DTC B1328

Device Voltage Circuit
DTC B1330

Device Power 2 Circuit
DTCB1390

Control Module Supply Circuit 1
DTC B1395

Control Module Voltage Reference Output 1
DTC B1400

Control Module Supply Circuit 2
DTC B1410

Control Module Supply Circuit 3
DTC B1415

Control Module Voltage Reference Output 3
DTC B1424

Control Module Powe€ircuit
DTC B1425

Control Module Power Circuit
DTC B1439

Intermittent Device Voltage
DTC B1517

Battery Voltage
DTC C0800

Device Power 1 Circuit Voltage
DTC C0805

Control Module Power 2 Circuit
DTC C0870

Control Module Voltage Reference
DTC C0880

ControlModule Voltage Reference
DTC C0895

Device Voltage
DTC C0899

Device Voltage
DTC C0900

Device Voltage
DTC P0560

System Voltage Low
DTC P0561

System Voltage Performance
DTC P0562

System Voltage Low
DTC P0563

System Voltage High
DTC P0611

Fuel Injector Contrdlodule Performance
DTC P129B

System Voltage Low
DTC P129C

System Voltage High
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DTC P15AE
Fuel Injector Control Module System Voltage Low Voltage
DTC P15AF
Fuel Injector Control Module System Voltage High Voltage
For symptom byte information refer to SymptoByte List.
8.1.2.10.3Circuit/System Description

The vehicle control modules or sensors monitor the system voltage to verify the system voltage is within the normal
operating range.

8.1.2.10.4Conditions for Running the DTC
The engine is running.
8.1.2.10.5Conditions for Setting thedTC

The control module or sensor detects a system voltage of less than approximately 9 V or greater than 15 V for
approximately 5 s.

8.1.2.10.6Action Taken When the DTC Sets

A driver information center message and/or warning indicator may be displayed.
The controimodule may be temporarily disabled.

8.1.2.10.7Conditions for Clearing the DTC
The system voltage returns to normal operating range.
8.1.2.10.8Diagnostic Aids
A high or low voltage DTC set or voltage value in multiple modules/sensors indicates a concern in the charging

sysem.
A possible cause of this DTC could be overcharging with a battery charger or jump starting.
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8.1.2.10.9Reference Information

Schematic Reference
Control Module References

Connector End View Reference
Component Connector End Views

Description and Operation
Chaging System Description and Operation

Electrical Information Reference
1  Circuit Testing
1  Connector Repairs
1  Testing for Intermittent Conditions and Poor Connections
1  Wiring Repairs

DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions

Scan Tool Reference
Control Module Referencder scan tool information

8.1.2.10.10. Circuit/System Verification

1. Ignition OFF, measure and record the battery voltage at the battery terminals.
2. Verify the battery voltage stabilizes between 12.4 and 12.8 V vatfémv minutes of turning the ignition OFF.
t If battery voltage is less than 12.4 V or more than 12.8 V
Refer to Battery Inspection/Test.
p If battery voltage is between 12.4 and 12.8 V
3. Engine running, headlights ON, measure and record the battdtgge at the battery terminals.
4. Verify the voltage is at least 1 V greater than the voltage measured in step 1, but less than 15 V.
t If the voltage is not at least 1 V greater than the voltage measured in step 1 or is greater than 15 V.
Refer to Chaging System Test.
p If the voltage is at least 1 V greater than the voltage measured in step 1, but less than 15 V.
5. Verify the appropriate control module battery voltage and ignition voltage parameters are available in the scan
tool.
t If parameters are not available in the scan tool
Refer to Circuit/System Testing
p If parameters are available in the scan tool
6. Verify the appropriate control module scan tool battery voltage and ignition voltage parameters are within 1 V of
the battery voltage.
t If not within 1 V of the battery voltage
Refer to Circuit/System Testing
p If within 1 V of the battery voltage
7. All OK.
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8.1.2.10.11. Circuit/System Testing

Note:
Use the schematic to identify the following:
1  Control modules the vehicle is equipped hwvit
1  The control module's ground, B+, and Ignition circuit terminal IDs and connectors

Note:
Some control module ground circuits may require up to 20 min after the ignition is turned off b
FOKAS@GAYy3a | NBairadalyOS NBIRKSINBFREIPEAE ak

within 1 min indicating the control module is going to sleep.

1. Ignition OFF and all vehicle systems OFF, disconnect the harness connectors at the appropriate control module. It may take
up to 2 min for all vehicle siems to power down.
H® ¢Sad F2NJfS8aa GKFEY mn m 0SG6SSy SIHOK INRdzyR OANDdzZA G G SNI)A
t LT mn m 2N ANBFGSNI
2.1. Ignition OFF.
HoHd ¢Sad FT2NJ £Saa GKIYy H m
t LT B om 2NJ INBFGSNE NBLEchdu.
t LT 8348 GKFY W mX NBLI AN (K
pLFT tSaa GKFYy mn m
3. If equipped, verify a test lamp illuminates between each B+ circuit terminal and ground.
t If the test lamp does not illuminate and the circuit fuse is good
3.1. Ignition OFF.
odHd ¢Sad F2NI £Saa GKFYy H m A i
t LT B om 2NJ INBFGSNE NBLI AN §KS 2
t LT f8aa GKIEY u mI OSNRATe (GKS d
t If the test lamp does not illuminate and the circuit fuse is open
3.1. Ignition OFF.
3.2. Test for infinite resistance between the B+ circuit and ground.
t If less than infiite resistance, repair the short to ground on the circuit.
t If infinite resistance, replace the appropriate control module.
p If the test lamp illuminates
4. Ignition ON.
5. If equipped, verify a test lamp illuminates between each ignition circuit texihaind ground.
t If the test lamp does not illuminate and the circuit fuse is good
5.1. Ignition OFF.
pdPHd ¢Sad F2NI £Saa GKFY W m Ay GKS A3yAidarz
t LT v m 2N IANBIFGSNE NBLI AN GKS 2LISykKAIK NBa
t LT £ S&a erify thé fvise is nomapen @nd there is voltage at the fuse.
t If the test lamp does not illuminate and the circuit fuse is open
5.1. Ignition OFF.
5.2. Test for infinite resistance between the ignition circuit and ground.
t If less than infinite resistaec repair the short to ground on the circuit.
t If infinite resistance, replace the appropriate control module.
p If the test lamp illuminates
6. Replace the control module.
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8.1.2.10.12. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completingthe repair.
Control Module Referencder control module replacement, programming and setup.
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8.1.2.11. DTC B1516
8.1.2.11.1Diagnostic Instructions
1 Perform theDiagnostic System Check Vehptior to using this diagnostic procedure.
1 ReviewStrategy Based Diagno$is an oerview of the diagnostic approach.
91  Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.
8.1.2.11.2DTC Descriptors
DTC B1516 08
Battery Current Sensor Signal Invalid
DTC B1516 66
Battery Current Sensor Wrong Mounting Position
8.1.2.11.3Diagnostic Fault Information
Circuit Short to Ground Open/High Short to Signal
Resistance Voltage Performance
5V B1516 08 B1516 08 - -
Signal B1516 08 B1516 08 B1516 08 B1516 08, B1516
66
Low Reference - B1516 08 - -

8.1.2.11.4Circuit/System Description

Thebattery current sensor is a 3wire hall effect current sensor. The body control module (BCM) supplies 5 V and
ground to the battery current sensor. The battery current sensor measures the amount of current flowing to or from

the battery, and supplies a p@svidth modulation (PWM) signal to the BCM.
8.1.2.11.5Conditions for Running the DTC

B1516 08
The BCM is awake.
B1516 66
The BCM is awake.
The engine is OFF.
8.1.2.11.6Conditions for Setting the DTC
B1516 08
The battery current signal is less than 4 % or greater than 86t$«cycle for 2 min.
B1516 66
The battery current polarity is positive for 2 minutes.
8.1.2.11.7Action Taken When the DTC Sets
The regulated voltage control (RVC) is disabled.
8.1.2.11.8Conditions for Clearing the DTC

The DTC passes when the battery current returns tontrenal range for 15 s.

8.1.2.11.9Diagnostic Aids
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DTC B1516 08 could be set by overcharging with a battery charger or jump starting.
8.1.2.11.10. Reference Information

Schematic Reference
Starting and Charging Schematics

Connector End View Reference
Component Connector Endiews

Description and Operation
Charging System Description and Operation

Electrical Information Reference
1  Circuit Testing
1  Connector Repairs
1  Testing for Intermittent Conditions and Poor Connections
1 Wiring Repairs

Scan Tool Reference
Control Module Refeancesfor scan tool information

8.1.2.11.11. Circuit/System Testing

B1516 08

1. Ignition OFF, disconnect the harness connector at the B18 battery current sensor.

2. Ignition OFF and scan tool disconnected, open and close the driver door, and wait 1 min. Test for less

iKFry on m 0Si6SSy (KS t2¢6 NBFTSNBYyOS OANDdzZAG GSNINAYL €
t+ If greater than specified range , test the low reference circuit for an open/high resistance. If the
circuit tests normal, replace the K9 Body Control Module.

3. Ignition ON, test fo4.8¢5.2 V between the 5 V reference circuit terminal A and ground.
t If less than the specified range, test the 5 V reference circuit for a short to ground or an
open/high resistance. If the circuit tests normal, replace the K9 Body Control Module.
+ If greater than the specified range, test the 5 V reference circuit for a short to voltage. If the
circuit tests normal, replace the K9 Body Control Module.

4. Ignition ON, test for 4¢%.2 V between the signal circuit terminal C and ground.
t If less tha the specified range, test the signal circuit for a short to ground or an open/high
resistance. If the circuit tests normal, replace the K9 Body Control Module.
t If greater than the specified range, test the signal circuit for a short to voltage. Kitbeit
tests normal, replace the K9 Body Control Module.

5. If all circuits test normal, test or replace the B18 Battery Current Sensor.

B1516 66
1. Verify that the B18 Battery Current Sensor is installed securely around the negative battery cable, with
the tape tab pointing away from the negative terminal on the C1 Battery.
+ If the B18 Battery Current Sensor is not installed correctly, remove and reinstall the sensor
properly.
2. Replace the B18 Battery Current Sensor.

8.1.2.11.12. Repair Instructions

Perform theDiagnostic Repair Verificaticafter completing the repair.
1 Battery Current Sensor Replacement
1  Control Module Referencder BCM replacement, setup, and programming
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8.1.2.12. DTC B151A
8.1.2.12.1Diagnostic Instructions

1  Perform theDiagnostic System Check Vehjai®r to using this diagnostic procedure.
1 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
91  Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.1.2.12.2DTC Descriptor

DTC B151A 58
Battery Capacity Performance

8.1.2.12.3Cirait/System Description

The body control module (BCM) monitors the battery voltage level during an engine crank event to detect a low
battery voltage condition.

8.1.2.12.4Conditions for Running the DTC
The vehicle is ON
8.1.2.12.5Conditions for Setting the DTC

A minimum crak battery voltage is less than the minimum crank battery voltage threshold for 16 consecutive crank
events.

8.1.2.12.6Action Taken When the DTC Sets
A driver information center message is displayed.
8.1.2.12.7Conditions for Clearing the DTC

The DTC will clear if the minimuonank voltage is greater than the minimum crank voltage threshold during a crank
event.

8.1.2.12.8Reference Information

Schematic Reference
Starting and Charging Schematics

Connector End View Reference
Component Connector End Views

Description and Operation
Chaging System Description and Operation

Electrical Information Reference
1  Circuit Testing
1  Connector Repairs
1  Testing for Intermittent Conditions and Poor Connections
1  Wiring Repairs

Scan Tool Reference
Control Module Referencder scan tool information
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8.1.2.12.9Circuit/System Verification

1. Verify DTC P0621 or P0622 is not set.
t IfDTC P0621 or P0622 is set
Refer to DTC P0621 or DTC P0622
p If DTC P0621 or P0622 is not set
2. Perform the Battery Inspection/Test.
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8.1.2.13. DTC B1527
8.1.2.13.1Diagnostic Instructions

1  Perform theDiagnostic System Check Vehjair to using this diagnostic procedure.
1 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
91  Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.1.2.13.2DTC Descriptor

DTC B187 00
Parasitic Load

8.1.2.13.3Circuit/System Description
The body control module (BCM) monitors the state of charge of the electrical system.
8.1.2.13.4Conditions for Running the DTC
The ignition is in Accessory or Run mode.
8.1.2.13.5Conditions for Setting the DTC
The state otharge at ignition ON is 30% lower than when the engine was running and battery drain is more than 2 A.
8.1.2.13.6Action Taken When the DTC Sets
There is no battery telltale illuminated or DIC message displayed.
8.1.2.13.7Conditions for Clearing the DTC

The DTC will cledrthe fault does not return after 50 consecutive ignition cycles.
The DTC will clear when run state of charge is greater than or equal to 80%.

8.1.2.13.8Reference Information

Schematic Reference
Starting and Charging Schematics

Connector End View Reference
Componeat Connector End Views

Description and Operation
Charging System Description and Operation

Electrical Information Reference
M Circuit Testing
1 Connector Repairs
1 Testing for Intermittent Conditions and Poor Connections
1  Wiring Repairs
Scan Tool Reference
Control Module Referencder scan tool information

8.1.2.13.9Circuit/System Verification

Refer toBattery Electrical Drain/Parasitic Load Test.
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8.1.2.14. DTC P0615, P0616, or PO617
8.1.2.14.1Diagnostic Instructions
1  Perform theDiagnostic System Check Vehjmi®r to using this diagostic procedure.
1 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
91  Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.
8.1.2.14.2DTC Descriptors
DTC P0615
Starter Relay Control Circuit
DTC P0616
StarterRelay Control Circuit Low Voltage
DTC P0617
Starter Relay Control Circuit High Voltage
8.1.2.14.3Diagnostic Fault Information
Circuit Short to Ground Open/High Short to Signal
Resistance Voltage Performance
Control P0616 P0615 P0617 -
Ground - P0615 - -

8.1.2.14.4Circuit/System Description
When the ignition switch is placed in the CRANK position, a discrete signal is supplied to the body control module
(BCM) notifying it that the ignition is in the CRANK position. The BCM then sends a message to the engine control
module (ECM) that crank has been requested. The ECM then verifies that the clutch pedal is depressed or the
transmission is in Park/Neutral. If it is, the ECM then supplies 12 V to the control circuit of the starter relay. When this
occurs, battery voltages supplied through the switch of the starter relay to the starter motor.

8.1.2.14.5Conditions for Running the DTC

1 The ignition is in the CRANK position.
1 The system voltage is between §1B V.

8.1.2.14.6Conditions for Setting the DTC

The ECM detects improper voltage the control circuit of the starter relay.
8.1.2.14.7Action Taken When the DTC Sets

DTC P0615, P0616, and P0617 are C type DTCs.
8.1.2.14.8Conditions for Clearing the DTC

DTC P0615, P0616, and P0617 are C type DTCs.
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8.1.2.14.9Reference Information

Schematic Reference
Starting and Cérging Schematics

Connector End View Reference
Component Connector End Views

Description and Operation
Starting System Description and Operation

Electrical Information Reference
1  Circuit Testing
1 Connector Repairs
1  Testing for Intermittent Conditions arféloor Connections
1  Wiring Repairs

DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions

Scan Tool Reference
Control Module Referencder scan tool information

8.1.2.14.10. Circuit/System Testing

1. Ignition OFF and all vehicle systems OFFomhigct the KR27 Starter Relay. It may take up to 2 minutes for all
vehicle systems to power down.
Hd ¢Said F2NJfSaa GKFEYy mn m 0SiG6SSy (KS 3INRdzyR OANDdzA G G S
t If 10mor greater
2.1. Ignition OFF.
HOHd ¢Sad T2N f dxigcuitieddito)endd m Ay (G KS I NE dzy
+ If 2mor greater, repair the open/high resistance in the circuit.
t+ If less than 2w, repair the open/high resistance in the ground connection.
pLFT tSaa GKIFy mn m
3. Ignition ON.
4. Verify a test lamp illuminatdsetween the B+ circuit terminal 30 and ground.
t If the test lamp does not illuminate and the circuit fuse is good
4.1. Ignition OFF.
noHd ¢Sad FT2NI f£Saa Ky w m Ay (GKS . b OANDdz
t If 2mor greater, repair the open/high resistance in thecait.
t If less than 2w, verify the fuse is good and there is voltage at the fuse.
t If the test lamp does not illuminate and the circuit fuse is open
4.1. Ignition OFF.
4.2. Test for infinite resistance between the B+ circuit and ground.
t If less thanrifinite resistance, repair the short to ground on the circuit.
p If infinite resistance
4.3. Test for infinite resistance between the control circuit terminal 87 and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
t+ If infinite resistance, replace the KR27 Starter Relay.
p If the test lamp illuminates
5. Connect a test lamp between the control circuit terminal 85 and the ground circuit terminal 86.
6. Verify the test lamp turns ON and OFF when activating the vehii®igswitch.

w
<
¢
c
No
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t If the test lamp is always OFF
6.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
6.2. Test for infinite resistance between the control circuit and ground.
t If less than infinite resistance, repair tehort to ground on the circuit.
p If infinite resistance
chPod ¢Saild F2NI tSaa GKIFY H m Ay
t LT 0 om 2NJ INBFGIESNE NBLI AN
t LT £S&8a GKIFY W mI NBLX L OS
t If the test lamp is always ON
6.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module, ignition ON.
6.2. Test for less than 1 V between the control circuit and ground.
t If 1V or greater, repair the short to voltage on thecait.
t Ifless than 1V, replace the K20 Engine Control Module.
p If the test lamp turns ON and OFF
7. Ignition ON, connect a 30 A fused jumper wire between the B+ circuit terminal 30 and the control circuit terminal
87.
8. Verify the M64 starter motais activated.
t If the M64 starter motor does not activate
8.1. Ignition OFF, disconnect the X1 harness connector at the M64 starter motor.
8.2. Test for infinite resistance between the control circuit terminal X1 A or X1 1 and ground.
t If less than infiite resistance, repair the short to ground on the circuit.
p If infinite resistance

iKS 02y iNEt OANbdAG S
J GKS QUSYKKAHK NBaAxadl
G§KS YH 9y 3IAYS [/ 2y (NP

ydod ¢Said F2NJfSaa GKFEYy H M Ay GKS O2y(NERft OANDdﬂG ]
t LT v m 2NJ IANBFGSNE NBLI AN GKS 21L8ykKAIK NBaradl yos
v LT fS8aa GKFYy H mmmm£Lﬁ|OS G§KS acn aidl NJ

p If the M64 starter motor activates
9. Test or replace the KR27 Starter Relay.

8.1.2.14.11. Component Testing
Relay Test
1. Ignition OFF, disconnect the KR27 Starter Relay
2.Testforé@my n m 06S(ié6SSy uSNJH\YI a yp YR yco
t LT £83aa GKEFEY cn 2NJ ANBIGSNI GKIEY myn m

Replace the relay.
pIf between6@My N m
3. Test for infinite resistance between the terminals listed below:

1 30and86
9 30and87
f 30and85
1 85and87

t If less than infinite resistance
Replace the relay.
p If infinite resistance
4. Install a 20 A fused jumper wire between relay terminal 85 and 12 V. Install a jumper wire between relay terminal
86 and ground.
pd ¢Said F2NIfSaa GKFYy w m 06SGsSSy GSN¥YAYyLFfTA on FYR yT1d
t If 2mor greater
Replace the relay.
pLT tSaa GKIFYy H m
6. All OK

8.1.2.14.12. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.
1 Relay Replacement
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1  Starter Replacement
1  Control Module Referencder ECM replacement, programming, and setup
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8.1.2.15. DTC P0621
8.1.2.15.1Diagnostic Instructions
1 Perform theDiagnostic System Check Vehptior to using this diagnostic procedure.
1 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
91  Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.1.2.15.2DTCDescriptor

DTC P0621
Generator ETerminal Circuit

8.1.2.15.3Diagnostic Fault Information

Circuit Short to Ground Open/High Short to Signal
Resistance Voltage Performance
B+ - P0621 - -
Control¢ L Terminal P0621 - P0621 -
Signak, F Terminal P0622 - P0622 P0622

8.1.2.15.4Circuit/System Description

The engine control module (ECM) uses the generator turn on control circuit to control the load of the generator on
the engine. A high side driver in the ECM applies a duty cycled voltage to the voltage regulator. The duty cycle
controls the voltage regulator to turn the field circuit on and off. The ECM monitors the state of the generator turn on
control circuit. The ECM should detect low voltage on the generator turn on control circuit when the ignition is ON
and the engine isff, or when the charging system malfunctions. With the engine running, the ECM should detect on
the generator turn on control circuit, a high voltage when the duty cycle voltage is commanded high, and a low
voltage when the duty cycle voltage is commandttzal.

8.1.2.15.5Conditions for Running the DTC

1 Ignition ON, engine OFF (Prior to Ignition ON, the ignition must have been OFF for at least 5 s).
1 The engine is running for the run test

8.1.2.15.6Conditions for Setting the DTC

Ignition ON, engine ORFThe ECM detects greatdran 3.5 V on the generator control circuit for 5 s.

Engine running, The ECM detects a low voltage for 15 s on the generator control circuit when the duty cycle voltage
is commanded high.

1 Engine running The ECM detects a high voltage for 15 s ongiaeerator control circuit when the duty cycle voltage

is commanded low.

f
1

8.1.2.15.7Action Taken When the DTC Sets
DTC P0621 is a type C DTC.
8.1.2.15.8Conditions for Clearing the DTC

1 Ignition ON, engine OEEow voltage.
1  Engine running A control signal duty cycle is detect
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8.1.2.15.9Reference Information

Schematic Reference
Starting and Charging Schematics

Connector End View Reference
Component Connector End Views

Description and Operation
Charging System Description and Operation

Electrical Information Reference
1 CircuitTesting
1 Connector Repairs
1 Testing for Intermittent Conditions and Poor Connections
1  Wiring Repairs

DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions

Scan Tool Reference
Control Module Referencder scan tool information

8.1.2.15.10. Circuit/System Verification

1. Operate the vehicle within the Conditions for Running the DTC. You may also operate the vehicle within the
conditions that you observed from the Freeze Frame/Failure Records data.
2. Verify the DTC does not set.
t If the DTGsets
Refer to Circuit/System Testing.
p If the DTC does not set
3. All OK.

8.1.2.15.11. Circuit/System Testing

1. Verify a test lamp illuminates between the G13 Generator B+ circuit terminal A X1, A X2, B X2 or 1 X2, and ground.
t If the test lamp does not illuminateand the circuit fuse is good
1.1. Remove the test lamp and disconnect the B+ cable at the G13 Generator.
MoHd ¢Sald FT2NI fSaa GKFIy w m Ay (GKS . b OANDdAG SyR (2
+ If 2mor greater, repair the open/high resistance in the circuit.
t If less than 2w, verify the fuse is not open and there is voltage at the fuse.
t If the test lamp does not illuminate and the circuit fuse is open
1.1. Remove the test lamp, disconnect the battery negative cable, and disconnect the G13 Generator B+ cable.
1.2. Test for inhite resistance between the B+ circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If the test lamp illuminates
2. Disconnect the X1 harness connector at the G13 Generator, engine running.
3. Test for 1 Vogreater between the control circuit terminal 1 X1 and ground.
t Iflessthan 1V
3.1. Ignition OFF, disconnect the harness connectors at the K20 Engine Control Module.
3.2. Test for infinite resistance between the control circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance
odod ¢Saild FT2NI £Saa Ky u m Ay GKS O2yiNRf OANDdzAG SyR
+ If greater than 2w, repair the open/high resistance in the circuit.
t If less than 2, replace tle K20 Engine Control Module.
p If 1V or greater

u»
<
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4. Ignition OFF, disconnect the harness connectors at the K20 Engine Control Module, Ignition ON
5. Test for less than 1 V between the G13 Generator control circuit terminal 1 X1 and ground.
t If greater thanl V
Repair the short to voltage on the circuit.
pIf 1V or less
6. Test or replace the G13 Generator.

8.1.2.15.12. Repair Instructions

Perform theDiagnostic Repair Verificati@after completing the repair.
1 Generator Replacement
1  Control Module Referencder enginecontrol module replacement, programming, and setup
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8.1.2.16. DTC P0622
8.1.2.16.1Diagnostic Instructions
1 Perform theDiagnostic System Check Vehptior to using this diagnostic procedure.
1 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
1 Diagnos$ic Procedure Instructiongrovides an overview of each diagnostic category.
8.1.2.16.2DTC Descriptor
DTC P0622
Generator FTerminal Circuit
Diagnostic Fault Information
Circuit Short to Ground Open/High Short to Signal
Resistance Voltage Performance
B+ - P0621 - -
Control¢ L Terminal P0621 - P0621 -
Signak F Terminal P0622 - P0622 P0622

8.1.2.16.3Circuit/System Description

The engine control module (ECM) uses the generator field duty cycle signal circutgrorifkal circuit, to monitor

the duty cycle of thggenerator. The generator field duty cycle signal circuit connects to high side of the field windings
in the generator. A pulse width modulated (PWM) high side driver in the voltage regulator turns the field windings on
and off. The ECM uses the PWM signplt to determine the generator load on the engine. This allows the ECM to
adjust the idle speed to compensate for high electrical loads. The ECM monitors the status of the generator field duty
cycle signal circuit. When the ignition is ON and the engiradf, the ECM should detect a duty cycle near 0%. When
the engine is running, the duty cycle should be betwee®%%.

8.1.2.16.4Conditions for Running the DTC

1 Ignition ON, engine OFF (Prior to Ignition ON, the ignition must have been OFF for at least 5 s)
1  Enginerunning at less than 3,000 RPM

8.1.2.16.5Conditions for Setting the DTC

DTC P0621 is not set

Ignition ON, engine OFF (Prior to Ignition ON, the ignition must have been OFF for at least 5 s), the ECM detects a
PWM signal that is greater than 65% for 5 s

1 Enginerunning at less than 3,000 RRM'he ECM detects a PWM signal that is less than 5% for 30 s

1
1

8.1.2.16.6Action Taken When the DTC Sets
DTC P0622 is atype C DTC
8.1.2.16.7Conditions for Clearing the DTC

1 Ignition ON, Engine OEEow / no PWM signal detected
1  Engine running A 5,90% duty cycle is detected
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8.1.2.16.8Reference Information

Schematic Reference
Starting and Charging Schematics

Connector End View Reference
Component Connector End Views

Description and Operation
Charging System Description and Operation

Electrical InformationReference
1 Circuit Testing
1 Connector Repairs
1 Testing for Intermittent Conditions and Poor Connections
1  Wiring Repairs

DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions

Scan Tool Reference
Control Module Referencder scan tooinformation

8.1.2.16.9Circuit/System Verification

Note:
Do not have a battery charger connected during the generator testing.

1. Engine running.
2. Verify the scan tool Engine Control Module Generatdefninal Signal parameter is betweeg98%.
t If not between 5£90%
Refer to Circuit/System Testing.
p If between 590%
3. Verify the scan tool GeneratorTierminal Signal parameter changes when commanding the headlamps ON and
OFF.
t If the parameter does not change
Refer to Circuit/System Testing.
p If the parameter changes
4. Operate the vehicle within the Conditions for Running the DTC. You may also operate the vehicle within the
conditions that you
observed from the Freeze Frame/Failure Records data.
5. Verify the DTC does not set.
t If the DTC set
Refer to Circuit/System Testing.
p If the DTC does not set
6. All OK.
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8.1.2.16.10. Circuit/System Testing

1. Verify a test lamp illuminates between the G13 Generator B+ circuit terminal A X1, A X2, B X2 or 1 X2, and ground.
t If the test lamp does not illuminate and the circuit fuse is good
1.1. Remove the test lamp and disconnect the B+ cable at the G13 Generator.
MOPHD ¢Sad F2NJ £Saa GKIYy w m Ay GKS . b OANDdIAG SyR (2
t If 2mor greater, repair the open/high resistancetire circuit.
t If less than 2w, verify the fuse is not open and there is voltage at the fuse.
t If the test lamp does not illuminate and the circuit fuse is open
1.1. Remove the test lamp, disconnect the battery negative cable, and disconnect the GdatGeB+
cable.
1.2. Test for infinite resistance between the B+ circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
t If infinite resistance, test or replace the G13 Generator.
p If the test lamp illuminates
2. Disconnect the X1 harness connector at the G13 Generator, engine running.
3. Verify the scan tool Engine Control Module Generatdefmninal Signal parameter is less than 5%.
t 1f 5% or greater
3.1. Ignition OFF, disconnect the harness connector ak@Engine Control Module, ignition ON.
3.2. Test for less than 1 V between the signal circuit terminal 2 and ground.
+ If 1V or greater, repair the short to voltage on the circuit.
t Ifless than 1V, replace the K20 Engine Control Module.
p If less than 5%
4. Install a 3 A fused jumper wire between the signal circuit terminal 2 and B+, engine running.
5. Verify the scan tool Engine Control Module Generatbefminal Signal parameter is greater than 95%.
t 1f 95% or less
5.1. Ignition OFF, remove thenjper wire, disconnect the harness connector at the K20 Engine Control
Module.
5.2. Test for infinite resistance between the signal circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance
pPod ¢Sad F2NI £Saa Ky W m Ay (GKS araaylrf OANDdzAG Sy
t If 2mor greater, repair the open/high resistance in the circuit
pLT £S83aa GKIFIYy H mX NBLXIOS GKS Yun 9y3IAyS /2y (NP
p If greater than 95%
6. Test or replace the G13 Generator.

8.1.2.16.11. Repairlnstructions

Perform theDiagnostic Repair Verificati@iter completing the repair.
1 Generator Replacement

1 Control Module Referencder engine control module replacement, programming, and setup
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8.1.3.Repair instructions
8.1.3.1Battery Current Sensor Replacement

8.1.3.1.1. Renvoval Procedure

1. Remove the HoodRrefer to Hood in Body Repair

2. Remove the chassis ground nut (3)
3. Disconnect the battery current sensor from the body harness connétjor
4. Cut any wire ties on the battery current sensor (1).

VANDERHALL

Note:

Observe the position of the battery current sensor when removing.

5. Slide the battery current sensénom the ground wire

8.1.3.1.2. Installation Procedure

1. Install the battery current sensamto the battery negative cable.

2. Attach the battery current sensor to theatiery negative cable with wire ties

3. Install the battery negative cabl@)frame ground terminahnd bolt (3) Tighten to 22Nm (16 Ib ft).
4. Install the HoodRefer to Hood in Body Repair

REVISION1.0
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8.1.3.2 Battery Positive and Negative Cable Replacement
8.1.3.2.1. Removal Procedure

1. Remove the HoodRefer to Hood in Body Repair
2. Disconnect the negative battery cable. RefeBtuitery Negative Cable Disconnection and Connection (Battery to Chassis).

3. Remove the chassis ground nut(1)
4. Remove the fuse block and jump post cablears.

5. Remove the battery positive nut (1) and the battery positive cable (2), from the battery positive cable junction block.
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6.

7. Remove thebattery negative cable stud/nut (1) and the starter solenoid nut (2).

Note:
Visualize the routing of the battery positive and negative cable within the engine compartment

8. Remove the battery positive and negative cable (1) from the engngpartment.
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8.1.3.2.2. Installation Procedure

Caution:

Refer toFastener Caution.

1. Install the battery positive cable (3) to the back of the generator and tighten nut (2) to 20 Nm (15 Ib ft).

1 2 n .
=1 |
b 3
} .J R_#‘:E__". ‘T_:
3 J Sl
e ||

i

2. Install the battery positive cable (3) to the starter solenoid and tighten nut (2) to 12 Nm (9 Ib ft).
3. Install the battery negative cable to the starter and tighten the stud/nut (1) to 25 Nm (18 Ib ft).

50
REVISION1.0
RELEASE DAJE&6/2017



VeniceService Manual gg

Engine / Propulsion

VANDERHALL

4. Install the battery negative cable nut (1) ariék battery negative cable (2), to the chassis frame stud and tighten to 22 Nm
(16 Ib ft).

5. Install the battery positive cable (2) to the battery positive cable extension cable junction block and tighten nut (1) to 12
Nm (9 Ib ft).

Connect the negativeditery cable. Refer tBattery Negative Cable Disconnection and Connection (Battery to Chassis).
Install the fuse block and battery positive cable cover.

8. Install the HoodRefer to Hood in Body Repair

N o
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8.1.3.3.Battery Negative Cable Replacement

Callout | Component Name

Preliminary Procedures

1.Slide the Right Seat fully forward

2.Remove Battery Hatch Cover

3. Ensure that all lamps and accessories are turned off.
4. Turn the ignition OFF and remove the ignition key.

Battery Negative Cableastener

Warning: Refer to Battery Disconnect Warning.
1 Caution: Refer to Fastener Caution.

Tighten

4.5 Nm (40 Ib in)

Battery Negative Cable

Procedure

2 1. Disconnect the battery negative cable from the battery.

2. After connecting the battery negative dapinsert the ignition key and turn the ignition to the ON position.
3. Program the volatile memory. Refer@mntrol Module References.

Battery Negative Frame Ground Nut
3 Tighten
22 Nm (16 Ib ft)
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8.1.3.4 Battery Positive Cable Replacement (Fuse Bloclump Post)
8.1.3.4.1. Removal Procedure
1. Remove the HoodRrefer to Hood in Body Repair

2. Disconnect the negative battery cable. RefeBtuitery Negative Cable Disconnection and Connection (Battery to Chassis).
3. Remove thainder hoodfuse block cover.

4. Remove the battery positive nut (1) and the battery positive cabl (2), from the Junction Block

5. Remove the battery positive cable nut (1) from the battery positive cable junction block.
6. Remove the battery positive cable (2) from the vehicle.
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8.1.3.4.2. Installation Procedure

Note:

Refer toFastener Caution.

Install the battery positive cable (2) to thader hoodfuse block and tighten nut (1) to 7 Nm (62 Ib in).

2.
3. Install theunder hoodfuse block cover.
4. Connect the negative battery cable. RefeBattery Negative Cable Disconnection and Connection (Battery to Qhassis
5. Install the HoodRefer to Hood in Body Repa
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8.1.3.5.Battery Positive Cable Replacement (Main Breaker to Jump Post )
8.1.3.5.1. Removal Procedure

1. Disconnect the negative battery cable. RefeBuitery Negative Cable Disconnection and Connection (Battery to Chassis).
2. Remove Battery Refer t®attery Replacement

Disconnect the Positive battery cable (Main Breaker to Jump Post) (1) from the Main Breaker (2)
Remove the HooRefer to Hood in Body Repair

Remove the CowlIRefer to Cowl in Body Repair

Remove the Right (Passenger) Rocker P&wdtr toRocker Panel in Body Repair

o gk w

Remove the battery positive cable junction (1)
Unscrew the battery jump post

Remove positive the battery cable from the jump post
0. Remove the positive battery cable from chassis

B © oo~
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8.1.3.5.2. Installation Procedure

1. Feed the battencable through the chassis

Connect the battery cable to the jump post and tighten jump post to 4.5 Nm (40 Ib in)
Connect the battery positive cable junction to the battery jump post and tighten to 4.5 Nm (40 Ib in)
Install the Right (Passenger) Rocker Pdreler to Rocker in Body Repair

Install the CowlRefer to Cowl in Body Repair

Install the Hood Refer to Hood in Body Repair

SRR

7. Connect the Positive battery cable (Main Breaker to Jump Post) (1) from the MaikeB(2)
8. Connect the negative battery cable. RefeBattery Negative Cable Disconnection and Connection (Battery to Chassis).
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8.1.3.6.Battery Replacement
8.1.3.6.1. Removal Procedure
1. Slide the Right Seat fully forward

2. Remove Battery Hatch Cover
3. Disconnect the negativedttery cable. Refer to Battery Negative Cable Disconnection and Connection.

Remove the battery retainer nut (1) and the battery retainer (2).
Slide battery forward until the positive battery cable can be accessed
Remove positive battergable

Remove battery

No ok

8.1.3.6.2. Installation Procedure

Insert the battery in to the battery tray about one third of the way.
Connect the positive battery cable and tighten to 4.5 Nm (40 Ib in)
Slide battery fully in to battery tray

Connect negative battery cable éitighten 4.5 Nm (40 Ib in)

Tighten the lattery retainer bolt (1) to 22 Nr(iL6 Ib ft).

Install Battery Hatch cover

Slide the passenger seat back

NogahrwdhRE
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8.1.3.7 Starter Replacement

8.1.3.7.1. Removal Procedure

1. Disconnect the battery negative cable. RefeBuitery NegativeCable Disconnection and Connection.
2. Raise and support the vehicleefer to Lifting and Jacking the Vehicle.

Remove the battery positive cable fastener (2) and the battery positive cable terminal (1), from the starter solenoid.
Remove the startebattery positive fastener (3) and the positive terminal (4), from the starter solenoid.

5. Remove the battery negative cable fastener (5) and the battery negative ground terminal (6), from the starter mounting
stud.

Pow

6. Remove the starter mounting fastenerg @nd remove the starter from the vehicle.
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8.1.3.7.2. Installation Procedure

1. Install the starter (2).

VANDERHALL

Caution:

Refer toFastener Caution.

2. Install the starter fasteners (1) and tighten to 25 Nm (18 Ib ft).

——— — - _ 1
e v e s

3. Install the ground cable (6).

4. Install the ground cable fastener (5) and tighten to 12.5 Nm (111 Ib in).

5. Install the starter positive cable (4) to starter.

6. Install the starter positive cable fastener (3) and tighten to 12.5 Nm (111 Ib in).
7. Install the battery positive cable terminal (1)

8. Install the battery positive cable fastener (2) and tighten to 12.5 Nm (111 Ib in).
9. Lower the vehicle.

1

0. Connect the battery negative cable. RefeBtattery Negative Cable Disconnection and Connection.
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8.1.3.8.Generator Pulley Replacement

Generator PulleyReplacement

Callout | Component Name

Preliminary Procedure
Remove the generator. Refer @enerator Replacement.

1 Generator Pulley Nut Cap

Generator Pulley Nut
Caution: Refer to Fastener Caution.

Procedure
Remove the generator pulley nut by using-&\2 counterhold .

Tighten
90 Nm (66 Ib ft)

Special Tools
EN6372 Counterhold
For equivalent regional

3 Generator Pulley

4 Generator
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8.1.3.9.Generator Replacement

8.1.3.9.1. Removal Procedure

Remove the HooRefer to Hoodn Body Repair

Disconnect the negative battery cable. RefeBtaitery Negative Cable Disconnection and Connection.
Raise and support the vehicle. Refeltliing and Jacking the Vehicle.

Remove the drive belt. Refer forive Belt Replacement.

Remove the drive belt tensioner. Referlfoive Belt Tensioner Replacement.

ISAE A o

6. Remove the engine harness connector (1) and the battery positive cable generator fastener (2).
7. Remove the battery positive cable (3) from the back of the generator.

8. Remove tle generator mounting fasteners (1) and remove the generator (2) from the engine.

61
REVISION1.0
RELEASE DAJE&6/2017



VeniceService Manual

Engine / Propulsion

VANDERHALL

8.1.3.9.2. Installation Procedure

Caution:

Refer toFastener Caution.

1. Install the generator (2) with the mounting fasteners (1) and tighten to 35 Nm (26 Ib ft).

N

Install the battery positive cable (3) and the engine harness connector (1) to the back of the generator. Tighten fgstener (2
to 9 Nm (80 Ib in).

Install the drive belt tensioner. Refer Erive Belt Tensioner Replacement.

Install the drive belt. Refer tbrive Belt Replacement.

Connect the negative battery cable. RefeBattery Negative Cable Disconnection and Connection.

Install the HoodRefer to Hood in Body Repair

o Uk w
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8.1.4.Specifications
8.1.4.1 Fastener Specifications
Fastener Specifications
Application Specification

Metric English
Battery Ground Cable Fastener 9 Nm 80 Ib ft
Battery Ground Cable to Battery Negative Ca 9 Nm 80 Ib ft
Fastener
Battery Hold Down Retainer Fastener 22 Nm 16 Ib ft
Battery Negative Cable Ground Fastener (Eng 22Nm 16 Ib ft
Block)
Battery Negative Cable Ground Fastener (Frame) 22 Nm 16 Ib ft
Battery Negative Cable Fastener 4.5 Nm 40 Ib ft
Battery Positive Cable Fastener 4.5 Nm 40 Ib ft
Battery Positive Cable to Battery Junction BlIg 7 Nm 62 Ibin
Fastener
BatteryPositive Cable to Unddrood Fuse Block 7 Nm 62 Ibin
Generator Mounting Fastener 35 Nm 26 Ib ft
Generator Positive Cable Fastener 20 Nm 15 1b ft
Generator Pulley Fastener 90 Nm 66 Ib ft
StarterMounting Fastener 25 Nm 18 Ib ft
Starter Stud 25 Nm 18Ib ft
Starter Ground Cable Fastener 12.5 Nm 111 lbin
Starter Positive Cable Fastener 9 Nm 80 Ibin
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8.2. Engine Controls/Fuel 1.4L
8.2.1.Description and Operation
8.2.1.1 Engine Control Module Description

The Engine Control Module (ECM) interacts with many emissilated components and systems, and monitors emission
related components and systems for deterioration. OBD Il diagnostics monitor the system performance and a diagnostic
trouble code (DTC) sets if the system performance degrades. The ECM is part ofoek reetdl communicates with various

other vehicle control modules.

Malfunction indicator lamp (MIL) operation and DTC storage are dictated by the DTC type. A DTC is ranked as a Type A or Type
B if the DTC is emissions related. Type C is &nossions releed DTC.

The ECM is the control center of the engine controls system. Review the components and wiring diagrams in order to
determine which systems are controlled by the ECM.

The ECM constantly monitors the information from various sensors and other inputs, and controls the systems that affect
engine performance and emissions. The ECM also performs diagnostic tests on various parts of the system and can turn on the
MIL when itrecognizes an operational problem that affects emissions. When the ECM detects a malfunction, the ECM stores a
DTC. The condition area is identified by the particular DTC that is set. This aids the technician in making repairs.

8.2.1.1.1. ECM Function

The ECM can pply 5 V or 12 V to various sensors or switches. This is done through pullup resistors to regulated
power supplies within the ECM. In some cases, even an ordinary shop voltmeter will not give an accurate reading due
to low input resistance. Therefore, agital multimeter (DMM) with at least 10 megaohms input impedance is
required in order to ensure accurate voltage readings.

The ECM controls the output circuits by controlling the ground or the power feed circuit through transistors or a
device called anutput driver module.

8.2.1.1.2. EEPROM

The electronically erasable programmable read only memory (EEPROM) is an integral part of the ECM. The EEPROM
contains program and calibration information that the ECM needs in order to control engine operation.

Special equiprent, as well as the correct program and calibration for the vehicle, are required in order to reprogram
the ECM.

8.2.1.1.3. Data Link Connector (DLC)

The data link connector (DLC) provides serial data communication for ECM diagnosis. This connector allows the
technician to use a scan tool in order to monitor various serial data parameters, and display DTC information. The DLC
is located inside the driver's compartment, underneath the instrument panel.

8.2.1.1.4. Malfunction Indicator Lamp (MIL)

The malfunction indicator lamgMIL) is inside the instrument panel cluster (IPC). The MIL is controlled by the ECM
and illuminates when the ECM detects a condition that affects vehicle emissions.

8.2.1.1.5. ECM Service Precautions

The ECM, by design, can withstand normal current draws that aecided with vehicle operations. However, care
must be used in order to avoid overloading any of these circuits. When testing for opens or shorts, do not ground or
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apply voltage to any of the ECM circuits unless the diagnostic procedure instructs yowsto These circuits should
only be tested with a DMM unless the diagnostic procedure instructs otherwise.

8.2.1.1.6. Emissions Diagnosis For State I/M Programs

This OBD Il equipped vehicle is designed to diagnose any conditions that could lead to excessive thevdtdlawving
emissions:

1 Hydrocarbons (HC)

1  Carbon monoxide (CO)

1  Oxides of nitrogen (NOXx)

1 Evaporative emission (EVAP) system losses
Should this vehicle's onboard diagnostic system (ECM) detect a condition that could result in excessive emissions, the ECM
turns ON the MIL and stores a DTC that is associated with the condition.

8.2.1.1.7. Aftermarket (AddOn) Electrical And Vacuum Equipment

Caution:
Do not attach adebn vacuum operated equipment to this vehicle. The use of-@midracuum
equipment may result in damage vehicle components or systems.

Caution:
Connect any addn electrically operated equipment to the vehicle's electrical system at the
battery (power and ground) in order to prevent damage to the vehicle.

Aftermarket, addon, electrical andvacuum equipment is defined as any equipment installed on a vehicle after
leaving the factory that connects to the vehicle's electrical or vacuum systems. No allowances have been made in the
vehicle design for this type of equipment.

Add-on electrical egipment, even when installed to these strict guidelines, may still cause the powertrain system to
malfunction. This may also include equipment not connected to the vehicle electrical system, such as portable
telephones and radios. Therefore, the first stepdiagnosing any powertrain condition is to eliminate all of the
aftermarket electrical equipment from the vehicle. After this is done, if the problem still exists, the problem may be
diagnosed in the normal manner.

8.2.1.1.8. Electrostatic Discharge (ESD) Damage

Caution:
In order to prevent possible electrostatic discharge damage to the ECM, DO NOT tou
connector pins on the ECM.

The electronic components that are used in the control systems are often designed to carry very low voltage. These
electronic canponents are susceptible to damage caused by electrostatic discharge. Less than 100 V of static
electricity can cause damage to some electronic components. By comparison, it takes as much as 4,000 V for a person
to even feel a static discharge.

There areseveral ways for a person to become statically charged. The most common methods of charging are by
friction and by induction. An example of charging by friction is a person sliding across a car seat.

Charging by induction occurs when a person with wedlliated shoes stands near a highly charged object and
momentarily touches ground. Charges of the same polarity are drained off leaving the person highly charged with the
opposite polarity. Static charges can cause damage, therefore, it is important twatsevhen handling and testing
electronic components.
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8.2.1.1.9. Emissions Control Information Label

The underhood/ehicle Emissions Control Information Label contains important emission specifications. This identifies the year,
the displacement of the engine in liters, and the class of the vehicle.

8.2.1.2.Camshaft Actuator System Description

Crankshaft Position Sensor }—b . Camghatt
| Camshaft Position| | Camshaft Position Position
Actuator Control Actuator Solenoid Actuator

‘ Camshaft Position Sensor }—.
Engine Load |—b

Engine Coolant Temperatura Sensor l—b'

Engine Ol Pressure Sensor l—b

Engine Oil Prassura |

ERR R e

8.2.1.2.1. Camshaft Position (CMP) Acitor System

The camshaft position (CMP) actuator system is an electrohydraulic operated device used for a variety of engine
performance and operational enhancements. These enhancements include lower emission output through exhaust
gas dilution of the intad charge in the combustion chamber, a broader engine torque range, and improved fuel
economy. The CMP actuator system accomplishes this by changing the angle or timing of the camshaft relative to the
crankshaft position. The CMP actuator simply allowsieraol later intake and exhaust valve opening during the four
stroke engine cycle. The CMP actuator cannot vary the duration of valve opening, or the valve lift.

During engine Off, engine idling conditions, and engine shutdown, the camshaft actuattd is biee Park position.
Internal to the CMP actuator assembly is a return spring and a locking pin. Duringhasing modes of the
camshaft, the return spring rotates the camshaft back to the Park position, and the locking pin retains the CMP
actuator spocket to the camshaft.

8.2.1.2.2. CMP Actuator System Operation

The CMP actuator system is controlled by the engine control module (ECM). The ECM sends a signal to a CMP
actuator solenoid in order to control the amount of engine oil flow to a Cam Actuator pasEag@ressurized engine

oil is sent to unseat the locking pin, and to the vane and rotor assembly of the CMP actuator. There are 2 different
passages for oil to flow through, a passage for cam advance and a passage for cam retard. The Cam Actuator is
attached to a camshaft and is hydraulically operated in order to change the angle of the camshaft relative to
crankshaft position (CKP). Engine oil pressure (EOP), viscosity, temperature and engine oil level can have an adverse
effect on Cam Actuator performance
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8.2.1.3.Electronic Ignition System Description
8.2.1.3.1. Electronic Ignition System Operation

The electronic ignition system produces and controls the high energy secondary spark. This spark ignites the
compressed air/fuel mixture at precisely the correct time, provgdaptimal performance, fuel economy, and control

of exhaust emissions. The engine control module (ECM) collects information from the crankshaft position sensor and
the intake/exhaust camshaft position sensors to determine the sequence, dwell, and timihg spark for each
cylinder. The ECM transmits a frequency signal to the ignition coil module on the individual ignition control circuits to
fire the spark plugs.

8.2.1.3.2. Crankshaft Position Sensor

The crankshaft position sensor is an externally magneticallsediaigital output integrated circuit sensing device.

The sensor provides a pulse for each magnetic pole of the encoder wheel on the crankshaft. The sensor produces an
ON/OFF DC voltage of varying frequency, with 58 output pulses per crankshaft revolti®rirequency of the

sensor output depends on the velocity of the crankshaft. The ECM uses sensor signal pulse to determine crankshaft
speed and position to calculate the best timing for ignition and fuel injection. The ECM also uses the crankshaft
position sensor information to control camshaft phasing and to detect cylinder misfire.

The ECM also has a dedicated replicated crankshaft position sensor signal output circuit that may be used as an input
signal to other modules for monitoring engine RPM.

Thecrankshaft position sensor is connected to the engine control module by the circuits listed below:
T A5V reference circuit
1 Alow reference circuit
1 Asignal circuit

8.2.1.3.3. Crankshaft Encoder Wheel

The crankshaft encoder wheel is part of the crankshaft. The ercmtieel consists of 58 tooth and a reference gap.
Each tooth on the encoder wheel is spaced 6° apart with a 12° space for the reference gap. The pulse from the
reference gap is known as the sync pulse. The sync pulse is used to synchronize the igihitioodele firing
sequence with the crankshaft position while the other tooth provides cylinder location during a revolution.

8.2.1.3.4. Camshaft Position Sensors

The intake and exhaust camshaft position sensors are each triggered by a notched reluctor wheetdtiile @amshaft
sprockets. The four signal pulses occur every camshaft revolution. Each notch is a different size which is used to identify
the compression stroke of each cylinder and to enable sequential fuel injection. The camshaft position sensors are
connected to the ECM by the circuits listed below:

T A5V reference circuit

1  Alow reference circuit

1 Asignal circuit

8.2.1.3.5. Knock Sensor

The knock sensor system enables the control module to control the ignition timing for the best possible performance
while protecting the engine from potentially damaging levels of detonation, also known as spark knock. The knock
sensor system uses 1 or 2 flat response 2wire sensors. The sensor uses piezoelectric crystal technology that produces
an AC voltage signal of varying aitygle and frequency based on the engine vibration or noise level. The amplitude

and frequency depend upon the level of knock that the knock sensor detects. The control module receives the knock
sensor signal through the high and low signal circuits.

The ontrol module learns a minimum noise level, or background noise, at idle from the knock sensor and uses
calibrated values for the rest of the RPM range. The control module uses the minimum noise level to calculate a noise
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channel. A normal knock sensorrsagwill ride within the noise channel. As engine speed and load change, the noise
channel upper and lower parameters will change to accommodate the normal knock sensor signal, keeping the signal
within the channel. In order to determine which cylindere &nocking, the control module only uses knock sensor
signal information when each cylinder is near top dead center (TDC) of the firing stroke. If knock is present, the signal
will range outside of the noise channel.

If the control module has determined that knock is present, it will retard the ignition timing to attempt to eliminate
the knock. The control module will always try to work back to a zero compensation level, or no spark retard. An
abnormal knock sensor sigl will stay outside of the noise channel or will not be present. Knock sensor diagnostics
are calibrated to detect faults with the knock sensor circuitry inside the control module, the knock sensor wiring, or
the knock sensor voltage output. Some diagitssare also calibrated to detect constant noise from an outside
influence such as a loose/damaged component or excessive engine mechanical noise.

8.2.1.3.6. Ignition Coil Module

The ignition coil module integrates the 4 coils and the ignition control module watkingle sealed component.
The ignition coil module has the following circuits:
1  Anignition voltage circuit
1 Aground
1 Alow reference circuit
1 4 ignition coil control circuits
The ECM controls the individual coils by transmitting timing pulses on theoigitil control circuit to each ignition
coil to enable a spark event.
The spark plugs are connected to each coil by a short boot. The boot contains a spring that conducts the spark energy
from the coil to the spark plug. The spark plug electrode is coattdplatinum for long wear and higher efficiency.

8.2.1.3.7. Engine Control Module (ECM)

The ECM controls all ignition system functions and constantly adjusts the spark timing. The ECM monitors information from
various sensor inputs that include the following:

= =4 =8 =4 -8 -8 - -8

Thecrankshaft position sensor

The accelerator pedal position (APP)

The manifold absolute pressure (MAP) sensor
The intake air temperature (IAT) sensor

The vehicle speed sensor (VSS)

The engine knock sensor

The engine coolant temperature (ECT) sensor
The massirflow (MAF) sensor

The camshaft position sensors
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8.2.1.4.Throttle Actuator Control (TAC) System Description

Accelerator Pedal Assembly /P

. APP Sensor 1 !
Reduced Engine Power Lam
. APP Sensor 2 (if agquippad} P

Y

_____ ~ICM
if equipp
Cruise Control Switch > EC M e
(if equipped)
Throttle Body
« TP Sensor i Jd 0 T (if equipped)

. TP Sensor 2

. Throttle Actuator Motor |«

The engine control module (ECM) is the control center for the throttle actuator control (TAC) system. The ECM determines the
driver's intent based omnput from the accelerator pedal position sensors, then calculates the appropriate throttle response
based on the throttle position sensors. The ECM achieves throttle positioning by providing a pulse width modulated voltage to
the throttle actuator motor.The throttle blade is spring loaded in both directions, and the default position is slightly open.

8.2.1.4.1. Modes Of Operation

Normal Mode
During the operation of the TAC system, several modes, or functions, are considered normal. The following modes may be
entered during normal operations:
1 Minimum pedal value At keyup, the ECM updates the learned minimum pedal value.
1 Minimum throttle position values At keyup, the ECM updates the learned minimum throttle position value. In order
to learn the minimum throttle pasion value, the throttle blade is moved to the Closed position.
1 Ice break mode If the throttle blade is not able to reach a predetermined minimum throttle position, the ice break
mode is entered. During the ice break mode, the ECM commands the maximsenwpdth several times to the
throttle actuator motor in the closing direction.
1  Minimum pedal value At keyup, the ECM updates the learned minimum pedal value.
1 Battery saver mode After a predetermined time without engine RPM, the ECM commands the Batiggr S10de.
During the Battery Saver mode, the TAC module removes the voltage from the motor control circuits, which removes
the current draw used to maintain the idle position and allows the throttle to return to the spring loaded default
position.

Reducel Engine Power Mode
When the ECM detects a condition with the TAC system, the ECM may enter a reduced engine power mode. Reduced engine
power may cause one or more of the following conditions:
1  Acceleration limiting The ECM will continue to use the accetergpedal for throttle control, however, the vehicle
acceleration is limited.
1 Limited throttle mode The ECM will continue to use the accelerator pedal for throttle control, however, the
maximum throttle opening is limited.
1 Throttle default mode The ECM will turn OFF the throttle actuator motor, and the throttle will return to the spring
loaded default position.
1 Forced idle mode The ECM will perform the following actions:
C Limit engine speed to idle positioning the throttlegition, or by controlling the fuel and spark if the throttle is
turned OFF.
C Ignore the accelerator pedal input.
1  Engine shutdown modeThe ECM will disable fuel and-daergize the throttle actuator.
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8.2.1.4.2. Turbocharger System Description

12

14

—
T

4

(1) Turbocharger Bypass Solenoid Valve

(2) Multifunction Intake Air Sensor

(3) Turbocharger Wastegate Regulator Solenoid Valve

(4) Turbocharger

(5) Turbocharger Bypass Valve

(6) Turbocharger Wastegate Actuator

(7) Engine Exhaust Manifold

(8) Manifold Absolute Pressure (MAP) Sensor
(9) Vacuum Tank (Integral to Intake Manifold)

(10) Intake Manifold
(11) Throttle Body

(12) Intake Air (Boost) Pressure aneimperature Sensor

(13) Charge Air Cooler

(14) Engine Control Module (ECM)
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8.2.1.4.3. Turbocharger Description and Operation

A turbocharger is a forced induction device used for increasing power output of an internal combustion engine. By
using the exhast gas forces to compress intake air, a turbocharged engine is more powerful and efficient than a
naturally aspirated engine with the same displacement. The -daall turbocharger is mounted on the exhaust
manifold and the lightweight turbine is drivery lthe waste energy generated by the flow of the exhaust gases. The
turbine is connected by a shaft to the compressor which is mounted in the induction system of the engine. The
compressor vanes compress the intake air above atmospheric pressure, theegtily gncreasing the density of the

air entering the engine.

The turbocharger incorporates a wastegate that is controlled by the ECM, by means of a pulse width modulated
(PWM) solenoid, to regulate the pressure ratio of the compressor. An integral tuabgpehbypass valve, controlled

by the ECM through a remotely mounted solenoid, is used to prevent compressor surging and damage by opening
during abrupt closed throttle conditions. The bypass valve opens during closed throttle deceleration conditiohs, whic
allows the air to recirculate in the turbocharger and maintain compressor speed. During a wide open throttle
command, the bypass valve closes to optimize turbo response.

The turbocharger is connected to the engine oiling system by a supply and draimidbsynthetic oil is installed at
the factory. Synthetic oil is required for its frictivaducing capabilities and higkemperature performance. There is
a cooling system circuit in the turbocharger that utilizes the engine coolant to further reducatoetemperatures.
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8.2.1.4.4. Turbocharger Wastegate Solenoid Valve

The wastegate valve opens and closes a bypass passage beside the turbine wheel. A spiral spring works in the closing
direction while the pressure in the diaphragm works in the opening direclibe. ECM supplies a PWM signal to the
solenoid valve, which then allows pressure from the turbo to come through. When the pressure overcomes the spring
force the actuator rod begins to move, opening the wastegate valve to a corresponding degree. The BGas cha
wastegate valve opening by varying the PWM signal, which regulates the turbine speed.

At low loads, the wastegate valve is closed. All the exhaust gas then passes through the turbine. At high loads, the
volume of exhaust gas is greater, which makbs turbine wheel rotate faster. This delivers a greater air
displacement to the engine.

When the air displacement becomes so large that the current air mass per combustion cannot be controlled with the
throttle alone, the turbo must be regulated. Thisdisne by opening the wastegate valve so that some of the exhaust
gas passes through the air displacement will be correct.

When certain DTCs are set the ECM will limit the amount of available boost pressure. Limiting boost pressure is
accomplished by the BCcontrolling the wastegate actuator solenoid valve and maintaining the duty cycle at 0 %.
This means that the ECM will not actively close the wastegate during greater engine loads. The system at this point is
limited to mechanical boost. Mechanical boaseans that the wastegate will still move, but the amount of motion is
limited by the mechanical properties of the return spring within the diaphragm valve, the pneumatic properties of the
actuator, and the physics of the exhaust gas flow in the exhaustrays

The turbocharger wastegate diaphragm valve assembly has a threaded rod and nut that connects the diaphragm of
the valve to the wastegate. This rod is adjusted to factory specifications and is not adjustable. The following diagrams
illustrate the turtbcharger wastegate closed and open conditions:

Turbocharger Wastegate Closed

(1) Turbocharger Wastegate Actuator Solenoid Valve with Duty Cycle at 100 percent
(2) Compressor

(3) Turbine

(4) Exhaust Gas Pressure

(5) Spring Force

(6) TurbochargeYastegate Diaphragm Valve
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Turbocharger Wastegate Open

(1) Turbocharger Wastegate Actuator Solenoid Valve with Duty Cycle at O percent
(2) Compressor

(3) Turbine

(4) Regulating Pressure

(5) Exhaust Gas Pressure

(6) Spring Force

(7) Turbocharger WastegaDiaphragm Valve

The wastegate is completely closed at idle. All of the exhaust energy is passing through the turbine.

During normal operation, when wide open throttle is requested at lower engine speeds, the ECM commands the
wastegate solenoid with autly cycle of 100 % to minimize any turbo lag. During engine loads in the middle and upper
RPM ranges, the ECM commands the solenoid with a duty cycle of about 65 %.

8.2.1.4.5. Turbocharger Bypass Solenoid Valve

The turbocharger bypass valve prevents the turbo frewneeding the pump limit at low flow and high pressure. This
occurs when the engine is running with a load and the throttle suddenly closes. In this case, flow is almost null and
pressure is very high. This not only is damaging to the turbocharger, loug@terates noise and decelerates turbine
speed. The ECM supplies a voltage signal to the solenoid valve output driver, which regulates the open or closed valve
position.

Accelerator Pedal Depressed
The bypass valve is closed. The force in the returmgpntegrated in the valve presses the valve cone against its seat
in the turbo housing. The valve is turned OFF.

Accelerator Pedal Released

To avoid pressure spikes in the intake manifold and unloading or overrunning the turbo, the ECM sends a voltage
signal to the bypass valve, which will then open. The compressed air on the pressure side of the turbo is led to the
intake via the open valve. When the pressure drops, the turbine speed can be kept relatively high and the
turbocharger is prevented from exeding the pump limit.

8.2.1.4.6. Charge Air Cooler

The turbocharger is supported by an-trair charge air cooler system, which uses fresh air drawn through a heat
exchanger to reduce the temperature of the warmer compressed air forced through the intake systemait
temperature can be reduced by up to 100°C (180°F), which enhances performance. This is due to the higher density of
oxygen in the cooled air, which promotes optimal combustion. The charge air cooler is connected to the turbocharger
and to the thrdtle body by flexible ductwork that requires the use of special high torque fastening clamps. In order to
prevent any type of air leak when servicing the ductwork, the tightening specifications and proper positioning of the
clamps is critical, and must Is¢rictly adhered to.
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8.2.1.5.Engine Component Description
8.2.1.5.1. Cylinder Block

The cylinder hollow frame structureddline 4 cylinder. The block has 5 crankshaft bearings with the thrust bearing
located on the third bearing from the front of the engine.

8.2.1.5.2. Crankshaft

Thecrankshaft is a steel crankshaft. It is supported in 5 main journals with main bearings which have oil clearance for
lubrication. The 3rd bearing is the thrust bearing which controls the proper axial end play of the crankshaft. A
harmonic damper is usea tcontrol torsional vibration.

8.2.1.5.3. Oil Pump

The engine is equipped with a variable oil pump. The oil pump is integrated into the engine front cover and provides
different oil pressure values depending on the engine speed.

8.2.1.5.4. Qil Pan

The oil pan is a structuraluminum oil pan with transmission attachment points. The oil suction gallery for the oil
pump is integrated into the oil pan.

8.2.1.5.5. Piston and Connecting Rod

The pistons are aluminum pistons. The connecting rods are made of fractured steel. The piston pin is floating in piston
bore and shrinked in connecting rod.

8.2.1.5.6. Cylinder Head

This cylinder head is a double over head camshaft (DOHC) type and has 2 camahafpenhd valves per cylinder

with hydraulic valve lash adjusters and hydraulic valve lash adjuster arms. The cylinder head is made of cast aluminum
alloy for better strength and hardness while remaining light weight. The combustion chamber of the cilkadels
designed for increasing of squish and swirl efficiency to help maximize gasoline combustion efficiency.

8.2.1.5.7. Camshaft Drive with Variable Camshaft Timing

A timing chain is used for camshaft drive. There is a tensioner to control the tension of time Tha engine is
equipped with a variable camshaft timing system. The camshaft adjuster will readjust itself depending on the engine
speed. The valve timing readjusts to reduce fuel consumption and provide optimal power and torque.

8.2.1.5.8. Intake Manifold

The inake manifold provides the air flow passage to the combustion chambers through the throttle body. The intake
manifold along with the throttle body have an effect on engine torque, power, noise, driveability, emission, fuel
economy and performance. The ikiamanifold is made of plastic for better strength with maintaining a light weight.

8.2.1.5.9. Turbocharger

The turbocharger consists of turbine and compressor on a common shaft. The shaft bearing is constructed to higher
rotation speed and lubricated by engine dilhe turbocharger is water cooled for improved durability. The turbine
wheel is driven by exhaust emissions. The compressor wheel compresses the intake air. A bypass valve (Wastegate)
regulates the charging pressure for generating a high pressure at leedsgs well. At a defined charging pressure it
regulates the way of the exhaust emission on bypassing the turbine wheel. The Wastegate valve is controlled
pneumatic and electric from the pressure in the intake manifold. The pressure of exhaust emisgdoced by

opening the Wastegate thereby reducing the intake pressure.
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8.2.1.6.Lubrication Description

8.2.1.6.1. General Lubrication Description

Oil is applied under pressure to the crankshaft bearings (6), connecting rod bearings (7), camshaft bearings (2) ard hydrauli
lashadjusters (3). In addition the variable oil pump (9), variable camshaft phaser (1), and hydraulic chain tensioner (14) are
supplied withpressurized oil. Oil is sucked from the oil pan through the fixed screen into the variable vane type oil pemp. Th
pump is integratedn the front cover and directly driven by the crankshaft. Also integrated into the front cover is a pressure
relieve valve (8) that opens when the oil pressure is too high at a cold start. When that valve is open some oil fldwinttirect

the oil pan. Normally the pressurized oil passes into the engine oil gallery leading through the oil cooler (5) to ltee oil fi
assembly (4). The oil is cleaned by passing the filter from the outer to the inner side of the filter. Then thesoihfb the

main oil gallery. A filter bypass valve in the oil filter ensures continues oil flow in case the oil filter should bedesyrimore

than 1.7 bar. From the oil filter the oil is distributed to the crankshaft bearings, oil pump displaceomnb! chamber (10)

and cylinder head feed (11). The connecting rod bearings are supplied by oil flow passages through the crankshaft connecting
the main journals to the rod journals. A groove around each upper main bearing furnishes oil to the dhifleshaft passages.

In the cylinder head the oil is distributed to the variable camshaft phasers, chain tensioner, oil pressure switch (hj)uayd t

the restrictor orifice (13) into the camshaft feed oil gallery. From there the hydraulic valve liftdrsaanshaft bearings are
supplied with oil.

8.2.1.6.2. Variable Oil Pump Description

The engine is equipped with a variable displacement vane oil pump. It is indirect regulated by the oil pressure out @f the ma
oil gallery. The purpose of this indirect regulatisrto keep a defined maximum pressure in the main oil gallery independent of
the individual pressure drop between the pump outlet, the main gallery inlet, and the various engine components. The purpose
of the variable displacement is to reduce the powensomption of the pump to reduce the overall fuel consumption of the
engine. The oil flow of a static displacement oil pump is linear to the speed of the pump. This would lead to a too high oil
pressure after a certain engine speed (ca. 1000 rpm at cotérapperature, ca. 3000 rpm at hot oil temperatures). To reduce

that high oil pressure normal pumps have a relieve valve: a portion of the pressurized, already pumped oil is fed back to the
intake of the pump. This is waste of power. The oil flow of a WeriBisplacement Vane Pump (VDVP) as used in Fam 0 Gen 3 is
linear to the speed and to the eccentricity of the rotor to the slide. The slide is moveable, so it is possible to redhiickotive

for a given speed by reducing the eccentricity. WithaloWdr2 ¢ G KS 2Af LINBaadsaNB Aa NBRdAzOSR* L.
oil flow.
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8.2.1.7.Cleanliness and Care

An automobile engine is a combination of many of the following surfaces:

1  Machined
i Honed

1 Polished
1 Lapped

The tolerances of these surfaces are measured in thettensandths of an inch. When you service any internal engine part,
cleanliness and care are important. Apply a liberal coating of engine oil to the friction areas during assembly in aatecto p
and lubricate the surfaces on initial operation. Throughout this section, practice proper cleaning and protection protedures
the machined surfaces and to the friction areas.

Whenever you remove the valve train components, keep the components in dfdibow this procedure in order to install the
components in the same locations and with the same mating surfaces as when removed.

Warning:

Refer to Battery Disconnect Warning.

Disconnect the negative battery cables before you perform any major wotkeoangine.
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8.2.2.1.Accessory Drive Components

(1) Generator Belt

(2) Drive Belt Tensioner Bolt (short)
(3) Drive Belt Tensioner Bolt (long)
(4) Drive Belt Tensioner

(5) Upper Generator Bolt

(6) Water Pump Pulley Bolt

(7) Water Pumgrulley
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(8) Water Pump Bolt (Long)
(9) Water Pump Bolt (Short)
(10) Water Pump

(11) Generator

(12) Lower Generator Bolt
(13) Crankshaft Balancer

(14) Crankshaft Balancer Bolt
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(1) Cambaft Position Actuator Solenoid Valve Bolt

(2) Intake Camshaft Position Actuator Solenoid Valve
(3) Exhaust Camshaft Position Actuator Solenoid Valve
(4) Intake Camshaft Position Sensor Bolt

(5) Intake Camshaft Position Sensor

(6) Intake Camshaft Positi@ensor Seal Ring

(7) Engine Front Cover

(8) Engine Front Cover Gasket

(9) Exhaust Camshaft Position Sensor Seal Ring
(10) Exhaust Camshaft Position Sensor

(11) Exhaust Camshaft Position Sensor Bolt

(12) Engine Front Cover Oil Gallery Plug

REVISION1.0
RELEASE DAJE&6/2017

(13) Engine Fror€over Oil Gallery Plug Seal Ring
(14) Oil Pressure Relief Valve Piston

(15) Oil Pressure Relief Valve Spring

(16) Oil Pressure Relief Valve Plug

(17) Engine Front Cover Bolt (M10)

(18) Crankshaft Front Oil Seal

(19) Engine Front Cover Bolt (M6)

(20) WaterDrain Plug Seal Ring

(21) Water Drain Plug

(22) Exhaust Camshaft Position Actuator Solenoid Valve

Bolt
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8.2.2.3.Engine Front Cover And Oil Pump Assembly (2 of 2)

) N\
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(1) Oil Pump Cover Bolt (7) Oil Pump Slide Spring
(2) Oil Pump Cover (8) Oil Pump Slide Pivot Pin
(3) Oil Pump Vane Ring (9) Oil Pump Slide Seal
(4) Oil Pump/ane Rotor (10) Oil Pump Slide Seal Spring
(5) Oil Pump Vane (12) Oil Pump Slide
(6) Oil Pump Slide Spring Pin (12) Oil Pump Vane Ring
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(1) Timing Chain Tensioner Bolt

(2) Timing Chain Tensioner

(3) Timing Chain Tensioner Shoe

(4) Camshaft Timing Chain

(5) Intake Camshaft Sprocket Bolt (With Actuator)
(6) Intake Camshaft Position Sensor Exciter Wheel
(7) Intake Camshaft Sprock@Vith Position Actuator)
(8) Upper Timing Chain Guide Bolt

(9) Upper Timing Chain Guide
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(10) Exhaust Camshaft Sprocket (With Position Actuator)
(11) Exhaust Camshaft Position Sensor Exciter Wheel
(12) Exhaust Camshaft Sprocket Bolt (With Actuator)
(13)Timing Chain Guide Pivot Pin

(14) Crankshaft Sprocket

(15) Timing Chain Guide Right Side

(16) Timing Chain Guide Bolt

(17) Timing Chain Tensioner Shoe Bolt
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8.2.2.5.Cylinder Head Assembly

(1) Camshaft Cover

(2) Oil Level Indicator

(3) Camshia Cover Bolt

(4) Oil Filler Cap

(5) Oil Filler Cap Seal Ring

(6) Camshaft Cover Gasket
(7) Camshaft Bearing Cap Bolt
(8) Camshaft Bearing Cap

(9) Cylinder Head Bolt

(10) Valve Keys

(11) Valve Spring Retainer
(12) Valve Spring

(13) Engine Lift Bracket L&ide
(14) Engine Lift Bracket Bolt
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(15) Cylinder Head

(16) Intake Valve

(17) Exhaust Valve

(18) Engine Lift Bracket

(19) Engine Lift Bracket Bolt

(20) Engine Lift Bracket

(21) Engine Lift Bracket Bolt

(22) Oil Pressure Indicator Switch (only for 1.4L LDD)
(23) Oil Pressure Indicator Switch Seal Ring (only for 1.4L
LDD)

(24) Hydraulic Valve Lash Adjuster

(25) Hydraulic Valve Lash Adjuster Arm

(26) Exhaust Camshaft

(27) Intake Camshaft
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8.2.2.6.Intake Manifold Assemblg 1.4L

(1) Fuel Injector Fuel Rail

(2) Fuel Injector Fuel Rail Bolt

(3) Manifold Absolute Pressure Sensor

(4) Manifold Absolute Pressure Sensor Bolt

(5) Evaporative Emission Canister Purge Solenoid Valve
(6) Intake Manifold

(7) Throttle Body Seal Ring

(8) Throttle Body

(9) Throttle Body Bb

(10) Intake Manifold Gasket
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8.2.2.7 Engine Block Assemiajyl.4L

(1) Transmission Guide Sleeve

(2) Transmission Guide Sleeve

(3) Cylinder Head Guide Sleeve

(4) Cylinder Head

(5) Cylinder Head Guide Sleeve

(6) Knock Sensor

(7) Knock Sensor Bolt

(8) Upper Crankshaft Thrust Bearing
(9) Upper Crankshaft Bearing

(10) Crankshaft

(11) Lower Crankshaft Bearing

(12) Lower Crankshaft Thrust Bearing
(13) Crankshaft Bearing Cap Tie Plate
(14) Crankshaft Bearing Cap Tie Plate Bolt (M10)
(15) Oil Pan Baffle

(16)Oil Pan Baffle Bolt

(17) Oil Pan

(18) Oil Pan Bolt

(19) Oil Pan Drain Plug

(20) Crankshaft Position Sensor Bolt
(21) Crankshaft Position Sensor
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(22) Crankshaft Position Sensor Seal Ring

(23) Crankshaft Bearing Cap Tie Plate Bolt (M8)
(24) Piston Oil Nozzle

(25) Crankshaft Position Sensor Reluctor Ring
(26) Crankshaft Position Sensor Reluctor Ring Bolt
(27) Crankshaft Rear Oil Seal

(28) Engine Flywheel (Two Mass)

(29) Engine Flywheel Bolt

(30) Connecting Rod Bearing Cap Bolt

(31) Connecting Rod Bearing Cap

(32) Lower Connecting Rod Bearing

(33) Upper Connecting Rod Bearing

(34) Connecting Rod

(35) Piston Pin

(36) Piston Pin Retainer

(37) Piston Pin Retainer

(38) Piston

(39) Piston Oil Ring (With Oil Ring Spacer)

(40) Lower Compression Ring

(41) Upper Compreason Ring
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(1) Positive Crankcase Ventilation Pipe Assembly
(2) Exhaust Manifold Gasket

(3) Turbo Charger Oil Feed Pipe Hollow Screw

(4) Turbo Charger Oil Feed Pipe

(5) Turbo Charger Oil Feed Pipe Bolt

(6) OilCooler Coolant Outlet Hose

(7) Oil Cooler Coolant Outlet Hose Clamp

(8) Oil Cooler Coolant Feed Pipe Bolt

(9) Oil Cooler Coolant Feed Pipe

(10) Engine Oil Cooler Assembly

(11) Catalytic Converter Bracket

(12) Catalytic Converter to Catalytic ConveBeacket Nut
(13) Turbocharger Coolant Return Pipe

(14) Turbocharger Coolant Feed Pipe

(15) Turbocharger Coolant Feed Pipe Hollow Screw
(16) Heated Oxygen Sensor 1

(17) Catalytic Converter

(18) Catalytic Converter Heat Shield

(19) Catalytic Converter Hedhigld Bolt

REVISION1.0
RELEASE DAJE&6/2017

(20) Catalytic Converter Seal

(21) Catalytic Converter VClamp

(22) Turbocharger Oil Return Pipe

(23) Turbocharger Oil Return Pipe Bolt
(24) Exhaust Manifold Heat Shield

(25) Exhaust Manifold Heat Shield Bolt
(26) Turbocharger (with Exhaust Maoid)
(27) Engine Oil Pressure Switch
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8.2.2.9.1. Engine Number

v

VANDERHALL

Note:

replacement.

The engine identification number must be stamped to the cylinder block in case of e

The engine number is stamped to the engine block (1).
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8.2.3.Diagnostic Information and Procedures
8.2.3.1.Symptoms Engine Controls
8.2.3.1.1. Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.1.2. Symptoms Description

Symptoms cover conditions that are not covered by DTCs. Certain conditions can cause multiple symptoms. These
conditions are listed together under Spoms Testing. Conditions that may only cause specific symptoms are listed
separately under additional symptoms testing. Perform the symptoms testing before using the additional symptoms
testing.

8.2.3.1.3. Symptoms Definition

Backfire
Fuel ignites in the intake ménld or in the exhaust system, making a loud popping noise.

Cuts Out, Misses
A steady pulsation or jerking that follows engine speed, which is usually more pronounced as the engine
load increases. This condition is not normally felt above 1 500 RPMlom48(30 MPH). The exhaust has a
steady spitting sound at idle or at low speed.

Detonation/Spark Knock
A mild to severe ping which usually gets worse while under acceleration. The engine makes sharp metallic
knocks that change with throttle opening.

Diesding, RunOn
Fuel ignites in the intake manifold or in the exhaust system, making a loud popping noise.

Engine Control Module (ECM) Commanded Reduced Engine Power
The ECM illuminates the Reduced Engine Power lamp and will limit engine power under potential
engine/vehicle damaging or emissions related conditions. A DTC may not be set.

Fuel Odor
A noticeable smell of unburned fuel.

Hard Start
Engine cranks OK, but does not start for a long time. The vehicle does eventually run, or may start but
immediately sélls.

Hesitation, Sag, Stumble
Momentary lack of response as the accelerator is pushed down. This condition can occur at any vehicle
speed. This condition is usually more pronounced when first trying to make the vehicle move, as from a
stop. This conditiomay cause the engine to stall in severe conditions.

Lack of Power, Sluggishness, or Sponginess
The engine delivers less than expected power. Little or no increase in speed when the accelerator pedal is
pushed down part way.

Poor Fuel Economy
Fuel economyas measured by an actual road test, is noticeably lower than expected. Also, the fuel
economy is noticeably lower than it was on this vehicle at one time, as previously shown by an actual road
test.

Rough, Unstable, or Incorrect Idle and Stalling
The engie runs unevenly at idle. If severe, the engine or the vehicle may shake. Engine idle may vary in
speed. Either condition may be severe enough to stall the engine.

Surges/Chuggles
Engine power variation under steady throttle or cruise. Feels like the leebpeeds up and slows down
with no change in the accelerator pedal position.
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8.2.3.1.4. Symptoms Verification

Before using the Symptom tables, perform the following inspections:

il
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Verify that the malfunction indicator lamp (MIL) is operating correctly. Use thetechito command the lamp ON
and OFF.

Verify that there are no DTCs stored.

Verify that the scan tool data is within the normal operating range. Refer to Control Module References for scan tool
information.

Verify that there are no Bulletins concerning thigrent symptom.

Verify that the vehicle tires are correctly inflated and meet original equipment specifications.

Verify the customer concern.

Perform the Visual/Physical Inspection in this section. The visual/physical inspection is extremely impodtaat) an
lead to correcting a condition without additional testing. It may also help reveal the cause of an intermittent
condition.

Identifying Intermittent Conditions
Many intermittent conditions occur with harness or connector movement due to enmirggie, rough pavement, vibration or
physical movements of a component. Refer to the following for a list of issues that may cause an intermittent condition:

= =4 =4 =4
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Moisture and water intrusion in connectors, terminals, and components

Incomplete connector mating

Poor terminal contact

High circuit or component resistarceHigh resistance can include any resistance, regardless of the amount, which
can interrupt the operation of the component.

Harness that is too short or tight

Wire insulation that is chaffed or cut

High or low ambient temperature

High or low engine coolant temperatures

High underhood temperatures

Heat buildup in component or circuit due to circuit resistance, poor terminal contact, or high electrical load
High or low system voltage

High vehicle loadanditions

Rough road surfaces

Electromagnetic

interference (EMl)/circuit interference from relays, solenoids or other electrical surge

Incorrect installation of aftermarket, add on accessories

Visual/Physical Check

1  Verify that the control module groundseclean, tight, and correctly located.
1 Verify that the vacuum hoses are not split or kinked, and are properly connected, as shown on the Vehicle Emission
Control Information label.
1  Verify that the air filter is clean and free from restrictions.
1 Verify tha there is no water intrusion in connectors terminals and components.
1 Inspect the air intake ducts for the conditions listed below:
C Collapsed
C Damaged areas
C Looseness
q Incorrect installation
C Leaking
If any condition listed above has allowed rowtered air to enter the air induction system, ttig38 Throttle Body:
Throttle/Idle Learrprocedure must be performed after the repair is complete.
1 Inspect for air leaks at the throttle body mounting area, thass air flow (MAF) sensor and intake manifold sealing
surfaces.
1 Inspect the wiring harness for the following conditions:
C Poor connections
C Pinches
q Cuts
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Inspect for loose, damaged, unseated, or missing sensors/components.
Inspect the terminals for corrosicend correct contact.

8.2.3.1.5. Symptoms Testing

Backfire, Cuts Out/Misses, Detonation/Spark Knock, Dieseling/Rm Engine Control Module (ECM) Commanded Reduced
Engine Power, Fuel Odor, Hard Start, Hesitation/Sag/Stumble, Lack of Power/Sluggishness/Spongimassuel Economy,
Rough, Unstable, or Incorrect Idle and Stalling, or Surges/Chuggles

1 Test/inspect the fuel system for the conditions listed below:

q Incorrect system operation or fuel pressur&efer toFuel System Diagnosis.

q Leaking or incorrectly operatinfuel injectors; Refer toFuel Injector Diagnosis.

q Contaminated or poor quality fuelRefer toAlcohol/Contaminantsn-Fuel

1 Diagnosis.
1 Test/inspect the ignition system for the conditions listed below:

C Spark plugs with an incorrect heat range or an abmalrconditiong Refer toSpark Plug Inspection and Ignition
System Specifications

C Coolant or oil fouled spark plugs.

C Secondary ignition system susceptible to moisture. Engine running, wet down the secondary ignition system
with water from a spray bottléo help locate damaged or deteriorated components. Look/listen for arcing or
misfiring as the water is applied.

C Weak spark using the EL 26792 HEI spark tester. Refer to Electronic Ignition System Diagnosis.

1  Test/inspect for the conditions listed below:

C Non-metered air flow into the air induction system. If a leak is found, repair as necessar@38hehrottle
Body: Throttle/ldle Learprocedure must be performed when the repair is complete.

C An incorrectly operating turbocharger system. Refef twbocharge System Descriptioand Turbocharger
Cleaning and Inspection.

C Incorrectly operating transmission torque converter clutch (Tg€C2)e scan tool should indicate an engine
speed drop when the TCC is commanded ON.

C Incorrectly operating A/C compressor

C Items that can cause an engine to run lean or ricRefer toDTC P0171 or P0172.

C An incorrectly installed Mass Air Flow (MAF) / Intake Air Temperature (IAT) Sensor

C Engine oil contaminated by fuel

C Split or kinked vacuum hose$/erify that the routing and connecins are as shown on the vehicle emission
control information label.

C Excessive knock sensor spark retard actiyRefer to Knock Sensor Replacement and DTC P0324, P0326, or
PO6B6.

C Fuel octane switch settingVerify the fuel octane switch is set to thegper fuel octane rating for the fuel
being used in the vehicle.

C Electromagnetic interference on the reference circuit, which can cause a misfire condition. You can usually
detect electromagnetic interference with a scan tool by monitoring the engine spasneter. A sudden
increase in the engine speed parameter with little change in actual engine speed indicates that electromagnetic
interference is present. Inspect the high voltage components near the ignition control circuit if a condition
exists.

C A crarkshaft position sensor with an incorrect resistargc€he crankshaft position sensor resistance may be out
of range after a hot soak. The resistance should be betweeqmOOH N 71 m P

C A stuck open evaporative emission (EVAP) canister purge solenoid valve.

C Incarrectly operating positive crankcase ventilation systeoheck all connections for leaks or restrictions.

1 Test/inspect the engine cooling system for the conditions listed below:

C A thermostat with incorrect heat range. Refer to Thermostat Diagnosis.

C Incorrect engine coolant levej Refer to Cooling System Draining and Filling.

C An incorrectly operating engine coolant thermostat heatérefer to DTC P0597P0599.

For additional information, refer t&ymptoms Engine Cooling
1 Test/inspect the exhaust system coomgents for the conditions listed below:

C Physical damage or possible internal failure

C Restricted 3way catalytic converters For additional information, refeiygmptoms Engine Exhaust.

88
REVISION1.0

RELEASE DAJE&6/2017



VeniceService Manual

Engine / Propulsion

VANDERHALL

1 Test/inspect the engine for the mechanical conditions listed below:
Excessive oil in the combustion chamber or leaking valve seals
Oil Consumption
Incorrect cylinder compression
Sticking or leaking valves
Worn camshaft lobes
Incorrect valve timing
Broken valve springs
Excessive carbon buildup in the combustion chambeesirhe chambers with Top Engine Cleaner, if
necessary. Follow the instructions on the can.
q Incorrect engine parts For additional information referSgmptoms Engine Mechanical.
1  If the above conditions do not address the symptom, refer to the additioyrapsoms tests.

D NDA NN NN NN

8.2.3.1.6. Additional Symptoms Tests

Detonation/Spark Knock:

1  Test the engine for an overheating condition. Refer to Symptoms Engine Cooling.

1 Inspect for excessive carbon buildup in the combustion chambers. Clean the chambers with Top Engine Cleaner,
if necessary. Follow the instructions on the can.

1 If there are no engine mechanical faults, fill the fuel tank with a known high quality fuel that meets the vehicle
minimum octane requirements.

ECM Commanded Reduced Engine Power

Under certain conditions # engine control module may limit engine power by reducing engine torque and, for some
vehicles, fuel pressure as well. For most, but not all of the conditions, the engine control module will illuminate the
reduced engine power lamp on the instrument clrst A DTC may not be set.

A repair may not be necessary. Observe the scan tool Reduced Engine Power History parameter ok 268fé&mtgine
ControlModule: Scan Tool Informatico determine the reason for the reduced engine power event.

Verify orinspect for the following:

i Vehicle being operated at sustained high engine speeds, or up an incline for an extended period of time, which
may cause the engine oil or coolant to overheat. Inspect the airflow passageways in front of the engine for
obstructions

i and clear away any debris or foreign material that is found. If no obstructions are found, review approved
driving habits with the customer. The customer may need to operate the vehicle at a higher engine speed to
improve cooling system performance, at,a slower engine speed to reduce engine load.

1 A cooling fan condition which may cause the ECM to reduce engine power. Réferltog Fan Description and
Operationand Cooling System Description and Operatioverify correct operation of the coolirfgn.

i High pressure fuel system condition. Refefteel System Descripti@nd Fuel System Diagnoda verify high

pressure fuel system operation.

Turbocharger boost pressure out of range. RefebiaC P0234 or P0299.

Intake air temperature out of rang@o high. Observe the scan tool IAT Sensor 1 and IAT Sensor 2 parameters.

The readings should be within 9°C (16°F) of a each other. Ré?8rGd°0096 or PO1idr more information.

i If equipped with automatic transmission, an incorrect learned brake peatsitipn (BPP) sensor. Verify the
following actions have not occurred:

C An engine control module (ECM) has been replaced
C A BPP sensor has been replaced

= =9

C A BPP sensor is misaligned or incorrectly installed
If any of the above actions have occurred, the Br&slal Position Sensor Learn procedure must be
performed.
Fuel Odor

i Inspect for leaking, damaged, or deteriorated fuel lines.

i Inspect for a saturated EVAP canistéefer toEvaporative Emission Control System Description.

i Inspect for a condition with thaaternal components of the fuel tank assembliRefer toFuel System
Description.
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Start

Observe the scan tool Throttle Body Idle Airflow Compensation parameter. A value greater than 90% may
indicate an excessive accumulation of deposits in the throttle bore. Inspect the throttle body and bore and

clean, if necessary. Refer idirottle Body Ispection and Cleaning.

Test the engine coolant temperature (ECT) sensor. Compare the ECT sensor value to the intake air temperature
(IAT) sensor value on a cold engine. The ECT and IAT sensor values should be within approximately 3°C (5°F). If
the ECT seios is out of range with the IAT sensor, test the resistance of the ECT sensor. Refererature

Versus Resistander resistance specifications. Replace the ECT sensor if the resistance is not within
specification. If the sensor is within the specifion, test the ECT circuits for a high resistance.

Verify that the fuel system operates correctly and provides adequate pressure for engine startup The fuel pump
should turn ON for 2 s when the ignition is turned ON. Reféium System Diagnogar addtional

information.

Hesitation, Sag, Stumble

1
1
1

Test the fuel pressure. Refer el System Diagnosis.

Test the manifold absolute pressure (MAP) sensor. Ref@imo P0106.

Test the generator. Refer tBymptoms Engine ElectricRepair the charging systeifithe generator output
voltage is less than 9 V or more than 16 V.

Note:

The following actions may need to be repeated in order to verify an intermittent intake or exk
camshaft actuator condition.

Lack

Engine warm and idling, verify the correct operatiof the camshaft actuator system. Command the intake and
exhaust camshaft actuators from 0 degrees to 20 degrees and back to zero while observing the scan tool Intake
Camshaft Position Variance and Exhaust Camshaft Position Variance parameters. Eaetepatamld be less

than 2 degrees in each of the commanded states.

t If any of the parameters is greater than 2 degrees, inspect the suspect camshaft actuator and camshaft
actuator solenoid valve and valve bore for contamination, obstruction, and damage. Refer to Camshaft Actuator
System Description and Camshaft PositictuAtor Solenoid Valve Replacement.

of Power, Sluggishness, or Sponginess

Inspect the engine electrical system for correct operation. Refé&ytmptoms Engine Electrical.

Verify that each injector harness is connected to the correct injector.

Inspect the mass air flow (MAF) sensor for obstruction, contamination, and damage. RéfessoAirflow Sensor
Replacement.

Note:

The following actions may need to be repeated in order to verify an intermittent intake or exH
camshaft actuator condibn.

1 Engine warm and idling, verify the correct operation of the camshaft actuator system. Command the intake and

exhaust camshaft actuators from 0 degrees to 20 degrees and back to zero while observing the scan tool Intake
Camshaft Position Variance aB&haust Camshaft Position Variance parameters. Each parameter should be less
than 2 degrees in each of the commanded states.
t If any of the parameters is greater than 2 degrees, inspect the suspect camshaft actuator and camshaft
actuator solenoid valveral valve bore for contamination, obstruction, and damage. Ref&@amshaft Actuator
System Descriptioand Camshaft Position Actuator Solenoid Valve Replacement.

i Verify the correct operation of the turbocharger system. Perform the following:

C Inspect the tirbocharger moving components for looseness, binding, wear, and damage.

C Verify that the turbocharger air inlet ducts and outlet ducts are tightly sealed and that the air passages
are not obstructed. Engine running, use a solution of dish soap and waiesgray bottle to pinpoint any
air leaks.

C Inspect the turbocharger system components for external fluid leaks. Inspect the gaskets and sealing
surfaces and look for cracks in the turbocharger components.

C Inspect for a loss of turbocharger pressure. Ignition ON, verify the scan tool Turbo Boost Sensor
parameter is within the range specified in théitude Versus Barometric Pressure.
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t If not within the range specified, refer @TC P0236
q For additional infrmation, refer toTurbocharger System Descriptiand Turbocharger Cleaning and
Inspection.

Poor Fuel Economy

i Observe the scan tool Throttle Body Idle Airflow Compensation parameter. A value greater than 90% may
indicate an excessive accumulation of dsjp®in the throttle bore. Inspect the throttle body and bore and
clean, if necessary. Refer drottle Body nspection and Cleaning.

Inspect for acceleration rate too much or too often

Inspect for incorrect operation of the speedometer.

i Inspect the brakeystem for brake drag.

= =4

Rough, Unstable, or Incorrect Idle and Stalling

i An excessively high idle may be due to the floor mat interfering with the accelerator pedal. Inspect the
accelerator pedal for binding and verify that the floor mat is not interfeviittp the aceclerator pedal
movement.

1 Engine idle speed may be unstable or the engine may stall if the ECM has learned an incorrect idle/airflow
compensation value. A DTC may also set. Observe the scan tool Throttle Body Idle Airflow Compensation
parameter.A value greater than 90% may indicate an excessive accumulation of deposits in the throttle bore. If
the throttle body needs cleaning, refer fdrottle Body Inspection and Cleaning.

The actions listed below may also cause the ECM to learn an incoleeeglde.

C The engine control module has been replaced

C The throttle body has been replaced

C The throttle body has been cleaned but the idle learn procedure was not performed after completing the
cleaning

C The air induction system was leaking, allowing-noetered air to enter the combustion chamber. The
leak was repaired but the idle learn procedure was not performed after repairing the leak
If any of the actions listed above have occurred, the Q38 Throttle Body: Throttle/Idle Learn procedure
must be performed

1 Inspect the engine mounts for looseness, wear, and damage.

1 Inspect the intake and exhaust manifolds for casting flash.

Surges/Chuggles

1 Verify that each injector harness is connected to the correct injector.

1 Inspect the mass air flow (MAF) sensor for obstruction, contamination, and damage. Refesg<d\irflow
Sensor Replacement.

i Inspect for slow responding heated oxygen sensors (HO2S). The heated oxygen sensors should respond quickly
to a change in throttlgoosition. If the heated oxygen sensors do not respond to different throttle positions,
inspect for contamination from fuel, silicon, or the incorrect use of room temperature vulcanizing sealant. The
sensors may have a white powdery coating and resulthigh, but false, signal voltage, which gives a rich
exhaust indication. The ECM reduces the amount of fuel delivered to the engine, causing a driveability
condition.
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8.2.3.2.Inspection/Maintenance System Check

8.2.3.2.1. Diagnostic Instructions
o Perform the Diagnostic SysteCheck Vehiclgrior to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.2.2. Circuit/System Description
Several states require for a vehicle to pass onboard diagnostic (OBD) system tests and inspection/maintenance (I/M)
emission inspections in order to renew license plates. This is accomplished by viewing the Inspection/Maintenance
System Status or Data dlag on a scan tool. Using a scan tool, the technician can observe the I/M status in order to

verify that the vehicle meets the criteria that complies with the local area requirements.

8.2.3.2.3. Condition for Updating the Inspection/Maintenance Emission System Sgatu

Note:
New vehicles may not report an Inspection/Maintenance System Check pass or fail status for
post catalyst oxygen sensor or heated oxygen sensor 2 diagnostics prior to 700 miles. After re
a catalytic converter on a vehicle wigineater than 700 miles, it may require up to an additional 7
miles to prevent a false failure status.

Each system monitor requires at least one, and sometimes several, diagnostic tests. The result of each test is reported by a
diagnostic trouble codeTC). A system monitor is complete when either all of the DTCs composing the monitor have Run and
Passed, or when any one of the DTCs comprising the monitor has illuminated the malfunction indicator lamp (MIL). Once the
system monitor is complete, the Insgtion/Maintenance System Status or Data will indicate YES in the completed or Value
column.

For example, when the HO2S heater status indicates YES, either all of the oxygen sensor heater tests have passed®r one of th
tests has illuminated the MIL. Iii¢ vehicle has two heated oxygen sensors, either both heater circuit tests have passed or one
of the heater circuit tests has illuminated the MIL. The Inspection/Maintenance System Status or Data will indicate NO under
the Completed or Value column whenyaof the required tests for that system have not run. The following is a list of conditions
that may set the Inspection/Maintenance System Status or Data indicator to NO:

1  The vehicle is new from the factory and has not yet been driven through the necessargonditions to complete
the tests.
The battery has been disconnected or discharged below operating voltage.
The engine control module (ECM) power or ground has been interrupted.
The ECM has been reprogrammed.
The ECM DTCs have been cleared.
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8.2.3.2.4. Monitored Emission Control Systems

The OBD Il System monitors all emission control systems that are onboard. The OBD Il regulations require monitoring of the
following:
1  The air conditioning system
The catalyst efficiency
Comprehensive component monitoringgission related inputs and outputs
The evaporative emission (EVAP) system
The fuel delivery system
Heated catalyst monitoring
Misfire monitoring
The oxygen sensor system (HO2S)
The oxygen sensor heater system (HO2S heater)
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For the specific DTCs requiremt £ach system, refer to Inspection/Maintenance (I/M) System DTC Table. Systems such as fuel
delivery, misfire, and comprehensive components may not be listed in a system status list. These tests run continuoosly and d
not require an inspection/maintenamcsystem status indicator.

8.2.3.2.5. Circuit/System Verification

1. Verify that all Inspection/Maintenance System Status or Data indicators report YES, and that no I/M Test DTCs are present.
t Ifany I/M Test DTCs are set
Refer toDiagnostic Trouble Code (DTC) Vishicle.
p If no I/M Test DTCs are set
2. All OK.

8.2.3.2.6. Circuit/System Testing

Note:
Many DTC related repairs will instruct the technician to clear the DTC information. Clearing th
will reset the Inspection/Maintenance System Status or Data indicatoO. Performing the I/M
Complete System Set Procedure will set each of the I/M System Status indicators to YES.

1. Verify no I/M DTCs are present.
t Ifan I/M DTC is set that would prevent the I/M System Status tests from completing, diagnose that®fft@e continuing.
Refer tolnspection/Maintenance (I/M) System DTC Table.
p If no I/M DTCs are set
2. Review applicable service bulletins for software updates that would prevent the I/M System Status tests from completing.
t If a control module reprogranor other repair is required,
Perform the Inspection/Maintenance Complete System Set Procedure after repair.
p If no repair is required
3. Observe the Inspection/Maintenance System Status or Data indicators.
t If any Inspection/Maintenance System Status Data indicators report NO
Perform the Inspection/Maintenance Complete System Set Procedure.
p If no Inspection/Maintenance System Status or Data indicators report NO
4. All OK.
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8.2.3.3.Inspection/Maintenance Complete System Set Procedure
8.2.3.3.1. Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.3.2. Circuit/System Description

The purpose of the inspection/maintenance complete system set procedure is to satisfy the enable criteria necessary
to execute all of the inspection/maintenance readiness diagnostics and complete the trips for those particular
diagnosticsWhen all inspection/maintenance monitored diagnostic tests are completed, the inspection/maintenance
system status indicators are set to yes. Perform the inspection/maintenance complete system set procedure if any
inspection/maintenance system status indtors are set to NO.

8.2.3.3.3. Condition for Meeting a Cold Start

The ignition voltage between £Q8 V.
The barometric pressure (BARO) is more than 75 kPa (10.15 PSI).
The engine coolant temperature (ECT) atstit) A& 3ANBF GSNJ GKIy bLpc/ O6HocCOO®
The intake air tmperature (IAT) at stastip is less than 40°C (104°F).
The difference between the statp IAT and ECT are within 3°C (5°F).
The engine is OFF for greater than 6 h or the following conditions must be met:
C The startup IAT minus staftip ECT 1 are within 1€ (22°F).
C The startup ECT minus startup IAT are within 50°C (90°F).
1 Fuel level is between 235%.
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8.2.3.3.4. Circuit/System Verification

1. Verify that all I/M System Status indicators report YES, and that no I/M Test DTCs are present.
t Ifany I/M Test DTCs are se
Refer toDiagnostic Trouble Code (DTC) List Vehicle.
plfno I/M Test DTCs are set
2. All OK.

8.2.3.3.5. Inspection/Maintenance System Set Procedure

Note:
Whenever the ignition is turned ON, ignition positive voltage is supplied to the heated o
sensor (HO2S3)eaters. After verifying the enable criteria, turn OFF the ignition for approximate
minutes to allow the sensors to cool before continuing with the test. Once the engine is starte
NOT turn the engine OFF for the remaining portion of the set phaee

1. Ensure that the vehicle meets the conditions for a cold start listed above.
t+ If the Evaporative Emission (EVAP) inspection/maintenance system status indicator displays NO, perform the EVAP
Service Bay test if applicable.
2. Tun OFF all accedéh Sa> | x!1/ &deadsSyz 20KSNI St SOriedipdent, etdf, and BperEtheA y Of dzR A
hood.
3. Set the vehicle parking brake and ensure the vehicle is in park for automatic transmission or neutral for manual imansmiss
4. Turn the ignitn ON for 1 min.
5. Start and idle the engine for 5 min.
6. Run the engine for 6 min within the following conditions:
1 Calculated air flow is betweerg90 g/s
1  Engine speed is steady between 1 88000 RPM
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7. Apply and hold brake pedal, and shift to Diieeautomatic, or apply clutch pedal for manual and operate the vehicle within
the following conditions for 2 min:

1 Manifold Absolute Pressure (MAP) signal is greater than 12 g/s

1 Engine speed is greater than 1 000 RPM

Note:
Do NOT touch the accelerator g until told to do so. A change in throttle position sensor angle
an increase in engine speed may invalidate this portion of the test.

8. Release the accelerator pedal and shift the vehicle to Park for automatic, or Neutral and release clutédr peaialial, and
allow the engine to idle for 2 min.

9. Close the hood, release the parking brake and drive vehicle at 90 km/h (55 MPH) for 2 min.

10. Release the accelerator pedal for at least 10 s. This will allow the vehicle to enter the deceleratan défe

11. Safely stop the vehicle, with the engine in drive for automatic or neutral with the clutch pedal depressed and pakéng br
applied for manual. Allow the vehicle to idle for 2 min.

Note:
Do NOT disturb the vehicle or turn ON the ignitiomtil told to do so. Disturbing the vehicle ma
invalidate this portion of the test.

12. Shift the vehicle to park for automatic and neutral for manual. Turn OFF the ignition and exit the vehicle. Do NOT distur
the vehicle for 45 min.
13. Observe the Bpection/Maintenance System Status with a scan tool. All of the inspection/maintenance System Status
indicators should display YES.
t If the EVAP inspection/maintenance system status indicator displays NO, turn OFF the ignition, ensure that the
vehicle meés the conditions for a cold start, and repeat steps 6 through 11 three more times, or until the EVAP
inspection/maintenance system status indicator transitions to yes. If the indicator continues to display NO, refer to
the Inspection/Maintenance (I/M) Syam DTC Tabl® identify the DTCs that did not run.
t If any of the inspection/maintenance system status indicators display NO, refer tth¢pection/Maintenance
(I/M) System DTC Tabfer the indicator which did not display yes. The inspection/mainteeasystem DTC table
identifies the DTCs associated with each inspection/maintenance system status Indicator.

8.2.3.4.Inspection/Maintenance (I/M) System DTC Table

Inspection/Maintenance (I/M) System DTC Table

System | DTCs Required to Set System Status to YES

If an inspection/maintenance system status indicator did not update to yes duringngpection/Maintenance Complet
System Set Proceduyrereview each indicator and reference this table to determine each DTC associated wit
inspection/maintenance systn status indicator. Each DTC listed below has specific conditions that must be met fi
diagnostic to run. Included within the conditions are additional DTCs which, if set, may inhibit the DTCs listed belg
running. Reviewing and operating the vele within the conditions for running for each DTC listed below will allow
inspection/maintenance system status indicators to transition to yes.

Catalyst monitor DTC P0420.
EGR/CMP 1 DTC P0011 or PO014.
1 DTC PO5CC or PO5CE
Evaporative emission 1 DTC P0442
(EVAP) f DTC P0446
1 DTC P0455
Fuel System DTC P219A.
Oxygen sensor 1 DTC P0131, P0132, P0134, P0137, P0138, or P0140. Refer to DTC P0131, P0132, P

P0137, P0138, or P0140.
1 DTC P0133, PO13A, P013B, PO13E, PO13F, PO15A, P015B, P2270, or P22 TRefer
P0133, PO13A, P013B, PO13E, PO13F, PO15A, PO15B, P2270, or P2271.

Oxygen sensor heater| DTC P003@P0032, P003¢°0038, P0053, P0054, P0135, or P0141. Refer to DTC P0030
P0036P0038,
P0053, P0054, P0135, or P0141.
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8.2.3.5.Engine Cranks But Does Not Run
8.2.3.5.1. Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of eaahiagnostic category.

8.2.3.5.2. Circuit/System Description

The engine cranks but does not run is an organized approach to identify a condition which causes the engine to crank
but not start. This diagnostic directs the technician to the appropriate system diagnosis.

8.2.3.5.3. Diagnostic Aids

Inspect for any of the conditions listed below:
1 Insufficient fuel can cause a no start condition. Thoroughly inspect the fuel delivery system for sufficient fuel volume
to the fuel injectors. Inspect the fuel supply components for paltiatkage or restrictions.
1  Fuel injectors with partially blocked and restricted nozzles, or a malfunctioning solenoid, can cause a no start
condition. Refer to Fuel Injector Diagnosis.
1 There may be fuel spray at the fuel injectors and the indicated fieslqure may be correct, yet there may not be
enough fuel to start the engine. If the fuel injectors and the injector circuit are OK, and fuel spray is detected, the fuel
injector ON time may be inadequate. If the engine control module (ECM) receives tidomets from the various
information sensors, the fuel delivered by the fuel injectors may be inadequate to start the engine. Check all the
engine data parameters with a scan tool and compare the values indicated with the expected values or the values
from a known vehicle in good condition.
1  Check the crankshaft position sensor engine reference signal with a scan tool. Observe the engine speed parameter
while cranking the engine. The scan tool should indicate a steadyBR0RPM while cranking. If erratialues, such
as sudden spikes in the engine speed, are displayed, the engine reference signal is not stable enough for the engine to
start and run properly.
Inspect the engine for good secure electrical grounds.
If the engine almost starts and then stalthieck for an open in the ground circuits of the crankshaft position sensor
and the camshaft position sensqgintake or camshaft position sensqexhaust.
1  Water or foreign material in the fuel can cause a no start or engine will not stay running oanditiring freezing
weather water can freeze inside the fuel system. The engine may start after 30 min in a heated repair shop. The
malfunction may not recur until parked overnight in freezing temperatures. Extreme weather conditions can cause
contaminatedfuel to prevent the vehicle from starting.
1 An engine that starts and runs after being brought to the repair shop for a no start condition, may have an ignition
system that is susceptible to moisture. Spray water on the ignition system components andtititgeimorder to
check for an engine starting or will not stay running concern.

= =

8.2.3.5.4. Reference Information

Schematic Reference
Engine Controls Schematics
Connector End View Reference
Component Connector End Views
Electrical Information Reference
1 CircuitTesting
1  Connector Repairs
1  Testing for Intermittent Conditions and Poor Connections
1  Wiring Repairs
Scan Tool Reference
Control Module Referencder scan tool information
Special Tools
CH 48027 Digital Pressure Gauge
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EL 26792 HEI Spark Tester
EN 36012A Igtion System Diagnostic Harness
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8.2.3.5.5. Circuit/System Verification

Note:

This diagnostic assumes the following:
1  The battery is completely charged.
1 The engine cranking speed is acceptable.
1 There is adequate fuel in the fuel tank.

8.2.3.5.6. Circuit/System Testing

1. Crankhe engine for up to 15 s.
2. Verify that DTC P0117, P0118, P0122, P0123, P0222, P0223, P0335, P0336, P0513, P0562, P0563, P0601, P0602, PO603,
P0604, P0606, PO62F, P0633, P0685, P0689, P0690, P1516, P1631, P1682, P16F3, P2101, P2119, or P2610 is not set.
t If any of the DTCs are set
Refer to Diagnostic Trouble Code (DTC) List Vehicle.
p If none of the DTCs are set
3. Ignition ON
4. Verify the Theft Deterrent LED located in the driver information center illuminates momentarily.
t If the LED stays ON or is flashing
Review the Diagnostic Trouble Code (DTC) List Vehicle for Immobilizer system DTCs. Refer to Immabilizer Description and
Operation for additional information.
p If the LED does not stay ON and is not flashing
5. Verifythe scan tool Engine Speed parameter displays greater than 0 RPM while cranking the engine.
t IfORPM
Refer to DTC P0335 or P0336.
p If greater than 0 RPM
6. Ignition OFF.

Note:
It may be necessary to secure the-B8D12A Ignition System Diagnostic Hass to the spark plu
boots with electrical tape.

7. Install the EN 36012A

Ignition System Diagnostic Harness to the spark plug boots.

8. Connect the EL 26792 HEI Spark Tester between the boot of a spark plug wire and ground.
9. Connect the remaining ves to the appropriate cylinders.

Note:
1  Perform the spark test on at least 3 of the cylinders.
1  An erratic or weak spark is considered a no spark condition.

10. Verify the spark tester sparks while cranking the engine.
t If the spark tester does not spark
Refer to Electronic Ignition System Diagnosis.
p If the spark tester sparks
11. Ignition OFF.
12. Disconnect the harness connector at a Q17 Fuel Injector.
13. Connect a test lamp between the control circuit and the ignivoltage circuit of the harness connector.

Note:
Perform the fuel injector test on at least 3 fuel injectors

14. Verify the injector test lamp flashes while cranking the engine.
t If the injector test lamp does not flash

Refer to DTC P0201, P028B203, P0204, P0261, P0262, P0264, P0265, P0267, P0268, P0270, or P0271.
p If the injector test lamp flashes
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15. Ignition OFF.
16. Install the CH 48027 Digital Pressure Gauge.
17. Ignition ON.

Note:

1 If the engine is too hot, high fuel pressure readingsymesult due to hot soak fuel boiling
Allow the engine coolartemperature to cool to less than 60° C (150° F) before
attempting to verify fuel pressure.

1  The Fuel Pump Enable may need to be commanded On a few times in order to obtai
highest possibléuel pressure.

9  Additional DTCs may set when using the fuel pump output control.

18. Command the Fuel Pump Enable On several times with a scan tool.
19. Verify the fuel pressure is between 8850 kPa (594 PSI) while the fuel pump is running.
t If not within the specified range
Refer to Fuel System Diagnosis.
p If within the specified range
20. Verify that the fuel pressure, after the fuel pump has turned OFF, decreases to less than 600 kPa (87 PSI) and does not
decreasemore than 34 kPa (5 P$1)1 minute.
t If not within the specified range
Refer to Fuel System Diagnosis.
p If within the specified range
21. Verify none of the conditions listed below exist:
Collapsed air intake duct to the throttle body
Air filter and air intake system for re&ttions and obstructions
Spark plugs for being gas or coolant fouled
A skewed manifold absolute pressure (MAP) sensor
A skewed engine coolant temperature (ECT) sensor
Test the exhaust system for restrictions. Refer to Restricted Exhaust.
Test the fuel focontamination. Refer to Alcohol/ContaminartsFuelDiagnosis.
Engine mechanical condition, for example, worn timing belt or low compressRaier to Symptoms Engine
Mechanical.
t If a condition exists
Repair as necessary.
p If no condition exists
22. Al OK.

E R N T ]

8.2.3.5.7. Repair Verification

Perform theDiagnostic Repair Verificati@iter completing the repair.
1  Spark Plug Replacement
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8.2.3.6.Electronic Ignition System Diagnosis
8.2.3.6.1. Diagnostic Instructions

o Perform the Diagnostic System Check Velpdir to using thigliagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.6.2. Circuit/System Description

This ignition system uses an ignition coil mlked The engine control module (ECM) controls the spark events by
transmitting the timing pulses on the ignition control (IC) circuits to the cylinder ignition coils in firing order sequence.

8.2.3.6.3. Diagnostic Aids

1  Anopen/high resistance on the low referencecuit to the ignition coil may cause a misfire.
1 An erratic or weak spark is considered a no spark condition.

8.2.3.6.4. Reference Information

Schematic Reference
Engine Controls Schematics
Connector End View Reference
Component Connector End Views
Description and Opration
Electronic Ignition System Description
Electrical Information Reference
1  Circuit Testing
1  Connector Repairs
9  Testing for Intermittent Conditions and Poor Connections
1 Wiring Repairs
Scan Tool Reference
Control Module References

8.2.3.6.5. Circuit/System Testing

Note:
Do not perform this diagnostic procedure unless you were sent here from a misfire DTC
Engine Cranks But Does Not Run diagnostic.

1. Ignition OFF and all vehicle systems OFF, disconnect the harness connector at the K35 Ignition Coit Maglubke up to
2 min for all vehicle systems to power down.
HO® ¢Sad FT2NJ£Saa Ky p m 0SG6SSy GKS IANRdzyR OANDAZAG GSNNAYI
t If 5mor greater
2.1. Ignition OFF.
HOH® ¢Sad FT2NJfSaa Ky H m Ay (GKS INRdzyR OANDdzA G SyR (2
t If 2mor greater, repair the open/high resistance in the circuit.
t If less than 2, repair the open/high resistance in the ground connection.
pLT t£Saa GKFy p m
od ¢Sad F2N) fSaa dGKFIy p m 0S8S06SSy GKS t26 NBFTSNByYyO

S OANDdz
t If5mor greater
3.1. Ignition OFF, disconnect the X2 harness connector at the K20 Engine Control Module.
obHd ¢Sail FT2NIfSaa GKFEIY w m Ay GKS t2¢ NBTSNBYyOS OANDdz

+ If 2mor greater, repair the open/high resistance in the circuit.
t If less than 2w, replace thek20 Engine Control Module.
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pLFT t£Saa 0GKIFYy p m
4. Ignition ON.
5. Verify a test lamp illuminates between the ignition circuit terminal A and ground.
t If the test lamp does not illuminate and the circuit fuse is good
5.1. Ignition OFF, remove the test lamp
pdud ¢Saild F2NI €t Saa GKIFY H m Ay (GKS A3dyAdAazy OANDdzAG SyR
t If 2mor greater, repair the open/high resistance in the circuit.
t LT f8aa GKIFEY H mI OGSNRATEe GKS Fdza$§ Aa yz2ia 28y FyR
t If the test lamp does not illuminate and the circuit fuse is open

Note:

The ignition circuit may supply voltage to other components. Make sure to test all circuitg
components for a short to ground that share the ignition circuit.

5.1. IgnitionOFF, remove the test lamp, and disconnect all components on the circuit.
5.2. Test for infinite resistance between the ignition circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance
5.3.Replace the fuse, ignition ON.
5.4. Verify the fuse is good after connecting each of the components one at a time.
t If the fuse opens, replace the component that opens the fuse when connected.
t+ If the fuse is good, all OK.
p If the test lamp illuminates
6. Replace the K35 Ignition Coil Module.

8.2.3.6.6. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.
1 Ignition Coil Replacement
1  Control Module Referencder engine control module replacement, programming, and setup.
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8.2.3.7.Symptoms Engine Mechanical
8.2.3.7.1. Strategy Based Diagnostics

Perform aDiagnostic System Check Vehicle.

All diagnosis on a vehicle should follow a logical process. Strategy based diagnostics is a uniform approach for
repairing all systems. The diagnostic flowyraways be used in order to resolve a system condition. The diagnostic
flow is the place to start when repairs are necessary.

8.2.3.7.2. Visual/Physical Inspection

=

= =9

Inspect for aftermarket devices which could affect the operation of the engine.

Inspect the easily aessible or visible system components for obvious damage or conditions which could cause the
symptom.

Inspect for the correct oil level, proper oil viscosity, and correct filter application.

Verify the exact operating conditions under which the concerstexNote factors such as engine RPM, ambient
temperature, engine temperature, amount of engine waup time, and other specifics.

Compare the engine sounds, if applicable, to a known good engine and make sure you are not trying to correct a
normal conditon.

8.2.3.7.3. Intermittent

properly.

Test the vehicle under the same conditions that the customer reported in order to verify the system is operating

8.2.3.7.4. Symptom List

Refer to a symptom diagnostic procedure from the following list in order to diagnose the symptom:

= =4 = =8 8 -8 a8

Base Engine Misfire without Internal Engine Noises

Base Engine Misfire with Abnormal Internal Lower Engine Noises
Base Engine Misfire with Abnormal Valve Train Noise

Base Engine Misfire with Coolant Consumption

Base Engine Misfire with Excessive Oil Coipsiam

Engine Noise on Stadp, but Only Lasting a Few Seconds

Upper Engine Noise, Regardless of Engine Speed

Lower Engine Noise, Regardless of Engine Speed

Engine Noise Under Load
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8.2.3.8.0il Pressure Diagnosis and Testing
Special Tools

EN498B Oil Pressure @ge

EN498-3 Adapter

8.2.3.8.1. Removal Procedure

1. Disconnect the oil pressure indicator switch wiring harness plug.

2. Remove the oil pressure indicator switch (1) and the oil pressure indicator switch seal ring (2).
8.2.3.8.2. Measuring Procedure

1. Install ENI98-Bgauge (1) along with EAB8-3 adapter (2).
2. Start Engine.

Note:
The oil temperature should be between 80°C (176°F )and 100°C (212°).

3. Measure the oil pressure:
1  The oil pressure at idle speed should be 150 kpa (22 psi).
1 The oil pressure between 30@EB500 rpm should be 38650 kpa (5%, 94 psi).
4. Stop engine.
5. If the engine oil pressure is below specifications, inspect the engine for 1 or more of the following conditions:
1 Oil pump worn or dirty. Refer to Oil Pump Replacement and Engine Eowetr and Oil Pump Cleaning and
Inspection.
1 Qil suction gallery clogged or dirty. Refer to Qil Pan Cleaning and Inspection
M Cracked, porous, or restricted oil galleries.
M  Oil pressure relief valve malfunction.
6. Remove EM98B gauge and ENO8-3 adapter.
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8.2.3.8.3. Installation Procedure

1. Install the oil pressure indicator switch (1) and a NEW oil pressure indicator switch seal ring (2).

Caution:

Refer to Fastener Caution.

2. Tighten the oil pressure indicator switch to 20 Nm (15 Ib ft).
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Step |

Action |

Yes

No

DEFINITIONYou can repair most fluid leaks by first, visually locating the leak, repairing or replacing the component
resealing the gasket surface. Once the leak is identified, determine the cause of the leak. Repair the leak and thethmal

RELEASE DAJE&6/2017

leak.
1. Operate the vehicle until it reaches normal operating temperature. Refer
Engine Mechanical Specifications.
2. Park the vehicle on a level surface over a large sheet of paper or other ¢
1 3 \SAL;;?T; minutes. Go to Step 2 System OK
4. Inspect for drippings.
Are drippings preent?
2 Can you identify the type of fluid and the approximate location of the leak? Go to Step 10| Go to Step 3
1. Visually inspect the suspected area. Use a small mirror to assist in looki
hard to see areas.
2. Inspect for leaksit the following locations:
1  Sealing surfaces
3 1 Fitings Go to Step 10| Go to Step 4
1 Cracked or damaged components
Can you identify the type of fluid and the approximate location of the leak?
1. Completely clean the entire engine and surrounding components.
2. Operate the vehicle for several miles at normal operating temperature ar
at varying speeds.
3. Park the vehicle on a level surface over a large sheet of paper or other ¢
4 surface. Go to Step 10| Go to Step 5
4.  Wait 15 minutes.
5. Identify the type of fluid and the approximate locationtbé leak.
Can you identify the type of fluid and the approximate location of the leak?
1. Visually inspect the suspected area. Use a small mirror to assist in looki
hard to see areas.
2. Inspect for leaks at the following lations:
1 Sealing surfaces
5 1 Fittings Go to Step 10| Go to Step 6
1  Cracked or damaged components
Can you identify the type of fluid and the approximate location of the
leak?
1. Completely clean the entire engine and surrounding components.
2. Apply an aerosol typpowder, for example, baby powder or foot powder, {
the suspected area.
3. Operate the vehicle for several miles at normal operating temperature ar
6 at varying speeds. Go to Step 10| Goto Step 7
4. Identify the type of fluid and the approximate location of the leak from thg
discolorationdn the powder surface.
Can you identify the type of fluid and the approximate location of the leak?
1. Visually inspect the suspected area. Use a small mirror to assist in looki
hard to see areas.
7 2. Inspect fqr leaks at théollowing locations: Goto Step 10| Go to Step 8
1 Sealing surfaces
1 Fittings
1 Cracked or damaged components
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Can you identify the type of fluid and the approximate location of the leak?

Identify the type of fluid and the approximate location of the leak.
8 Go to Step 10| Go to Step 9
Can you identify the type of fluid and the approximate location of the leak?

3. Visually inspect the suspected area. Use a small mirror to assist in looki
hard to see areas.
4. Inspect for leaks at the following locations:
1  Seaing surfaces
1 Fittings
1  Cracked or damaged components

Go to Step 10| System OK

Can you identify the type of fluid and the approximate location of the leak?

1. Inspect the engine for mechanical damage. Special interest should be st
to the following areas:

Higher than recommended fluid levels

Higher than recommended fluid pressures

Plugged or malfunctioning fluid filters or pressure bypass

valves

Plugged or malfunctioning engine ventilation system

Improperly tightened or damaged fasteners

Cracked or porousomponents Goto Step 11| System OK

Improper sealants or gaskets, where required

Improper sealant or gasket installation

Damaged or worn gaskets or seals

Damaged or worn sealing surfaces

10

= =4 —a 4 _a_a_a_a_-9a._2°._-2

2. Inspect the engine for customer modifications.

Is there mechanical damage or customendifications to the engine?

Repair or replace all damaged or modified components.
11 Goto Step 1 -
Did you complete the repair?
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8.2.3.10. Oil Consumption Diagnosis
Oil Consumption Diagnosis
Checks | Causes
The causes of excessive@hsumption may include the following conditions:
Preliminary 1 External oil leaks.

1 Incorrect oil level or improper reading of the oil

level indicator.

With the vehicle on a level surface, run the engi

for a few minutes, allow adequate drain down tim]

(2¢3 minutes) and check for the correct engine

level.

Improper oil viscosity.

1 Refer to the vehicle owners manual and use the
recommended SAE grade and viscosity for the
prevailing temperatures.

1  Continuous high speed driving and/or severe usag

1 Crankcaseentilation system restrictions or
malfunctioning components.

1  Worn valve guides and/or valve stems.

1  Worn, missing or improperly installed valve stem ¢
seals.

9 Piston rings broken, worn, not seated properly.
Allow adequate time for the rings to seat.

Replae worn piston rings as necessary.

1  Piston and rings improperly installed or miss fitted

to the cylinder bore.

=
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8.2.3.11. Engine Noise Under Load

Engine Noise Under Load

Checks Causes

Insufficient or poor oil supply to components.

Low oil pressure .
P 1. Perform oibressure test.

2. Repair or replace all damaged components.

Loose torque converter bolts 1. Inspect the torque converter bolts and flywheel|
2. Repair or replace all damaged components.

Loose and/or damaged flywheel 1. Inspect the flywheel and flywhkattaching bolts.
2. Repair or replace all damaged components.

1. Inspect the piston rings for low ring tensio
broken or worn rings, inspect cylinder bore.
2. Repair or replace all damaged components.

Excessive pisteto-cylinder bore clearance

1. Inspect the crankshaft end play and cranksh
Excesive crankshaft thrust bearing clearance thrust bearings.
2. Repair or replace all damaged components.

1. Inspect the crankshaft bearings and cranksh
Excessive crankshaft bearing clearance journals.
2. Repair or replace all damaged components.
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8.2.3.12. Engine Noise on Stattt)p, but Only Lasting a Few Seconds

Engine Noise on Statt/p, but Only Lasting a Few Seconds

Checks Causes

Incorrect oil filter without antidrainback feature Install the correct offilter.

Incorrect oil viscosity Drain the engine oil and replace with the correct viscosity g

High stationary hydraulic lash adjuster (SHLA), valve lifter,| Replace the SHLAs, valve lifters, as required.
down rate

Worn crankshaft thrust bearing 1 Inspe.ct the thrust bearing.and crankshaft.
1 Repair or replace as required.
Damaged or faulty oil filter bypass 1 Inspect the oil filter bypass valve for proper operation.
valve 1 Repair or replace as required.
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8.2.3.13.

Base Engine Misfire without Internal Engiidoises

Base Engine Misfire without Internal Engine Noises

Condition

Action

Abnormalities (severe cracking, bumps or missing areas) ir
accessory drive belt. Also worn, damaged, or misalig
accessory drive components or excessive pulley runout.

Abnormalities in the accessory drive belt and/or compone
may cause engine RPM variations, noises similar to a fé
lower engine and also lead to a misfire condition. A mis
code may be present without an actual misfire condition.

1. Inspect the amessory drive components.
2. Repair or replace all damaged components.

Loose and/or damaged crankshaft
pulley

A misfire code may be present without an actual misf
condition.

1. Inspect crankshaft pulley and pulley bolt.
2. Repair or replace all damafjeomponents.

Loose torque converter bolts

A misfire code may be present without an actual misf
condition.

1. Inspect torque converter bolts and flywheel.
2. Repair or replace all damaged components.

Loose and/or damaged flywheel

A misfire code maybe present without an actual misfir
condition.

1. Inspect flywheel and flywheel attaching bolts.
2. Repair or replace all damaged components.

Restricted exhaust system

A severe restriction in the exhaust flow can cause signifig
loss of engine perforance and may set a misfire cod
Possible causes of restrictions include collapsed or de
pipes, plugged mufflers and/or catalytic converters. Repai
replace all damaged components.
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8.2.3.14. DTC P0010, PO013, or P26B3091
8.2.3.14.1Diagnostic Instructions
o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.

o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.14.2DTCDescriptors

DTC P0010

Intake Camshaft Position Actuator Solenoid Valve Control Circuit
DTC P0013

Exhaust Camshaft Position Actuator Solenoid Valve Control Circuit
DTC P2088

Intake Camshaft Position Actuator Solenoid Control Circuit Low Voltage
DTC P2089

Intake Camshaft Position Actuator Solenoid Control Circuit High Voltage
DTC P2090

Exhaust Camshaft Position Actuator Solenoid Control Circuit Low Voltage
DTC P2091

Exhaust Camshaft Position Actuator Solenoid Control Circuit High Voltage

8.2.3.14.3Diagnostic Fault Indrmation

Circuit Short to Ground High Open Short to Signal
Resistance Voltage Performance
Camshaft Position Actuator Soleng P0010, P0O013, | P0010, P0O013| P0010, PO013 P0010, P0013, P0011,
Valve High Control P2088, P2090 P2089, P2091 P0014
CamshaftPosition Actuator Solenoi - P0010, PO013| P0010, PO013 - -
Valve Low Reference

8.2.3.14.4Circuit/System Description

The camshaft position actuator system enables the Engine Control Module (ECM) to change the timing of the
camshafts while the engine is operating. The Camshaft Position Actuator Solenoid Valve signal from the ECM is pulse
width modulated (PWM). The ECM ¢mis the Camshaft Position Actuator Solenoid Valve duty cycle by controlling

the amount of solenoid valve On time. The Camshaft Position Actuator Solenoid Valve controls the advance or the
retard of each camshaft. The Camshaft Position Actuator Solerabi@ ontrols the oil flow that applies the pressure

to advance or retard the camshafts.

The ECM controls the Camshaft Position Actuator Solenoid Valve by suppling a 12 V pulse width modulated (PWM)
signal. The ECM supplies a ground to the low refereincait

8.2.3.14.5Conditions for Running the DTC

1  The ignition voltage is greater than 11 V
1  The ignition switch is in the crank or run position.
1 The ECM has commanded the Camshaft Position Actuator Solenoid Valve On.
1 The DTCs run continuously once the above contitare met.
113
REVISION1.0

RELEASE DAJE&6/2017



VeniceService Manual

Engine / Propulsion

VANDERHALL

8.2.3.14.6Conditions for Setting the DTC

The ECM detects that the commanded state of the driver and the actual state of the control circuit do not match for
greater than 5 seconds.

8.2.3.14.7Action Taken When the DTC Sets
DTCs P0010, P0013, P2088, P2089, P209®2091 are type B DTCs.

8.2.3.14.8Conditions for Clearing the DTC
DTCs P0010, P0013, P2088, P2089, P2090 and P2091 are type B DTCs.

8.2.3.14.9Diagnostic Aids
If the condition is intermittent, move the related harnesses and connectors, with the engine operating, while
monitoring the scan tool Circuit Test Status parameters for the component. The Circuit Test Status parameters change
from OK or Not Run to Malfunction if there is a condition with the circuit or a connection.

8.2.3.14.10. Reference Information

Schematic Reference
EngineControls Schematics

Connector End View Reference
Component Connector End Views

Component View Reference
Powertrain Component Views

Description and Operation
Camshaft Actuator System Description

Electrical Information Reference
1 Circuit Testing
1 ConnectoRepairs
9  Testing for Intermittent Conditions and Poor Connections
1  Wiring Repairs

DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions

Scan Tool Reference
Control Module Referencder scan tool information
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8.2.3.14.11. Circuit/System Verifiation

Note:
If a crankshaft or camshaft position sensor DTC is set, the Camshaft Position Actuator output
will not function.

1. Ignition On.
2. Verify DTC P0335, P0336, P0340, and P0341 is not set.
t If any of the DTCs are set
Refer toDiagnostic Trouble Code (DTC) List Vefaclturther diagnosis.
p If none of the DTCs are set
3. Verify the scan tool parameters listed below do not display Malfunction:
1 Camshaft Position Actuator Solenoid Valve Control Circuit Open test status
1 Camshaffosition Actuator Solenoid Valve Control Circuit High Voltage test status
t Malfunction is displayed
Refer to Circuit/System Testing.
p If Malfunction is not displayed
4. Engine idling at normal operating temperature.
5. Verify the scan tool parameters &st below do not display Malfunction when commanding the appropriate scan
tool Camshaft Position Actuator frongD0° and back to 0° with a scan tool:
1 Camshaft Position Actuator Solenoid Valve Control Circuit Open test status
1 Camshaft Position Actuat@&olenoid Valve Control Circuit High Voltage test status
1 Camshaft Position Actuator Solenoid Valve Control Circuit Low Voltage test status
t If Malfunction is displayed
Refer to Circuit/System Testing.
p If Malfunction is not displayed
6. Operate the vehiel within the Conditions for Running the DTC. You may also operate the vehicle within the
conditions that you observed from the Freeze Frame/Failure Records data.
7. Verify the DTC does not set.
t Ifthe DTC sets
Refer to Circuit/System Testing.
p If the DTC does not set
8. All OK.
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8.2.3.14.12. Circuit/System Testing

1. Ignition Off and all vehicle systems Off, disconnect the harness connector at the appropriate Q6 Camshaft Position
Actuator Solenoid Valve. It may take up to 2 minutes for all vehicle systems to powar d

Hd ¢Said FT2NI £t Saa Ky p m 0S0G6SSy (KS t26 NBFSNByOS OANDo
t If 5mor greater

2.1. Ignition Off, disconnect the harness connector at the K20 Engine Control Module.

HOHd ¢Sad FT2NJ fSaa GKIYy Hendn Ay (GKS 26 NBEFTSNBYyOS OANDdz
t If 2mor greater, repair the open/high resistance in the circuit.

t If less than 2, replace the K20 Engine Control Module.

pLT tS8aa GKIFyYy p m

3. Ignition On.

Note:
A test lamp must be used for this test. The control circuit is pulledo alow current voltage. The
current is too low to illuminate a test lamp. A voltage on the control circuit is normal.

4. Verify that a test lamp does not illuminate between the control circuit terminal 2and ground.
t If the test lamp illuminates
4.1. Igniton Off, disconnect the harness connector at the K20 Engine Control Module, ignition On.
4.2. Test for less than 1 V between the control circuit and ground.
t If 1V or greater, repair the short to voltage on the circuit.
t Ifless than 1V, replace the KE@igine Control Module.
p If the test lamp does not illuminate
5. Remove the test lamp.
6. Verify the scan tool parameters listed below do not display Malfunction when commanding the Camshaft Position
Actuator Solenoid Valve On with a scan tool:
1 Intake Camshaft Position Actuator Solenoid Valve Control Circuit Low Voltage Test Status
1  Exhaust Camshaft Position Actuator Solenoid Valve Control Circuit Low Voltage Test Status
1 Intake Camshaft Position Actuator Solenoid Valve Control Circuit High Voltage Test Stat
1  Exhaust Camshaft Position Actuator Solenoid Valve Control Circuit High Voltage Test Status
t If Malfunction is displayed
6.1. Ignition Off, disconnect the harness connector at the K20 Engine Control Module.
chPbHd ¢Sad TFT2NI f Szikuitérikogndn m Ay GKS O2y NPt
t If 2mor greater, repair the open/high resistance or short to ground in the circuit.
t If less than 2w, replace the K20 Engine Control Module.
p If Malfunction is not displayed
7. Test or replace the Q6 Camshaft Position Actuattar®a Valve.
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8.2.3.14.13. Component Testing

1. Ignition Off, disconnect the harness connector at the Q6 Camshaft Position Actuator Solenoid Valve.
2. Testfortmu m 0SG6SSy GKS O2yiNRf GSNXYAYIE ©w YR GKS t246 NBT
t If not between T12m

Replace th&)6 Camshaft Position Actuator Solenoid Valve.

pIf between M H M
3. Test for infinite resistance between each terminal and the Q6 Camshaft Position Actuator Solenoid Valve housing.

t If not infinite resistance

Replace the Q6 Camshaft Position Actuatde®aid Valve.
p If infinite resistance
4. All OK.

8.2.3.14.14. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.
1 Camshaft Position Actuator Solenoid Valve Replacement
1  Control Module Referencder Engine Control Moduleeplacement, programming and setup
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8.2.3.15. DTC P0011 or PO014
8.2.3.15.1Diagnostic Instructions
o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Preedure Instructionprovides an overview of each diagnostic category.
8.2.3.15.2DTC Descriptors
DTC P0O011
Intake Camshaft Position System Performance
DTC P0014

Exhaust Camshaft Position System Performance

8.2.3.15.3Diagnostic Fault Information

Circuit Short to Ground High Open Short to Signal
Resistance Voltage Performance

Camshaft Position Actuator Soleng P0010, P0013, | P0010, P0O013| P0010, PO013 P0010, P0013, P0011,
Valve P2088, P2090 P2089, P2091 P0014
High Control
Camshaft Position Actuator Soleng - P0010, PO013| P0010, PO013 - -
Valve
LowReference

8.2.3.15.4Circuit/System Description

The camshaft position (CMP) actuator system enables the engine control module (ECM) to change the timing of the
camshafts while the engine is operating. The camshaft position actuatenaid valves are operated hydraulically in

order to change the angle of the camshaft relative to crankshaft position. The camshaft position actuator solenoid
valves are controlled by the engine control module (ECM). The ECM sends a pulse width mcsigtaietb the
camshaft position actuator solenoid valves. The camshaft position actuator solenoid valves control the amount of
engine oil flow that applies the pressure to advance or retard the camshafts.

8.2.3.15.5Conditions for Running the DTC

DTC P0010, PO01B0016, P0017, PO335, P0340, P0341, P0365, or PO366 is not set.

The engine is running.

The ignition voltage is between 432 V.

The camshaft position actuator is enabled.

The rate of change in the camshaft position is less than 3° for 4 s.

DTCs P0011 and ®B! runs continuously once the above conditions are met for greater than 0.1 s.

E N IE R I

8.2.3.15.6Conditions for Setting the DTC

The ECM detects a difference between the camshaft position angle and the desired camshaft position angle is greater
than 6 to 10° based on engircoolant temperature and engine speed.

8.2.3.15.7Action Taken When the DTC Sets
DTCs P0011 and P0014 are Type B DTCs.
8.2.3.15.8Conditions for Clearing the DTC

DTCs P0011 and P0014 are Type B DTCs.
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8.2.3.15.9Diagnostic Aids

1  The engine oil condition has a major impact on the carfiskietuator system.

1  Alow oil level condition may set this DTC. The engine may require an oil change. Inquire with the customer when the
last oil change was performed. You may also monitor the scan tool Engine Oil Life Remaining parameter. Advise the
custamer an oil change may be required.

1 Inspect the engine for any recent engine mechanical repairs. An incorrectly installed camshaft, camshaft actuator, or
timing belt can cause this DTC to set.

f ! NBaradlyOS aANBIGSN (K y polenoid2afve dorird cir€uit ivay Ket tRiDTCIX gob G A 2y |
suspect high resistance, ground the control circuit while the engine is idling. The scan tool Intake or Exhaust Camshaft
Position Actuator Solenoid Valve Control Circuit Low Voltage Test Status displdy Malfunction. If the parameter
displays OK, test the control circuit for high resistance.

8.2.3.15.10. Reference Information

Schematic Reference
Engine Controls Schematics
Connector End View Reference
Component Connector End Views
Component View Reference
Powertrain Component Views
Description and Operation
Camshaft Actuator System Description
Electrical Information Reference
1 Circuit Testing
1  Connector Repairs
1  Testing for Intermittent Conditions and Poor Connections
1  Wiring Repairs
DTC Type Reference
Powertran Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control Module Referencder scan tool information
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8.2.3.15.11. Circuit/System Verification

Note:
The engine oil level and the oil pressure are critical to the correct operation of the camsiéfon
actuator system. Verify that the engine has the correct oil level and the correct oil pressure |
continuing with this diagnostic.

The engine oil condition has a major impact on the camshaft actuator system. Debris in the

interfere with the camshaft position actuator solenoid and the mechanical camshaft actu
operation. Inspect for dirty or degraded crankcase oil. The engine may require an oil change.

with the customer when the last oil change was performed. You may alsdtendhe scan tool
Engine Oil Life Remaining parameter. Advice the customer an oil change may be required.

[EY

. Ignition On.
2. Verify the correct engine oil pressure. RefefibPressure Diagnosis and Testing
t If the oil level and the oil pressure aneot correct
Repair as necessary
p If the oil level and the oil pressure are correct

Note:
If a crankshaft or camshaft position sensor DTC is set, the scan tool Camshaft Position A
output control will not function.

3. Verify DTC P0010, POOEX016, P0017, P0335, P0336, P0340, P0341, P0365, P0366, P2088, P2089, P2090 or
P2091 is not set.
t If any of the DTCs are set
Refer toDiagnostic Trouble Code (DTC) List Vefaclturther diagnosis.
p If none of the DTCs are set
4. Engine idling.
5. Verfy the scan tool parameters are less than 2° in each of the commanded states when commanding the Camshaft
PositionActuator from @20° and back to 0° with the scan tool.
1 Intake Camshaft Position Variance
1 Exhaust Camshaft Position Variance
t If 2° or greate
Refer to Circuit/System Testing.
p If less than 2°
6. Verify that DTC P0011 or PO014 is not set.
t If any of the DTCs are set
Refer to Circuit/System Testing.
p If none of the DTCs set
7. Operate the vehicle within the Conditions for Running the DTC.mé&ualso operate the vehicle within the
conditions that yowbserved from the Freeze Frame/Failure Records data.
8. Verify the DTC does not set.
t If the DTC sets
Refer to Circuit/System Testing.
p If the DTC does not set
9. All OK.
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8.2.3.15.12. Circuit/SystemTesting

1. Ignition Off, disconnect the harness connector at the appropriate Q6 Camshaft Position Actuator Solenoid Valve. It

may take up t® minutes for all vehicle systems to power down.

Hd ¢Said FT2N £tSaa GKFIYy p m oablioprSaBdiroindS 26 NBFSNBYyOS OAND
t LT p m 2NJ INBFGESNI

2.1. Ignition Off, disconnect the harness connector at the K20 Engine Control Module.

HOHD ¢Sad F2NJ fSaa Ky W m Ay (GKS t29¢ NSTSNJS)/OS OAN
t+ LT # m 2NJ IANBI G§SNE N;SLchrrcNu GKS 2LIykKAIK NBaradlyOS Ay i
t LT £S8Saa GKFYy H mX NBLXI G§KS Yun 9y3AyS /2yuN Rt az2RdzZ S
pLT tS8aa GKIFyYy p m
3. Ignition On.

Note:
A test lamp must be used for this test. The control circuit is ptiledo a low current voltage, 1¢5
4.5V on the control circuit is normal.

4. Verify that a test lamp does not illuminate between the control circuit terminal 2 and ground.
t If the test lamp illuminates
4.1. Ignition Off, disconnect the harness connector at the K20 Engine Control Module, ignition On.
4.2. Test for less than 1Bétween the control circuit and ground.
+ If 1V or greater, repair the short to voltage on the circuit.
t Ifless than 1V, replace the K20 Engine Control Module.
p If the test lamp does not illuminate
5. Verify the test lamp illuminates when commandthg appropriate Camshaft Position Actuator Solenoid Valve On
with a scan tool.
t If the test lamp does not illuminate
5.1. Ignition Off, disconnect the harness connector at the K20 Engine Control Module.
pPHd ¢Sad F2NJ £ Saa dntogndn m Ay GKS O2yiNRt OANDdzA{G S
t If 2mor greater, repair the open/high resistance or short to ground in the circuit.
t If less than 2w, replace the K20 Engine Control Module.
p If the test lamp illuminates
6. Ignition Off, remove the Q6 Camshaft Position Actuator Soleralick.
7. Verify the conditions listed below do not exist with the Q6 Camshaft Position Actuator Solenoid Valve:
7.1. Torn, restricted, mipositioned, or missing screens.
7.2. Engine oil leak between the oil sealing lands of the solenoid. Inspect thedhtite solenoid for nicks.
7.3. Oil seepage at the solenoid connector.
t If a condition is found
Replace the Q6 Camshaft Position Actuator Solenoid Valve.
p If a condition is not found

Note:
After swapping toe solenoids, install jumper wires to thepropriate terminals of the harnes|
connectors and the solenoids.

8. Ignition Off, swap the Q6 Camshaft Position Actuator Solenoid Valve with the Q6 Camshaft Position Actuator
Solenoid Valve that is operating correctly.
9. Engine idling.
10. Verify thescan tool Camshaft Position Variance parameter is less than 2° in each of the commanded states when
commanding the Camshaft Position Actuator frog20° and back to 0° with a scan tool.
t If 2°or greater
Replace the mechanical camshaft position actuator.
p If less than 2°
11. Test or replace the Q6 Camshaft Position Actuator Solenoid Valve.
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8.2.3.15.13. Component Testing

1. Ignition Off, disconnect the harness connector at the Q6 Camshaft Position Actuator Solenoid Valve.
2. Testformmun m 0SGHSSyYy (KHndEn2 Wi rsiBrdnce Ci@ntkerminal 1.
t If notbetween7zMH m
Replace the Q6 Camshaft Position Actuator Solenoid Valve.
pIfbetween 7MH m
3. Test for infinite resistance between each terminal and the Q6 Camshaft Position Actuator Solenoie\sitvg
t If not infinite resistance
Replace the Q6 Camshaft Position Actuator Solenoid Valve.
p If infinite resistance
4. All OK

8.2.3.15.14. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.

1 Camshaft Position Actuator Sotad Valve Replacement
1  Control Module Referencder ECM replacement, programming and setup
123
REVISION1.0

RELEASE DAJE&6/2017



VeniceService Manual

Engine / Propulsion

VANDERHALL

8.2.3.16. DTC P0016 or PO017
8.2.3.16.1Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.16.2DTC Descriptors

DTC P0016

Crankshaft Positiog Intake Camshaft Position Not Plausible
DTC P0017

Crankshaft Positiog ExhaustCamshaft Position Not Plausible

8.2.3.16.3Circuit/System Description

The engine control module (ECM) uses the crankshaft position sensor, intake camshaft position sensor, and the
exhaust camshaft position sensor information to monitor the correlation between thakshaft, intake camshaft,
and exhaust camshaft position.

8.2.3.16.4Conditions for Running the DTC

1 DTCs P0335, P0336, P0340, P0341, P0365, P0366, P0641, or P0651 is not set
1  The engine is running.
1  The camshaft position actuator solenoid valves are in the parkediqsi

The DTCs run continuously once the above conditions are met.

8.2.3.16.5Conditions for Setting the DTC

The ECM detects a camshaft to crankshaft misalignment. The DTC sets if the crankshaft position sensor signal is 10
degrees before or after the normal positian relation to the crankshaft angle while the engine is running.

8.2.3.16.6Action Taken When the DTC Sets

DTCs P0016 and P0017 are Type B DTCs.
8.2.3.16.7Conditions for Clearing the DTC

DTCs P0016 and P0017 are Type B DTCs.
8.2.3.16.8Diagnostic Aids

The following conditions caaiso set the DTCs:
1  Ashort to ground in a camshaft position actuator solenoid valve control circuit.
1 Crankshaft end play out of specification.
1 A crankshaft reluctor wheel that has moved in relationship to top dead center (TDC).

8.2.3.16.9Reference Information

Desciption and Operation

Camshaft Actuator System Description
DTC Type Reference

Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference

Control Module References for scan tool information
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8.2.3.16.10. Circuit/System Verification

1. Ignition ON.
2. \erify DTC P0335, P0336, P0340, P0341, P0365, P0366, PO641 or PO651 is not set.
t If any of the DTCs are set

Refer to Diagnostic Trouble Code (DTC) List Vehicle.
p If none of the DTCs are set
3. Engine Running at normal operating temperature.
4. Verify DT®0016 or PO017 is not set.
t Ifthe DTC is set
Inspect for the following and repair as necessary:

1 A Q6 Camshaft Position Actuator Solenoid Valve that is stuck in the full advance or retard position.

The correct installation of the Q6 Camshaft Posi#atuator Solenoid Valves.
The correct installation of the B23 Camshaft Position Sensors.
The correct installation of the B26 Crankshaft Position Sensor.
A timing chain tensioner condition.
An incorrectly installed timing chain.
Excessive play in the timirgain.
A crankshaft reluctor wheel that has moved in relationship to top dead center (TDC) on the crankshaft.
p If the DTC is not set
5. Operate the vehicle within the Conditions for Running the DTC. You may also operate the vehicle within the
conditionsthat you observed from the Freeze Frame/Failure Records data.
6. Verify the DTC does not set.
t If the DTC sets

A mechanical condition listed above still exists.
p If the DTC does not set
7. All OK.

=A =4 =4 =8 -4 -89

8.2.3.16.11. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.

1 Camshaft Position Actuator Solenoid Valve Replacement
1 Camshaft Position Sensor Replacement
1  Crankshaft Position Sensor Replacement
1 Timing Chain Tensioner Replacement
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8.2.3.17.1Diagnostic Instructions

DTC P0O03®0032, PO03€0038,P0053, PO054, PO135, or P0141

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.17.2DTC Descriptors

DTC P0030

HO2S Heater Control Circuit Sensor 1

DTC P0031

HO2S Heater Control Circuit Low Voltage Sensor 1

DTC P0032

HO2S Heater Control Circuit High Voltage Sensor 1

DTC P0036

HO2S HeateControl Circuit Sensor 2

DTC P0037

HO2S Heater Control Circuit Low Voltage Sensor 2

DTC P0038

HO2S Heater Control Circuit High Voltage Sensor 2

DTC P0053

HO2S Heater Resistance Sensor 1

DTC P0054

HO2S Heater Resistance Sensor 2

DTC P0135

HO2S Heater Perfarance Sensor 1

DTC P0141

HO2S Heater Performance Sensor 2

8.2.3.17.3Diagnostic Fault Information

VANDERHALL

Circuit

Short to Ground

High
Resistance

Open

Short to
Voltage

Signal
Performance

HO2S Heater Voltage Supply

P0030, P0036,
P0102, P0132,
P0134, P0O135,
P0138, P0141,

P0030, P0036,
P0132, P0134,
P0135, P0138,
P0140, P0141,

P0030, PO036,
P0132, P0134,
P0135, P0138,
P0140, P0141

P0690

P0135, P0141

P0443, * P0154, PO155,
P0158, P0160,
P0161
HO2S Heater Control P0030, P0O031,| PO030,P0036, | PO0O30, PO036,| P0O030, PO032,| PO135, P0141

P0036, P0O037,
P0053, P0054,
P0135, P0141

P0053, P0132,
P0135, P0138,
P0140, PO141

P0132, P0134,
P0135, P0138,
P0140, PO141

P0036, P0038,
P0132, P0134,
P0135, P0138,
P0140, P0141,
P0690

*Opens Fuse
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8.2.3.17.4Typical Scan Tool Data
HO2S Sensor Qurrent/HO2S Sensor 2 Current
Circuit | Short to Ground | Open | Short to Voltage
Parameter Normal Range: @25 A
HO2S Heater Low Control 0A 0A 0A
HO2S Heater Voltage Supply 0A 0A 0.2¢2 A

8.2.3.17.5Circuit/System Description

Heated oxygen sensors (HO2S) ased for fuel control and postatalyst monitoring. Each HO2S compares the
oxygen content of the surrounding air with the oxygen content in the exhaust stream. Each HO2S must reach
operating temperature to provide an accurate voltage signal. A heatingezieimside each of the HO2S minimizes

the time required for the sensor to reach operating temperature. Voltage is provided to the heater by an ignition
voltage circuit through a fuse. With the engine running, ground is provided to the heater by the H&2E low

control circuit, through a low side driver within the engine control module (ECM). The ECM usesvidthse
modulation (PWM) to control the HO2S heater operation to maintain a specific HO2S operating temperature range.

8.2.3.17.6Conditions for Running th®TC

P0030, P0031, P0032, PO036, PO037 and PO038

1
1
1

The system voltage is betweenc@R V.
The engine speed is greater than 400 RPM.
The DTCs run continuously when the above conditions are met for greater than 5 s.

P0053 and P0054

=A =8 =8 -8 -8 -8 -8

DTCs P0111, P0112, POIR3114, P0116, PO117, P0118, PO119 or P2610 are not set.

The system voltage is less than 32 V.

The ignition is OFF for greater than 8 h.

The engine is running.

¢tKS 9/¢ Aa 0SG6SSy bon (2 bnpc/ O6bHH (2 bBMMOCCU®
The engine coolant temperature (ECT) and thakatair temperature (IAT) are within 8°C (14°F).

The DTCs run once per valid cold startup

when the above conditions are met.

P0135 and P0141

= =4 = -4 - =9

DTCs P0116, P0117, P0118, P0119 or P0128 are not set.

The system voltage is betweenc32 V.

The HO2S heaters are@perating temperature.

The scan tool HO2S Heater device control is not active.

The commanded HO2S heater duty cycle is greater than 0%.

The DTCs run twice per drive cycle when the above conditions are met for greater than 30 s.

8.2.3.17.7Conditions for Setting tk DTC

P0030, P0031, P0032, P0O036, P0O037 and PO038

The ECM detects that the commanded state of the driver and the actual state of the control circuit do not match for
greater than 5 s.

P0053 and P0054

The ECM detects the HO2S heater is not withiaw & atrengine startup.

P0135 and P0141

The ECM detects the HO2S heater current is less than 0.30 A or greater than 2.5 A for greater than 8 s.

8.2.3.17.8Action Taken When the DTC Sets

DTC P0030, P0031, PO032, P0036, PO037, PO038, PO053, P0054, P0135, and PO14A EAe&CEype

8.2.3.17.9Conditions for Clearing the DTC
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DTC P0030, P0031, P0032, P0036, P0O037, P0038, PO053, P0054, P0135, and P0141 are Type B DTCs.
8.2.3.17.10. Diagnostic Aids

If the condition is intermittent, move the related harnesses and connectors, with the engine opexaliilg monitoring the

scan tool circuit status parameters for the component. The circuit status parameters will change from OK or Not Run to
Malfunction if there is a condition with the circuit or a connection.

An open fuse in the HO2S heater circuit maychused by the heater element in one of the sensors. The condition may not be
present until the sensor operates for a period of time. If no fault is present in the heater circuit, monitor the ampeeagé of
heater with a scan tool to determine if one tble heater elements is the cause of the open fuse. Inspect the sensor pigtail or
the harness for contacting the exhaust system.

8.2.3.17.11. Reference Information

Schematic Reference
Engine Controls Schematics
Connector End View Reference
Component Connector End View
Electrical Information Reference
1  Circuit Testing
1  Connector Repairs
9  Testing for Intermittent Conditions and Poor Connections
1  Wiring Repairs
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control Module Referencder scan tool information

8.2.3.17.12. Circuit/System Verification

1. Engine idling.
2. Verify the parameters listed below do not display Malfunction.
1 HO2S 1 or 2 Heater Control Circuit Low Voltage Test Status
1 HO2S 1 or 2 Heater Control CitdDpen Test Status
1 HO2S 1 or 2 Heater Control Circuit High Voltage Test Status
t If Malfunction is displayed
Refer to Circuit/System Testing.
p If Malfunction is not displayed
3. Operate the vehicle within the conditions for running the DTC. You mayoptsate the vehicle within the
conditions that you
observed from the Freeze Frame/Failure Records data.
4. Verify the DTC does not set.
t Ifthe DTC sets
Refer to Circuit/System Testing.
p If the DTC does not set
5. All OK.
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8.2.3.17.13. Circuit/System Testing

1. Ignition OFF, disconnect the harness connector at the appropriate B52 Heated Oxygen Sensor. Ignition ON.
2. Verify that a test lamp illuminates between the ignition voltage circuit terminal 1 and ground.
t If the test lamp does not illuminate and the ciréfuse is good
2.1. Ignition OFF.
HOHD ¢Sad F2NJ £Saa GKIY H m Ay GKS AJyAdGAazy OANDIz
t If 2mor greater, repair the open/high resistance in the circuit.
t If less than 2w, verify the fuse is OK and there is voltage at the fuse.
t If the test lamp does not illuminate and the circuit fuse is open
2.1. Ignition OFF, remove the test lamp.
2.2. Test for infinite resistance between the ignition circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
t If infinite resistance, test all components connected to the fuse and replace as necessary.
p If the test lamp illuminates
3. Verify that a test lamp does not illuminate between the ignition voltage circuit terminal 1 and the control circuit
terminal 2.
t If the test lamp illuminates
3.1. Ignition OFF, remove the test lamp, disconnect the harness connector at the K20 Engine Control
Module.
3.2. Test for infinite resistance between the control circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
t If infinite resistance, replace the K20 Engine Control Module.
p If the test lamp does not illuminate
4. Remove the test lamp.
5. Verify the scan tool HO2S 1 or 2 Heater Cor@icuit High Voltage Test Status parameter is OK when commanding
the HO2S$Heater Sensor 1 or 2 ON with a scan tool.
t If OK is not displayed
5.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module, ignition ON.
5.2. Test fotess than 1 V between the control circuit and ground.
t If 1V or greater, repair the short to voltage on the circuit.
t If less than 1V, replace the K20 Engine Control Module.
p If OK is displayed

Note:
[ Saa GKFEYy wmn m 27T | Riiibrivbliage lcifcuit, iScritral Gircuf D&/ se2
DTC. If there is a resistance on a circuit, the driver will remain ON and the scan tool HOZ
Voltage Test Status parameter will display OK. Performing this test may set additional DTCs.

6. Installa 10 A fused jumper wire between the control circuit terminal 2 and the ignition voltage circuit terminal 1.

Note:
This test may only be performed once per key cycle. If test is repeated, ignition OFF, all
engine control module tgshut downcompletely, then ignition ON.

7. Verify the scan tool HO2S 1 or 2 Heater Control Circuit High Voltage Test Status parameter is Malfunction when
commanding theHO2S Heater Sensor 1 or 2 ON with a scan tool.
t If Malfunction is not displayed
7.1. IgnitionOFF, remove the jumper wire, disconnect the harness connector at the K20 Engine Control
Module.
TOHD ¢Sad F2NI£Saa GKFY H m Ay (G(KS O2yiNRBt OANDdzAlG S
t LT m 2NJ IANBFGESNE NBLI ANJ GKS 2LI8ykKAIK NBaradl
t LT 4 ( KtheyK20HEngimZ CoNt®ILMbdul®. S
p If Malfunction is displayed
8. Test or replace the B52 Heated Oxygen Sensor.

S

ax
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8.2.3.17.14. Component Testing

1. Ignition OFF, disconnect the harness connector at the appropriate B52 Heated Oxygen Sensor.
2. Testfor@ n m 0 S ligniBod yoltaekciBeuit terminal 1 and the control circuit terminal 2.
t If not within the specified range
Replace the B52 Heated Oxygen Sensor.
p If within the specified range
3. All OK.

8.2.3.17.15. Repair Instructions

Perform theDiagnostic Repair Verificati@after completing the repair.
1 Heated Oxygen Sensor Replacement Sensor 1
1 Heated Oxygen Sensor Replacement Sensor 2
1 Perform the scan tool Heated Oxygen Sensor Resistance Learn Reset after replacing a HO2S.
1  Control Module Referencder ECM replacement, programng and setup.
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8.2.3.18. DTC PO0O3®0035

8.2.3.18.1Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.18.2DTC Descriptors

DTC P0033

Turbocharger Bypass Solenoid Valve Control Circuit

DTC P0034

Turbocharger Bypass Solenoid Valve Control Circuit Low Voltage

DTC P0035

Turbocharger Bypass Solenoid Valve Cof@naluit High Voltage

8.2.3.18.3Diagnostic Fault Information

VANDERHALL

Circuit

Short to Ground

Open/High
Resistance

Short to
Voltage

Signal
Performance

Ignition Voltage Circuit

PO030, P0034,
P0036, P0134,
P0135, P0245,
P0443, P0598*

P0030, PO033,
P0034, P0036,
P0134, P0135,
P0140, P0141,

P0243, P0245,
P0443, P0597
P0033

Control Circuit P0034 P0010, P0O013, -
P0035, P0443,

P0690

* |gnition fuse opens.

8.2.3.18.4Circuit/System Description

The turbocharger incorporates a waggate that is controlled by a pressure differential that is determined by the engine
control module (ECM) by means of a PWM solenoid valve, in order to regulate the pressure ratio of the turbocharger. A
turbocharger bypss valve also controlled by the ECM by utilizing a remotely mounted solenoid valve is integrated into the
bypass valve to prevent turbocharger surging and damage from vibrations by opening during abrupt closed throttle
conditions. When the valve is operurihg closed throttle deceleration conditions, the bypass valve allows the air to
recirculate in the turbocharger and maintain turbocharger speed. Within a calibrated range during the closed throttle
event, or upon a wide open throttle command the valvél Wien close to optimize turbo response. The bypass solenoid
valve has the following circuits:

1 Ignition voltage
1  Turbocharger bypass solenoid valve control

As engine load and engine speed increases, the turbocharger bypass solenoid valve remains commanded ON by the ECM.
As soon as the throttle closes the turbocharger bypass solenoid valve is commanded OFF by the ECM, in order to allow the
turbocharger bypasegalve to open and allow the turbocharger air to recirculate, there by preventing turbocharger surging.

8.2.3.18.5Conditions for Running the DTC

1 The engine is not cranking.
1  The powertrain relay voltage is greater than 11 V.
1 The run/crank voltage is greater than 6 V.
1  The DTC run continuously when the above conditions are met.
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8.2.3.18.6Conditions for Setting the DTC

The ECM detects an open, a short to ground, or a short to voltage on the turbocharger bypass solenoid valve control
circuit for greater than 1 s.

8.2.3.18.7Action Taken Wkn the DTC Sets

DTC P0033, P0034, P0O035 are Type B DTCs.
8.2.3.18.8Conditions for Clearing the DTC

DTC P0033, P0034, P0O035 are Type B DTCs.
8.2.3.18.9Reference Information

Schematic Reference
Engine Controls Schematics
Connector End View Reference
Component Connector Endiews
Description and Operation
Turbocharger System Description
Electrical Information Reference
1 Circuit Testing
1  Connector Repairs
1  Testing for Intermittent Conditions and Poor Connections
1  Wiring Repairs
DTC Type Reference
Powertrain Diagnostic Trouble Co(2TC) Type Definitions
Scan Tool Reference
Control Module Referencder scan tool information

8.2.3.18.10. Circuit/System Verification

1. Ignition ON, Verify the parameters listed below do not display Malfunction when commanding the Turbocharger
Bypass Solenoid Val\ON and OFF with a scan tool:
1 Turbocharger Bypass Solenoid Valve Control Circuit Low Voltage Test Status
1  Turbocharger Bypass Solenoid Valve Control Circuit Open Test Status
1  Turbocharger Bypass Solenoid Valve Control Circuit High Voltage Test Status
t If Malfunction is displayed
Refer to Circuit/System Testing.
p If Malfunction is not displayed
2. Operate the vehicle within the Conditions for Running the DTC. You may also operate the vehicle within the
conditions that you observed from the Freeze Fréradure Records data.
3. Verify a DTC does not set.
t IfaDTC sets
Refer to Circuit/System Testing
p If a DTC does not set
4. All OK
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8.2.3.18.11. Circuit/System Testing

[EY

. Ignition OFF, disconnect the harness connector at the Q40 Turbocharger Bypass SolendighitaneON.
2. Verify a test lamp illuminates between the ignition circuit terminal 2 and ground.
t If the test lamp does not illuminate and the circuit fuse is good

2.1. Ignition OFF, remove the test lamp.

HOH D ¢Sad TF2NJ f Saicuitlenditoends m Ay GKS AIyAlGAzy

t If 2mor greater, repair the open/high resistance in the circuit.

t If less than 2w, verify the fuse is not open and there is voltage at the fuse.
t If the test lamp does not illuminate and the circuit fuse is open

2.1. Ignition OFFemove the test lamp.
Note:

If a crankshaft or camshaft position sensor DTC is set, the Camshaft Position Actuator output
will not function.

Note: |
An internal short in any component supplied by the fuse may cause the fuse to open anB®
when the component is activated.

2.2. Test for infinite resistance between the ignition circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
t If infinite resistance, test all components connected to ifpeition voltage circuit for a short and replace
as necessary.
p If the test lamp illuminates
3. Verify that a test lamp does not illuminate between the control circuit terminal 1 and the ignition circuit terminal 2.
t If the test lamp illuminates
3.1. Igntion OFF, disconnect the harness connector at the K20 Engine Control Module. Remove the test
lamp.
3.2. Test for infinite resistance between the control circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
t If infinite resistance, replace the K20 Engine Control Module.
p If the test lamp does not illuminate
4. Remove the test lamp.
5. Verify the scan tool Turbocharger Bypass Solenoid Valve Control Circuit High Voltage Test Status parameter is OK
when commanthg the Turbocharger Bypass Solenoid Valve Active with a scan tool.
t If OK is not displayed
5.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module, ignition ON.
5.2. Test for less than 1 V between the control circuit and igglou
t If 1V or greater, repair the short to voltage on the circuit.
t If less than 1V, replace the K20 Engine Control Module.
p If OK is displayed
6. Install a 3 A fused jumper wire between the control circuit terminal 1 and the ignition circuit terminal
7. Verify the scan tool Turbocharger Bypass Solenoid Valve Control Circuit High Voltage Test Status parameter is
Malfunction when commanding the Turbocharger Bypass Solenoid Valve Active with a scan tool.
t If Malfunction is not displayed
7.1. IgnitionOFF, disconnect the harness connector at the K20 Engine Control Module.
TOHD ¢Sad F2NI£Saa GKFY H m Ay (G(KS O2yiNRBt OANDdzAlG S
t If 2mor greater, repair the open/high resistance in the circuit.
t If less than 2w, replace the K20 Engine Contkébdule.
p If Malfunction is displayed
8. Test or replace the Q40 Turbocharger Bypass Solenoid Valve.
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8.2.3.18.12. Component Testing

Static Test
1. Ignition OFF, disconnect the harness connector at the Q40 Turbocharger Bypass Solenoid Valve.
2. Testfor21 T m @ &iimimad Band terminal 2 of the solenoid valve.
t If not between 20H T m
Replace the Q40 Turbocharger Bypass Solenoid Valve.
p If between 20H T m
3. All OK

Dynamic Test
1. Install a 10 A fused jumper wire between the Ignition terminal 2 and 12stall a jumper wire between
the control terminal 1 and ground.
2. Verify the solenoid clicks.
t If the solenoid does not click
Replace the Q40 Turbocharger Bypass Solenoid Valve.
p If the solenoid clicks
3. All OK

8.2.3.18.13. Repair Instructions

Perform theDiagno&ic Repair Verificatioafter completing the repair.
1 Charge Air Bypass Regulator Solenoid Valve Replacement
1  Control Module Referencder ECM replacement, programming and setup
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8.2.3.19. DTC P0068 or P1101
8.2.3.19.1Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.19.2DTC Desgqutor

DTC P0068

Throttle Body Air Flow Performance
DTC P1101

Intake Air Flow System Performance

8.2.3.19.3Circuit/System Description

The engine control module (ECM) compares actual airflow based on throttle position (TP) to a calculated airflow
based on manifoldbsolute pressure (MAP) sensor, and mass air flow (MAF).

8.2.3.19.4Conditions for Running the DTC

DTC P0068
1 The engine speed is at least 800 RPM.
1 The ignition voltage is at least 6.4 V.
1  The DTC runs continuously when the above conditions are met.
DTC P1101
DTC P01® P0103, P0107, PO111, PO112, PO113, PO116, P0117, P0118, P0335,0r P0336 is not set
The engine speed is between 400000 RPM
¢KS SyaiaysS 022t yd GSYLISNI GdzZNE 69/ ¢06 Aa o0SGsSSy b
CKS AYyadlr1S AN GSYLISNbuwgNS/ oat e viaabwSieSEY bLun (2
The DTC runs continuously when the above conditions are met.

E R

8.2.3.19.5Conditions for Setting the DTCs
The ECM detects that the actual airflow rate is greater than the calculated airflow.
8.2.3.19.6Action Taken When the DTCs Set

1 DTC P0068 is a typeDXC.
f 5¢/ tnncy Aa I GewsS . 5¢/* gAGK wth [55@®
f DTCP1101is atype B DTC.

8.2.3.19.7Conditions for Clearing the DTCs

f DTC P0068 is a type A DTC.
f 5¢/ tnncy Aa | dewls . 5¢/* gAGK wth [55®
1 DTCP1101is atype B DTC.
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8.2.3.19.8Reference Information

Schematic Reference
EngineControls Schematics
Connector End View Reference
Component Connector End Views
Electrical Information Reference
1  Circuit Testing
1  Connector Repairs
1  Testing for Intermittent Conditions and Poor Connections
1  Wiring Repairs
Powertrain Component Views
PowertrainComponent Views
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control Module Referencder scan tool information

8.2.3.19.9Circuit/System Verification

1. Ignition ON.
2. Verify that DTC DTC P0641, P0651, PO6%N6AS is not set.
t If any of the DTCs are set
Refer toDTC P0641, P0651, P0697, or PUeARUrther diagnosis.
p If none of the DTCs are set
3. Ignition ON.
4. Verify the scan tool Throttle Body Idle Airflow Compensation parameter is less than 90 %.
t 1f 90 % or greater
Refer toThrottle Body Inspection and Cleaning
p If less than 90 %
5. Verify the scan tool Throttle Position Sensors 1 and 2 Agree/Disagree parameter displays Agree while performing
the Throttle Sweep Test with a scan tool.
t If Disagee
Refer toDTC P012P0123, P0222, P0223, or P2186further diagnosis.
p If Agree
6. Determine the current vehicle testing altitude.
7. Verify the scan tool MAP Sensor pressure parameter is within the range specifiedhifittiiee Versus Barometric
Pressure table.
t If the MAP Sensor parameter is not in range
Refer toDTC P010for further diagnosis.
p If the MAP Sensor parameter is within range
8. Verify the engine is equipped with a turbocharger.
t If not equipped with a turbocharger
Refer to Sted 1.
p If equipped with a turbocharger
9. Verify the scan tool Boost Pressure Sensor parameter is within the range specified Adtitheée Versus
Barometric Pressure table.
t If the Boost Pressure Sensor parameter is not in range
Refer toDTC P023for further diagnosis.
p If the Boost Pressure Sensor parameter is within range
10. Verify the scan tool Boost Pressure Sensor parameter decreases after starting the engine.
t If the Boost Pressure Sensor parameter does not decrease
Refer toDTC P023for further diagnosis.
p If the Boost Pressure Sensor parameter is within range
11. Engine idling, verify the scan tool MAP Sensor pressure parameter is betwesd @Ba (3.87.5 PSI) and
changes withaccelerator pedal input.
t If not between 26,52 kPa (3.87.5 PSlor does not change
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Refer to DTC P0106 for further diagnosis.
p If between 26;52 kPa (3.87.5 PSI) and changes
12. Verify the scan tool MAF Sensor g/s parameter changes smoothly and gradually as the engine speed is increased
and decreaseavhile performingthe actions listed below.
12.1. Engine idling
12.2. Perform the scan tool snapshot function.
12.3. Increase the engine speed slowly to 3,000 RPM and then back to idle.
12.4. Exit from the scan tool snapshot and review the data.
12.5. Observe the MAF Sengmrameter frame by frame with a scan tool.
t If the MAF Sensor parameter does not change smoothly and gradually
Refer to DTC P0101 for further diagnosis.
p If the MAF Sensor parameter changes smoothly and gradually
13. Operate the vehicle within the Cdtidns for Running the DTC. You may also operate the vehicle within the
conditions that yowbserved from the Freeze Frame/Failure Records data.
14. Verify the DTC does not set.
t If the DTC does set
Refer to Circuit/System Testing for further diagnosis.
p If the DTC does not set
15. All OK

8.2.3.19.10. Circuit/System Testing

Note:
You must perform the Circuit/System Verification before proceeding with Circuit/System Testi

1. Verify the integrity of the entire air induction system by verifying that none ofdalewing conditions exist:
Any damaged components
LYLINRLISNI 2LISN} GA2Yy 2F Gdz2ND2OKFNHSNI g adsS3aridsS | Oldda G2
Improperly installed components
Collapsed, restricted, or damaged components
Loose clamps, cracks, or other damage
An ar flow restriction
Restricted air filter
Splits, kinks, leaks, or improper connections at the vacuum hoses
Vacuum leaks at the intake manifold, MAP sensor, and throttle body
Water intrusion
Any snow or ice buildup, in cold climates
Contamination of the MR sensor element
Missing, restricted, or leaking exhaust componenRefer toSymptoms Engine Exhadet further
diagnosis.
t If a condition is found
Repair or replace component as appropriate.
p If no condition is found
2. Test the engine for a mechanical condition. Refésytmptoms Engine Mechanidaf diagnosis.
t If a condition is found
Repair or replace component as appropriate.
p If no condition is found
3. AllOK

ESE R R I B I B R R

8.2.3.19.11. Repair Instructions

Perform theDiagnostic RepaWerificationafter completing the repair.
Control Module Referencder engine control module replacement, programming, and setup
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8.2.3.20. DTC P0096 or PO111
8.2.3.20.1Diagnostic Instructions
o Perform the Diagnostic System Check Velpdier to using this diagnostic procete.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.
8.2.3.20.2DTC Descriptors
DTC P0096
Intake Air Temperature (IAT) Sensor 2 Performance
DTC P0111
Intake Air Temperature (IAT) Sensor 1 Performance
8.2.3.20.3Diagnostic Fault Information
IAT Sensor 1
Circuit Short to Ground Open/High Short to Signal
Resistance Voltage Performance
Sensor PO112, PO114**| PO113, PO114** | P0113, P0114** | P0111P0114**
P2199 P2199 P2199*
Low Reference - P0O097, PO113, * -
POOEA, P2227,
P2229
*Internal ECM or sensor damage may occur if the circuit is shorted to B+.
**Where used.
IAT Sensor 2
Circuit Short to Ground Open/High Short to Signal
Resistance Voltage Performance
5 VReference P0097, POOF4, P0096, P0097, P0097, POOF4, -
P0651, P2199, POOF4, P2199, P0651, P2199,
P2227, P2228 P2227, P2228 P2227, P2228
Sensor P0097, POOFS5, P0097, POOF4, P0097, POOF4, -
P2199 P2199 P2199*
Low Reference - P0097, POOF4, * -
P0113, P2227,
P2229
*Internal ECM or sensor damage may occur if the circuit is shorted to B+.
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8.2.3.20.4Typical Scan Tool Data

IAT Sensor 1
Circuit Short to Ground Open/High Short to
Resistance Voltage
Operating ConditionsEngine Running
Parameter Normal Rangé&/aries with ambient temperature
Sensor 150°C (302°F) bnnc/ 0b bnnc/ Ob
Low Reference - bnnc/ oO6b tnnc/ o66b

*Internal ECM or sensor damage may occur if the circuit is shorted to B+

IAT Sensor 1
Circuit Short to Ground Open/High Short to
Resistance Voltage
Operating ConditionsEngine Running
Parameter Normal Rangé/aries with ambient temperature
5 V Reference bnnc/ oY bnnc/ O6b -
10 Hz 10 Hz
Sensor bnnc/ oL bnnc/ 0oL bnnc/ oOb
10 Hz
Low Reference - bnnc/ 0Ob -
10 Hz

*Internal ECM or sensor damage may occur if the circuit is shorted to B+

8.2.3.20.5Circuit/System Description

The sensors listed below are integrated within the multifunction intake air sensor:

i IAT sensor1

1 IAT sensor 2

1 Humidity sensor

T MAFsensor

1 BARO pressure sensor
The intake air temperature (IAT) sensor 1 is a variable resistor that changes the voltage on the engine control module
(ECM) supplied 5 V signal circuit. The signal varies with inlet air temperature in the sensor bore guldyisdilsy the
scan tool as °C (°F). The IAT sensor 2 and the humidity sensor share the same circuit. The IAT sensor 2 signal ig displayed b
the scan tool as Hz (Hertz) and °C (°F).

The IAT sensor 1 produces an analog signal 68 pirthe sensor. The TAsensor 2 produces a frequency modulated signal
on pin- 1 of the sensor.

The sensors listed below share an ECM supplied 5 V reference circuit:
1 IAT sensor 2
1 Humidity sensor
1 Barometric pressure (BARO) sensor

The sensors listed below share an ECM supjiedeference circuit:
1 IAT sensor 1
1 |IAT sensor 2
1  Humidity sensor
1  Barometric pressure (BARO) sensor
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8.2.3.20.6Conditions for Running the DTCs

P0096 and P0111

1 DTCs P0097, PO098, PO111, PO112, PO113, P0117, P0O118, POOEA, POOEB, or P1682 are not set.
1  The ignition habeen OFF at least 8 hours.

1 Ignition voltage is at least 11 V.

1 These DTCs run once per ignition cycle when the enabling conditions are met.

8.2.3.20.7Conditions for Setting the DTCs

P0096

The ECM determines the absolute difference between IAT sensor 1 startup tetumgeand the IAT sensor 2 startup
temperature is greater than 25°C (45°F).

AND

The ECM determines the absolute difference between IAT sensor 2 startup temperature and the IAT sensor 3 startup
temperature is greater than 25°C (45°F).

AND

The ECM determirgethe absolute difference between IAT sensor 1 startup temperature and the IAT sensor 3 startup
temperature is less than or equal to 25°C (45°F).

This DTC runs once per ignition cycle when the enabling conditions are met.

Note:
P0111 Can fail under any the following 3 sets of conditions.

P0111¢ Condition 1

The ECM determines the absolute difference between IAT sensor 1 startup temperature and the IAT sensor 2 startup
temperature is greater than 25°C (45°F).

AND

The ECM determines the absolute diface between IAT sensor 1 startup temperature and the IAT sensor 3 startup
temperature is greater than 25°C (45°F).

AND

The ECM determines the absolute difference between IAT sensor 2 startup temperature and the IAT sensor 3 startup
temperature is less i or equal to 25°C (45°F).

P0111¢ Condition 2

The ECM determines the IAT sensor 2 startup temperature is between the IAT sensor 1 and IAT sensor 3 startup
temperatures.

AND

The ECM determines the absolute difference between IAT sensor 1 startup temmeesatd the IAT sensor 3 startup
temperature is greater than 25°C (45°F).

AND

The ECM determines the absolute difference between IAT sensor 2 and the IAT sensor 1 startup temperatures is
greater than absolute difference between IAT sensor 2 and the |ASbs8rstartup temperatures.

P0111¢ Condition 3

The ECM determines the IAT sensor 3 startup temperature is between the IAT sensor 1 and IAT sensor 2 startup
temperatures.

AND

The ECM determines the absolute difference between IAT sensor 1 startup temmgesatd the IAT sensor 2 startup
temperature is greater than 25°C (45°F).

AND

The ECM determines the absolute difference between IAT sensor 3 and the IAT sensor 1 startup temperatures is
greater than absolute difference between IAT sensor 3 and theéAJor 2 startup temperatures.

DTC P0111 runs once an ignition cycle when the any one, of the above 3 enabling sets of conditions is met.
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8.2.3.20.8Action Taken When the DTCs Set

DTCs P0096 and P0111 are Type B DTCs.
8.2.3.20.9Conditions for Clearing the DTCs

DTCs P00%nd P0111 are Type B DTCs.

8.2.3.20.10. Diagnostic Aids

1 2AGK GKS A3yAGA2y hbz gKSy (GKS SyaixyS Aa hccC FyR Aa O2ftR
increase the scan tool IAT Sensor 1 and 2 parameters. This is due to the heat that is genetseaduitifunction
intake air sensor internal heating elements.

1  The Humidity sensor and the IAT sensor 2 signals are sent to the ECM on the same circuit. If the IAT Sensor 2
LI N} YSGSNI RAALI L @a G(KS @I tdzSayY wmn ehsbrDTAs,reheckfor ackscnitn c Co X | Yy R
problem.

8.2.3.20.11. Reference Information

Schematic Reference
Engine Controls Schematics
Connector End View Reference
Component Connector End Views
Electrical Information Reference
1  Circuit Testing
1  Connector Repairs
1  Testing forntermittent Conditions and Poor Connections
T Wiring Repairs
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control Module Referencder scan tool information
Special Tools
EL-38522A Variable Sign&enerator
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8.2.3.20.12. Circuit/System Verification

1. Ignition ON.
2. Verify that DTC DTC P0641, P0651, P0697, or PO6AS3 is not set.
t If any of the DTCs are set
Refer to DTC P0641, P0651, P0697, or PO6A3 for further diagnosis.
p If none of the DTCs are set

Note:
Tominimize the effects of residual engine heat and sensor internal heating elements, perform
3 and 4 of this verification procedure only if the ignition has been OFF for 8 hours or more.

3. Ignition ON.
4. Verify the following scan tool parameteneavithin 25°C (45°F) of each other.
1 StartUp IAT Sensor 1
1 IAT Sensor 2
T L!¢ {Sya2z2N) o*x gKSNB Sl|jdz LILISR
t If not within 25°C (45F)
Refer to Circuit/System Testing.
p If within 25°C (45°F)
5. Engine idling, verify the following scan tool parameters are befée Loy YR bmndpc/ oO6boc FYR bonnc
1 IAT Sensor 1
1 IAT Sensor 2
T L!'¢ {Syaz2N)o* ¢gKSNB Sl|dz LILISR
t If not between:£38 and +149C £36 and +306€F)
Refer to Circuit System Testing.
pLF¥ 0SiG6S8SyY boy YR bmMndc/ 6boc YR bonncCoO
6. Operate the vehicle within theonditions for running the DTC. You may also operate the vehicle within the conditions that
you observed from the freeze frame/failure records data.
7. Verify the DTC does not set.
t If the DTC sets
Refer to Circuit/System Testing.
p If the DTC does not se
8. All OK
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8.2.3.20.13. Circuit/System Testing

Note:
You must perform the Circuit/System Verification before proceeding with Circuit/System Testi

1. Check the integrity of the entire air induction system and verify that none of the following conditions exist:
T ! £22&88 2NJ RAa02yySOGSR OKIFNBS FANJ O22f SNJ K2a$8 2NJ LA LIS~
T ! o0ft201S8SR 2NJ 20aGNUHz0GSR OKIFNEBS AN O22f SNE AyOf dzZRAy3Y |7
1 'ye ay2¢ 2N A0S odaAftRdzL) G GKS OKFNEBS FANJ 022t SNJ Ay O2fR
T Anymud2 NJ RANI o0dzAf RdzLd 4 GKS OKIFNBS AN O022f SN¥ 6KSNB Sl dzA |
1 Avrestricted or collapsed air intake duct
1 Anintake manifold leak
1 A MAP sensor seal that is leaking, missing, or damaged
1 A misaligned or damaged air intake duct
1  Any water intrusion in the inductiorystem
1 An Intake Manifold Resonator with a leaking seal, or a cracked or broken housing
t If a condition exists
Repair or replace component as appropriate.
p If no condition exists
2. Ignition OFF, and all vehicle systems OFF, it may take up to 2 mifi. fehiele systems to power down. Disconnect the
harness connector at the B75C Multifunction Intake Air sensor.
od ¢Said F2N)fSaa iGKFYy u m 0SiG6SSy (KS t26 NBFSNBYyOS OANDdz
t If 2mor greater
3.1. Ignition OFF, disconnect the harnesanector at the K20 Engine Control Module.
odHd ¢Sad FT2NI £Saa8 GKIY W m Ay GKS t2¢ NBTSNBYyOS OANDdzA G
t If 2mor greater, repair the open or high resistance in the circuit.
t If less than 2nreplace the K20 Engine Control Module.
plflessth y H m
4. Ignition ON, test for 4¢5.2 V between the 5 V reference circuit terminal 2 and ground.
t Iflessthan 4.8V
4.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
4.2. Test for infinite resistance between the sfnircuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance
ndod ¢S&ad F2N £Saa GKIYy H m Ay (GKS &ra3aylf OANDdAG SyR G2
t If 2mor greater, repair the open/high resistance in the circuit.
t LT 8448 GKFEY W mZ NBLXFOS GKS Ywn 9y3IAYS /2yiNRf az2Rdz S
t If greater than 5.2 V

Note:
If the 5 V reference circuit is shorted to a voltage the engine control neoduthe sensor may be
damaged.

4.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
4.2. Ignition ON, test for less than 1 V between the 5 V reference circuit and ground.
t If 1V or greater, repair the short to voltage on the circuit.
t If less than 1V, replace the K20 Engine Control Module.

p If between 4.85.2 V

5. Ignition ON, test for 4¢%.2 V between the signal circuit terminal 8 and ground.

t Iflessthan 4.8V
5.1. Ignition OFF, disconnect the harness connector at the K20 Edgitieol Module.
5.2. Test for infinite resistance between the signal circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance

pPod ¢Sad F2NJ fSaa GKIY w m Ay (GKS aradaylrf OANDdzAG SyR G2
t LT v m 2N IANBFGSNE NBLI AN GKS 21L8ykKAIK NBaradlyodsS Ay i
t LT £8S4aa GKFEY W mZ NBLXFOS GKS Ywn 9y3IAYS /2yiNRf az2RdzAz S
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t If greater than 5.2V
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Note:

If the signal circuit is shorted to a voltage the engine control module or the sensor mayraged.

5.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
5.2. Ignition ON, test for less than 1 V between the signal circuit and ground.
t If 1V or greater, repair the short to voltage on the circuit.
t If less than , replace the K20 Engine Control Module.
p If between 4.85.2 V

cd® LIAYAGAZ2Y hbX GSNATFe GKS alOly G22f L!¢ {Syaz2NIwm LI NIYSGSNI

t LT 6FNXY¥SN) GKFY bode/ O0boycCO®
6.1. Ignition OFF, disconnect the harness connector at the K20eE@igimrol Module.
6.2. Test for infinite resistance between the signal circuit terminal 8 and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance

chod ¢SaA0 F2NJ £ Sa33 efidddeyid H m Ay (GKS araaylrft OANDdz
t LT v m 2NJ IANBFGSNE NBLI ANJ GKS 21L8ykKAIK NBaradlyosS Ay i
t LT £S48 GKFEY W mZ NBLXLFOS GKS Yun 9y3IAYyS /2yiNRf a2Rdz S
pLT O2ft RSNJ K'Y bodc/ O6boycCu®
7. Ignition OFF, install a 3 A fused jumper wire between the signal circuit tei@némal the low reference circuit terminal 7.
8. Verify the scan tool IAT Sensor 3 parameter is warmer than 150°C (302°F).
t If colder than 150°C (302°F).
8.1. Ignition OFF, remove the jumper wire, disconnect the harness connector at the K20 Engine \Modtre|
ignition ON.
8.2. Test for less than 1 V between the signal circuit and ground.
+ If 1V or greater, repair the short to voltage on the circuit.
plflessthan 1V
8.3. Ignition OFF.
yond ¢Sad F2N) £S&aa GKIY W m Ay GKS aaayt OANDdzA G SyR (2
t IF v m 2N IANBFGSNE NBLI ANJ GKS 21L8ykKAIK NBaradlyO0S Ay (K
t LT 83448 GKFEY W mZ NBLXFOS GKS Ywn 9y3IAYS /2yiNRf az2Rdz S
p If warmer than 150°C (302°F).
9. Ignition ON, test for 4¢%.2 V between the signal terminal 1 and ground.
t Iflessthan 4.8V
9.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
9.2. Test for infinite resistance between the signal circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resstance
hPod ¢Sad F2NI £Saa GKIFIYy W m Ay (GKS araaylrf OANDdAG SyR (2
t LT v m 2N IANBFGSNE NBLI ANJ GKS 21L8ykKAIK NBaradlyoS Ay i
t LT f 0Kl H mZ NBLIX I OS (G4KS Yun 9y3IAyS /2y(iNRf a2RdzZ S

t If greater than 5.2

Note:

If the signal circuit ishorted to a voltage the engine control module or the sensor may be damg

9.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
9.2. Ignition ON, test for less than 1 V between the signal circuit and ground.
t If 1V orgreater, repair the short to voltage on the circuit.
t If less than 1V, replace the K20 Engine Control Module.
p If between 4.85.2 V
10. Determine if EB8522A Variable Signal Generator or equivalent is available.
t EL-38522A Variable Signal Generatar equivalent is not available
10.1. Replace the K20 Engine Control Module.

10.2. Operate the vehicle within the Conditions for Running the DTC. You may also operate the vehicle within the

conditions that you observed from the freeze frame/failure recdata.
10.3. Verify the DTC does not set.
t If the DTC sets

Test or replace the B75C Multifunction Intake Air sensor.
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p If no DTCs set
10.4. Circuits, ECM, and the sensors test OK, refer to step 18.
P9 oypHH! T I NRIo6fS {ATylf DSYSNIG2NX¥ 2NJ SljdA@GlItSyd Aa | @At
11. Ignition OFF, connect the leads of theBBR22A Variable Signal Generator as follows:
1 Red lead to the signal circuit terminal 1 at the harness connector
1 Black leads to ground
1 Battery vdtage supply lead to B+
12. Set the EB8522A Variable Signal Generator to the following specifications.
1 Signal switch to 5V
1  Duty Cycle switch to 50 % (Normal)
1  Frequency switch to 30 Hz
13. Ignition ON, verify the scan tool IAT Sensor 2 parameter iskat2®,32 Hz.
t If not between 2832 Hz
Replace the K20 Engine Control Module.
p If between 2832 Hz
14. Ignition OFF and all vehicle systems OFF, disconnect the B111B Turbocharger Boost/Intake Air Temperature sensor. It may
take up to 2 min for all vehielsystems to power down.
Mp® ¢Sail F2NIfSaa GKry w m 0SG6S8SSy (KS 26 NBFSNBYyOS OANDdz G
t If 2mor greater
15.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
MpPHd ¢Sa0G F2NJ frfetedice dirélitefidtaends Ay GKS 25
t If 2mor greater, repair the open or high resistance in the circuit.
t If less than 2nreplace the K20 Engine Control Module.
pLFT tSaa 0GKFYy H m
16. Ignition ON, test for 4¢5.2 V between the signal circuit terminal 2 agr@und.
t Iflessthan 4.8V
16.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
16.2. Test for infinite resistance between the signal circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance
Mcdod ¢Sad0 F2NI £Saa KLY W m Ay GKS araaylrt OANDdAG SyR i
t If 2mor greater, repair the open/high resistance in the circuit.
t If less than 2, replace the K20 Engine Control Module.
t If greater than 5.2V

Note:
If the signal circuit is shorted to a voltage the engine control module or the sensor may be dan

16.1. Ignition OFF, disconnect the harness connector at the K20 Engine Contré¢ Modu
16.2. Ignition ON, test for less than 1 V between the signal circuit and ground.
t If 1V or greater, repair the short to voltage on the circuit.
t If less than 1V, replace the K20 Engine Control Module.
p If between 4.85.2 V
17. Test or replace thappropriate temperature sensor.
18. All OK.
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8.2.3.20.14. Component Testing

Multifunction Intake Air Sensor
1. Ignition OFF, disconnect the harness connector at the B75C Multifunction Intake Air sensor.

Note:
A thermometer can be used to test the sensor off tedhicle.

2. Test the IAT sensor 1 by varying the sensor temperature while monitoring the sensor resistance. Compare the
readings with theTemperature Versus Resistance Intake Air Temperature Seable for Bosch Sensors. The
resistance values should rerange of the table values.
t If not within the specified range.

Replace the B75C Multifunction Intake Air sensor.
p If within the specified range.
All OK

Multifunction Intake Air Sensor
1. Test the IAT Sensor 2 by varying the sensor temperature mbitétoring the air temperature with a thermometer.

Compare the readings with the scan tool IAT Sensor 2 parameter. The values should be within 5%.
t If not within 5%
Replace the B75C Multifunction Intake Air sensor.
p If within 5%
2. All OK.

TurbochargeBoost/Intake Air Temperature sensor
1. Ignition OFF, disconnect the harness connector at the B111B Turbocharger Boost/Intake Air Temperature sensor.

Note:
A thermometer can be used to test the sensor off the vehicle.

2. Test the IAT sensor 3 by varyihg sensor temperature while monitoring the sensor resistance. Compare the
readings with theTemperature Versus Resistance Intake Air Temperature Seaisier for the appropriate sensor.
The resistance values shotuid in range of the table values.

t If not within the specified range.
Replace the B111B Turbocharger Boost/Intake Air Temperature sensor.

p If within the specified range.
3. AllOK

8.2.3.20.15. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.
1 Intake Air Pressure and Temperature Sensor Replacefoeturbocharger boost/intake air temperature sensor

replacement
1 Mass Airflow Sensor Replacemdot multifunction intake air sensor replacement
1 Control Module Referencder Engine Control Module reptement, programming, and setup.
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8.2.3.21. DTC P0097, PO098, or PO099
8.2.3.21.1Diagnostic Instructions
o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnosic Procedure Instructiongrovides an overview of each diagnostic category.
8.2.3.21.2DTC Descriptors
DTC P0097
Intake Air Temperature (IAT) Sensor 2 Circuit Low Voltage
DTC P0098
Intake Air Temperature (IAT) Sensor 2 Circuit High Voltage
DTC P0099
Intake AirTemperature (IAT) Sensor 2 Circuit Intermittent
8.2.3.21.3Diagnostic Fault Information
IAT Sensor 2
Circuit Short to Ground Open/High Short to Signal
Resistance Voltage Performance
5V Reference P0097, POOF4, | P0096, P0097,/ P0097, POOF4, -
P0651, P2199, | POOF4, P2199, P0651, P2199,
P2227, P2228 | P2227,P2228| P2227, P2228
Sensor P0097, POOF5,| PO0097, POOF4, PO0097, POOF4, -
P2199 P2199 P2199*
Low Reference - P0097, POOF4, * -
P0113, P2227,
P2229
*Internal ECM or sensor damage may occur if the circuit is short&-to
8.2.3.21.4Typical Scan Tool Data
IAT Sensor 2
Circuit Short to Ground Open/High Short to
Resistance Voltage
5V Reference bnnc/ oOoH bnnc/ o -
10 Hz 10 Hz
Signal bnnc/ O6H bnnc/ 6| bnnc/ O
10 Hz
Ground - bnnc/ 0] -
10 Hz
*Internal ECM or sensor damage may occur if the circuit is shorted to B+.

8.2.3.21.5Circuit/System Description

The sensors listed below are integrated within the multifunction intake air sensor:
1 Intake Air Temperature (IAT) sensor 1

i IAT sensor 2
1  Humidity sensor
1 Mass Air Flow (MAF) sensor

1 Barometric (BARO) pressure sensor

The IAT sensor 2 and the humidity sensor share the same circuit. The IAT sensor 2 signal is displayed by the scan tool as

Hertz (Hz) and °C (°F).

The sensors listed below share an ECM suppliéddierence circuit:
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IAT sensor 2

Humidity sensor

Barometric pressure (BARO) sensor

The sensors listed below share an ECM supplied low reference circuit:

IAT sensor 1

IAT sensor 2

Humidity sensor

Barometric pressure (BARO) sensor

VANDERHALL

IAT Sensor 2 IAT Sensor Erequency IAT Sensor 2 Temperature
Cold 45 Hz bnnc/ obnncC
Warm 302 Hz 104°C (219°F)

8.2.3.21.6Conditions for Running the DTCs

P0097, P0098, and PO099
1  The ignition is ON, or the engine is running.
1 The Ignition voltage is at least 11 V.

1 The DTCs rucontinuously within the enabling conditions.

8.2.3.21.7Conditions for Setting the DTCs

Note:

CKS aOly G22f RA&LIXGFE NIy3S A& 658y banij

P0097

¢tKS 9/a RS(GS0G& GKIFIG GKS L! ¢ &aSyazN uforgréafenthai5sa a f Saa G KI

P0098

The ECM detects that the IAT sensor 2 signal is greater than 390 Hz, warmer than 150°C (302°F), for greater than 5 s.

P0099

The ECM detects that the IAT sensor 2 signal is intermittent or has abruptly changed for longes.than 5

8.2.3.21.8Action Taken When the DTC Sets

1 DTCs P0097, P0O098, and P0099 are Type B DTCs.
1 The ECM commands the cooling fans ON.

8.2.3.21.9Conditions for Clearing the MIL/DTCs
DTCs P0097, PO098, and P0O099 are Type B DTCs.

8.2.3.21.10. Diagnostic Aids

1  With the ignition ON, when thengine is cold and not running, properly functioning IAT sensor 2 will gradually
increase the scan tool IAT Sensor 2 parameters. This is due to the heat that is generated by the multifunction intake

air sensor heating elements.

1  The humidity sensor and tHAT sensor 2 signals are sent to the ECM on the same circuit. If the IAT Sensor 2
LI NI YSGSNJ RA A LI IcR05C (4bwF$ andithdredaf® &l3 Hurridityl Serisor DTCs, check for a circuit

problem.
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8.2.3.21.11. Reference Information

Schematic Reference
EngineControls Schematics
Connector End View Reference
Component Connector End Views
Electrical Information Reference
1  Circuit Testing
1 Connector Repairs
I  Testing for Intermittent Conditions and Poor Connections
1  Wiring Repairs
Powertrain Component Views
PowertrainComponent Views
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control Module ReferenceSontrol Module References for scan tool information
Special Tools
EL-38522A Variable Signal Generator

8.2.3.21.12. Circuit/Sysem Verification

1. Ignition ON.
2. Verify that DTC DTC P0641, P0651, P0697, or PO6A3 is not set.
t If any of the DTCs are set
Refer to DTC P0641, P0651, P0697, or PO6A3 for further diagnosis.
p If none of the DTCs are set

Note:
To minimize the effects oksidual engine heat and sensor internal heating elements, perform §
3 and 4 of this verification procedure only if the ignition has been OFF for 8 hours or more.

3. Ignition ON.
4. Verify the following scan tool parameters are within 25°C (45°€3df other.
1 StartUp IAT Sensor 1
1 IAT Sensor 2
T L!'¢ {Sya2NJo* gKSNB Sl dzi LILISR
t If not within 25°C (45F)
Refer to Circuit/System Testing.
p If within 25°C (45°F)
p® 9y IAYS ARtAYyIZ GSNATFE (GKS F2tt26AyJand€B00§F). 22t LI NI YSi
1 IAT Sensor 1
1 IAT Sensor 2
T L!¢ {Syaz2N) o*x gKSNB Sljdz LILISR
t If not between:£38 and +149C £36 and +306€F)
Refer to Circuit System Testing.
pLFT 0SG6SSyY boy YR bmMndc/ 6boc YR bonncCo
6. Operate the vehicle within the conditions for runnittge DTC. You may also operate the vehicle within the
conditions that you observed from the freeze frame/failure records data.
7. Verify the DTC does not set.
t Ifthe DTC sets
Refer to Circuit/System Testing.
p If the DTC does not set
8. AllOK
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8.2.3.21.13. Circuit/System Testing

1. Ignition OFF, and all vehicle systems OFF, it may take up to 2 min. for all vehicle systems to power down. Disconnect the
harness connector at the B75C Multifunction Intake Air sensor.
Hd ¢Sad FT2N £ Saa GKIFyYy rmuttemodlaadgbynd. i KS 26 NBFSNBYyOS OA
t LT H om 2NJ INBFGSNI
2.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.

HOPHD ¢Sad F2NJ £Saa GKIYy H m Ay GKS 26 NBFSNBYyOS OANDdzA
t LT v m 2N ANBI G§SNE NRidithe didui. KS 2 1LISy 2NJ KAIK NBaradl
t LT £8aa GKFYy H m NBLXIFOS GKS Yun 9y3IAYyS [/ 2yiNRf a2Rdz S
pLT fSaa GKFIYy H m
3. Ignition ON, test for 4¢%.2 V between the 5 V reference circuit terminal 2 and ground.
t Iflessthan 4.8V
3.1. Ignition OFF, disconnect the harness emtor at the K20 Engine Control Module.
3.2. Test for infinite resistance between the signal circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance
odod ¢Sad F2N fdcrduitehkibegid. H m Ay GKS aiday
t LT v m 2NJ IANBIFGSNE NBLI AN GKS 2LISYykKAIK NBaAadlryOS Ay
t LT £S48 GKIFEY W mZ NBLXLFOS GKS Ywn 9y3aAYyS /2yiNRt a2Rdz
t If greater than 5.2V
Note:
If the 5 V reference circuit is shorted to a voltage the engine contadule or the sensor may b
damaged.

3.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
3.2. Ignition ON, test for less than 1 V between the 5 V reference circuit and ground.
t If 1V or greater, repair the short to ¥agie on the circuit.
t Ifless than 1V, replace the K20 Engine Control Module.
p If between 4.85.2 V
4. Ignition ON, test for 4¢%.2 V between the signal circuit terminal 1 and ground.
t Iflessthan 4.8V
4.1. Ignition OFF, disconnect the harness catoreat the K20 Engine Control Module
4.2. Test for infinite resistance between the signal circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance
ndod ¢Sald T2N f Shditeddideyfid. H m Ay GKS aA3dylf
t If 2mor greater, repair the open/high resistance in the circuit.
t If less than 2, replace the K20 Engine Control Module.
t If greater than 5.2V

Note:
If the signal circuit is shorted to a voltage the engine control modulé®sensor may be damage

4.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
4.2. Ignition ON, test for less than 1 V between the signal circuit and ground.
t If 1V or greater, repair the short to voltage on the citcui
t If less than 1V, replace the K20 Engine Control Module.
p If between 4.85.2 V
5. Determine if E38522A Variable Signal Generator or equivalent is available.
t E38522! = I NAFo6tS {AIylrt DSYSNIG2NX¥ 2N SljdzA @l tSyid Aa yz2id | @t
5.1. Replace the20 Engine Control Module.
5.2. Operate the vehicle within the Conditions for Running the DTC. You may also operate the vehicle within the
conditions that you observed from the freeze frame/failure records data.
5.3. Verify the DTC does not set.
t If the DTC sets
Refer to step 9.
p If the DTC does not set
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5.4. All OK.
PEL38522! S+ NAFo6fS {ATylt DSYSNIG2NX 2NJ SlidAadFtSyd Aa | @FAtlof
6. Ignition OFF, connect the leads of the3BB22A Variable Signal Generator as follows:
1 Red lead to the signaircuit terminal 1 at the harness connector
1 Black leads to ground
1 Battery voltage supply lead to B+
7. Set the EB8522A Variable Signal Generator to the following specifications.
1 Signal switchto 5V
1 Duty Cycle switch to 50 % (Normal)
1  Frequency switch t80 Hz
8. Ignition ON, verify the scan tool IAT Sensor 2 parameter is betwe@2 2&.
t If not between 2832 Hz
Replace the K20 Engine Control Module.
p If between 28,32 Hz
9. Test or replace the B75C Multifunction Intake Air sensor.

8.2.3.21.14. Component Testing

Multifunction Intake Air Sensor
1. Test the IAT Sensor 2 by varying the sensor temperature while monitoring the air temperature with a thermometer. Compare
the readings with the scan tool IAT Sensor 2 parameter. The values should be within 5%.
t If not within 5%
Replace the B75C Multifunction Intake Air sensor.
p If within 5%
2. All OK.

8.2.3.21.15. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.
1 Mass Airflow Sensd®eplacement for multifunction intake air sensor replacement.
1 Control Module Referencder Engine Control Module replacement, programming, and setup.
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8.2.3.22. DTC POOC7
8.2.3.22.1Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overiew of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.22.2DTC Descriptor

DTC P0OOC7
Intake Air Pressure Measurement Systelultiple Sensors Not Plausible

8.2.3.22.3Circuit/System Description

The Intake AiPressure Measurement System consists of 3 sensors:
1  The barometric pressure (BARO) is measured by the B75C Multifunction Intake Air Sensor
1 The manifold absolute pressure (MAP) is measured by the B74 Manifold Absolute Pressure Sensor
1  The boost pressure iseasured by the B111B Turbocharger Boost/Intake Air Temperature Sensor

8.2.3.22.4Conditions for Running the DTC

DTCs P0106, P0107, P0108, P2122, P2123, P2127, P2128, P2138 or P2610 are not set.
The engine is running.

Time between current ignition cycle and the l&iste the engine was running is greater than 10 s.
Manifold pressure between 50 and 115 kPa (7.25 and 16.68 PSI).

BARO pressure between 50 and 115 kPa (7.25 and 16.68 PSI).

Turbocharger boost pressure between 50 and 115 kPa (7.25 and 16.68 PSI).

This DTC ns continuously within the enabling conditions.

=A =4 =4 -8 -4 -8 =9

8.2.3.22.5Conditions for Setting the DTC

The ECM detects an inconsistency between pressure sensors in the induction system in which a particular sensor
cannot be identified as the failed sensor. The difference istgréhan 10 kPa (1.5 PSI).

8.2.3.22.6Action Taken When the DTC Sets
DTC POOC7 is a Type B DTC.
8.2.3.22.7Conditions for Clearing the DTC

DTC POOC7 is a Type B DTC.
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8.2.3.22.8Reference Information

Schematic Reference
Engine Controls Schematics
Connector End View Reference
ComponentConnector End Views
Electrical Information Reference
1  Circuit Testing
1  Connector Repairs
1  Testing for Intermittent Conditions and Poor Connections
1  Wiring Repairs
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control Module Referencder scan tool information

8.2.3.22.9Circuit/System Verification

1. Ignition ON.
2. Verify that DTCs P0106, P0107, P0236, P0237, P0238, P2227, P2228, P2229, or P2230, are not set.
t If any of the DTCs are set
Refer toDiagnostic Trouble Code (DTC) List Vefoclturther diagnosis.
p If none of the DTCs is set
3. Verify none of the following conditions exist:
The air intake duct system for loose connecting clamps, cracks, or other damage
A damaged Q38 Throttle Body bor shaft
Splits, kinks, or improper connections at the vacuum hoses
Faulty positive crankcase ventilation system operation
Carbon deposits on the throttle blade.
Vacuum leaks at the intake manifold, Q38 Throttle Body, Q17 Fuel Injectngs) and B11lintake Manifold
Pressure and Air Temperature Sensor.
t If a condition exist
Repair as necessary.

4. Ignition ON.
5. Verify the following scan tool parameters are within range of the Altitude vs. Barometric Pressure table. Réelféu it
Versus Baromeic Pressure table

1 BARO Sensor

1 MAP Sensor

1  Turbocharger Boost Sensor
t If a sensor parameter is not within range
Refer to the appropriate diagnostic below for further diagnosis.

1 Barometric Pressure (BARO) Sensor. ReféTa P2227P2230

1 Manifold AbsolutePressure (MAP) Sensor. Refer@d:C P0106

1  Turbocharger Boost Pressure Sensor. RefddiaC P0236
p If all sensor parameters are within range
6. All OK

= =4 =8 =4 -8 =9

8.2.3.22.10. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.
Control Module Referencder Engine Control Module replacement, programming and setup.
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DTC POOE9

8.2.3.23.1Diagnostic Instructions

0
0
(¢}

8.2.3.23.2DTC

Descriptor

DTC POOE9
Intake Air Temperature (IAT) Sensor 3 Circuit Performance

8.2.3.23.3Diagnostic Fault Information

Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
ReviewStrategy Based Diagno$is an overviev of the diagnostic approach.
Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

VANDERHALL

Circuit Short to Ground Open/High Short to Signal
Resistance Voltage Performance
Sensor POOEA, POOEB| POOE9, POOEB POOEB* POOE9
Low Reference - POOE9, POOER POOEB* -
*Internal ECM or sensor damage may occur if the circuit is shorted to B+.
8.2.3.23.4Typical Scan Tool Data
Circuit Short to Ground | Open/High Short to
Resistance Voltage

Operating ConditionsEngine Running

Parameter Normal Range: F NA S& gAGK ' YOASyd GSYLISNI @
Sensor 130°C(266°F) | bnnc/ o |bnnc/ O
Low Reference - b40°CoObnn|bnnc/ ot

*Internal ECM or sensor damage may occur if the circuit is shorted to B+

8.2.3.23.5Circu

it/System Description

The intake air temperature (IAT) sensor 3 is a variable resistor that changes an engine control module (ECM) supptiald 5 V sig
The signal varies with inlet air temperature and is displayed by the scan tool as °C (°F). The IAT sensor 3 is inthgrated wit
B111B Turbocharger Boost/Intake Air Temperature Sensor in the sensor bore, which is located before the throttle body. The
ECMsupplies a ground for the IAT sensor 3 low reference circuit.

The IAT sensor 1 and IAT sensor 2 are part of the B75C Multifunction Intake Air Sensor. The IAT sensor 1 produces an analog
signal on pirB of the sensor. The IAT sensor 2 produces a frequenndulated signal on pid of the sensor.

IAT Sensor 83 Temperature, Resistance, Voltage Table

IAT Sensor 3 IAT Sensor 3 Resistance IAT Sensor 3 Signal Voltage
Cold High High
Warm Low Low

8.2.3.23.6Cond

POOE9
l

1
T Ig
f

REVISION1.0

itions for Running the DTC

nition voltage is at least 11 V.

RELEASE DAJE&6/2017

This DTC runs once per ignition cycle when the enabling conditions are met.

DTCs P0097, P0O098, POOE®QEB, P0111, PO112, P0O113, P0117, P0118, or P1682 are not set.
The vehicle has been OFF at least 8 hours.
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8.2.3.23.7Conditions for Setting the DTC

Note:
POOE9 Can fail under any of the following 3 sets of conditions.

POOEgCondition 1
The ECM determines the absolute difference between IAT sensor 1 startup temperature and the IAT sensor
2 startup temperature is less or equal to 25°C (45°F).
AND
TheECM determines the absolute difference between IAT sensor 3 startup temperature and the IAT sensor
1 startup temperature is greater than 25°C (45°F).
AND
The ECM determines the absolute difference between IAT sensor 3 startup temperature and the IAT senso
2 startup temperature is greater than 25°C (45°F).

POOEgCondition 2
The ECM determines the IAT sensor 1 startup temperature is between the IAT sensor 3 and the IAT sensor 2
startup temperatures
AND
The ECM determines the absolute difference betweenséisor 3 startup temperature and the IAT sensor
2 startup temperature is greater than 25°C (45°F).
AND
The ECM determines the absolute difference between IAT sensor 3 and the IAT sensor 1 startup
temperatures is greater than the absolute difference betwd@T sensor 2 and the IAT sensor 1 startup
temperatures.

POOEg@Condition 3
The ECM determines the IAT sensor 2 startup temperature is between the IAT sensor 3 and the IAT sensor 1
startup temperatures
AND
The ECM determines the absolute difference betweAT sensor 3 and the IAT sensor 1 startup
temperatures is greater than 25°C (45°F).
AND
The absolute difference between IAT sensor 3 and the IAT sensor 2 startup temperatures is greater than the
absolute difference between IAT sensor 2 and the |IAT senstartup temperatures.

DTC POOE9 runs once an ignition cycle when one of the above 3 enabling sets of conditions are met.
8.2.3.23.8Action Taken When the DTC Sets

1 DTC POOE9 is Type C DTC, MY14 and newer vehicles.
1 DTC POOE9 is Type B DTC, MY13 and older vehicles.

8.2.3.23.9Conditions for Clearing the DTCs

1 DTC POOE9 is Type C DTC, MY14 and newer vehicles.
1 DTC POOE9 is Type B DTC, MY13 and older vehicles.

8.2.3.23.10. Reference Information

Schematic Reference
Engine Controls Schematics
Connector End View Reference
Component Connectdend Views
Electrical Information Reference
1 Circuit Testing
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1 Connector Repairs
i  Testing for Intermittent Conditions and Poor Connections
1  Wiring Repairs
Powertrain Component Views
Powertrain Component Views
DTC Type Reference
Powertrain Diagnostic Trouble Co@2TC) Type Definitions
Scan Tool Reference
Control Module Referenasfor scan tool information
Special Tools
EL-38522A Variable Signal Generator

8.2.3.23.11. Circuit/System Verification

1. Ignition ON.
2. Verify that DTC DTC P0641, P0651, P0697, or PO6A3 is not set.
t If any of the DTCs are set

Refer to DTC P0641, P0651, P0697, or PO6A3 for further diagnosis.

p If none of the DTCs are set

Note:

To minimize the effects of residual engine heat and sensor internal heating elements, perform

3 and 4 of thiwerification procedure only if the ignition has been OFF for 8 hours or more.

3. Ignition ON.
4. Verify the following scan tool parameters are within 25°C (45°F) of each other.

1
1
1

StartUp IAT Sensor 1
IAT Sensor 2
IAT Sensor 3

t If not within 25°C (45F)

Refer to Circuit/System Testing.

p If within 25°C (45°F)
p® 9y 3IAYS ARtAYy3I:Z GSNARATFEe GKS L!¢ {Syaz2Nlo aolly
t If not between:£38 and +128C £36 and +262F)

pL T

Refer to Circuit System Testing.

0S5G6SSYyY boy YR bMHyc/ o6boc FYR bHCHCCO

VANDERHALL

22t LI N YSGS

6. Operate the vehicle within the Conditions for Running the DTC. You may also operate the vehicle within the conditions that
you observed from the Freeze Frame/Failure Records data.
7. Verify the DTC does natts

t Ifthe DTC sets

Refer to Circuit/System Testing.

p If the DTC does not set

8. All OK

8.2.3.23.12. Circuit/System Testing

Note:

You must perform the Circuit/System Verification before proceeding with Circuit/System Testir

1. Check the integrity of the entiidr induction system and verify that none of the following conditions exist:

=A =8 =4 -8 -8 -8 -9

A loose or disconnected charge air cooler hose or pipe

A blocked or obstructed charge air cooler, including: aftermarket grill covers
Any snow or ice buildup at the charge edoler in cold climates

Any mud or dirt buildup at the charge air cooler

A restricted or collapsed air intake duct

An intake manifold leak

A MAP sensor seal that is leaking, missing, or damaged

REVISION1.0
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1 A misaligned or damaged air intake duct
1  Any water intrusion irthe induction system
1 An Intake Manifold Resonator with a leaking seal, or a cracked or broken housing
t If a condition exists
Repair or replace component as appropriate.
p If no condition exists
2. Ignition OFF, and all vehicle systems OFF, it may take 2ipnin. for all vehicle systems to power down. Disconnect the
harness connector at the B111B Turbocharger Boost/Intake Air Temperature sensor.
od ¢Sail FT2N)fSaa GKIFYy w m 0SGsSSy GKS t2¢ NBTSNByOS OANDdz
t LT H om 2N INBIGSNI
3.1. Iguition OFF, disconnect the harness connector at the K20 Engine Control Module.
obHd ¢Sail F2NIfSaa GKIEYy w m Ay GKS t246 NBFSNByOS
t LT H m 2NJ IANBFGSNE NBLIF AN GKS 2Ly 2NJ KAIK
t LT £Saa GKIy mgimaCobolBoduS GKS Ywn 9
pLFT tSaa 0GKFYy H m
4. Ignition ON, test for 4¢%.2 V between the signal circuit terminal 2 and ground.
t Iflessthan 4.8V
4.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
4.2. Test for infiniteesistance between the signal circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance

ET])O(
Q>
> =z
gxb(
W Q.
-5
\<.C

ndod ¢S&ad FT2N £Saa GKIYy H m Ay (GKS &araaylt OANDdAG SyR G2
t LT v m 2N INBI ulSrNﬂFstarNGere?clN;ﬂut KS 2LSykKAZ
t LT £S8S3a GKFY W mI NBLX | GKS Yun 9y3AyS /2yiNRf az?

t If greater than 5.2V

Note:
If the signal circuit is shorted to a voltage the engine control module or the sensor may be dan

4.1. Ignition OFF, disconnect tharness connector at the K20 Engine Control Module.
4.2. Ignition ON, test for less than 1 V between the signal circuit and ground.
t If 1V or greater, repair the short to voltage on the circuit.
t If less than 1V, replace the K20 Engine Control Module.
p If between 4.85.2 V
p® LAYAGAZ2Y hbX @GSNAFe (GKS al0ly G22f L!¢ {SyazzNJ o LI NI YSH
t LT 6FNYSN K'Yy bodc/ oO6boycCO®
5.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
5.2. Test for infinitgesistance between the signal circuit terminal 2 and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance
pdod ¢Sad F2NJ fSaa KLYy W m Ay (K
b LT H m 2N INBIFGSNE NBLI AN GK
t LT £S8Saa GKFY W mX NBLXFOS GK
pLFT O2ft RSNJ (K'Y bodc/ O6boycCOD
6. Ignition OFF, install a 3 A fused jumper wire between the signal circuit terminal 2 and/tfefdoence circuit terminal 1.
7. Verify the scan tool IAT Sensor 3 parameter is warmer than 128°C (262°F).
t If colder than 128°C (262°F).
7.1. Ignition OFF, remove the jumper wire, disconnect the harness connector at the K20 ECM, ignition ON.
7.2. Tesfor less than 1 V between the signal circuit and ground.
t If 1V or greater, repair the short to voltage on the circuit.
plflessthan 1V
7.3. Ignition OFF.
Tdnd ¢SA0 F2NI £ Saa GKFEY w m Ay GKS aiAdaylrf OANDdAG SyR G2
t LT v m 2N 3 NRihigh nssn'stammme}cm:mt KS 2L
t LT 8344 GKFY W mZ NBLXFOS GKS Ywn 9/ ad
p If warmer than 128°C (262°F).
8. Test or replace the B111B Turbocharger Boost/Intake Air Temperature sensor.

ety
u»
Z
(&

aA3dyl OANDdzA G SyR (2
ZLS)/KKAHK NBaradglyos
Yun 9y3AAYyS [/ 2yiNBEt a2

wy U U
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8.2.3.23.13. Component Testing

Turbocharger Boost/Intake Air Temperature sensor

1. Ignition OFF, disconnect the harness connector at the B111B Turbocharger Boost/Intake Air Temperature sensor.
Note:

A thermometer can be used to test the sensor off the vehicle.

2. Test the IAT sensor 3 by varying the sensor temperature while mimgjttne sensor resistance. Compare the
readings with theTemperature Versus Resistance Intake Air Temperature Seaisier for the appropriate sensor.
The resistance values shoudd in range of the table values.
t If not within the specified range.

Replae the B111B Turbocharger Boost/Intake Air Temperature sensor.
p If within the specified range.
3. AllOK

8.2.3.23.14. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.

1 Intake Air Pressure and Temperature Sensor Replacefoetirbocharger boost/intake air temperature sensor
replacement
1 Mass Airflow Sensor Replacemdot multifunction intake air sensor replacement
1  Control Module Referencder Engine Control Module replacement, programming, and setup.
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8.2.3.24. DTC POOEROOEC
8.2.3.24.1Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagtioscategory.

8.2.3.24.2DTC Descriptors

DTC POOEA
Intake Air Temperature (IAT) Sensor 3 Circuit Low Voltage
DTC POOEB

Intake Air Temperature (IAT) Sensor 3 Circuit High Voltage
DTC POOEC
Intake Air Temperature (IAT) Sensor 3 Circuit Erratic

8.2.3.24.3Diagnostic Fault Inforration

IAT Sensor 3
Circuit Short to Ground Open/High Short to Signal
Resistance Voltage Performance
5V Reference P0097, POOF4,| P0096, P0O097,/ P0097, POOF4, -

P0651, P2199, | POOF4, P2199, P0651, P2199,
P2227, P2228 | P2227, P2228| P2227, P2228

Sensor P0097 POOF5, P0097, POOF4, P0097, POOF4, -
P2199 P2199 P2199*
Low Reference - P0097, POOF4, * -
P0113, P2227,
P2229

*Internal ECM or sensor damage may occur if the circuit is shorted to B+.

8.2.3.24.4Typical Scan Tool Data

IAT Sensor 3
Circuit Short to Ground Open/High Short to
Resistance Voltage

Operating ConditionsEngine Running
Parameter Normal Range:  NA S& gAGK ' YOASYydG GSYLISNI @
Sensor 130°C(266°F) | bnnc/ o |bnnc/ &1
Low Reference bnnc/ o|bnnc/ Bt
*Internal ECM or sensor damage may occur if the circuit is shorted to B+.

8.2.3.24.5Circuit/System Description

The intake air temperature (IAT) sensor 3 is a variable resistor that changes an engine control module (ECM) supptiad 5 V sig
The signal varies witimlet air temperature and is displayed by the scan tool as °C (°F). The IAT sensor 3 is integrated with the
B111B Turbocharger Boost/Intake Air Temperature Sensor in the sensor bore, which is located before the throttle body. The
ECM supplies a ground fdre IAT sensor 3 low reference circuit.

The IAT sensor 1 and IAT sensor 2 are part of the B75C Multifunction Intake Air Sensor. The IAT sensor 1 produces an analog
signal on pirB of the sensor. The IAT sensor 2 produces a frequency modulated signatbofghe sensor.
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8.2.3.24.6Conditions for Running the DTCs
POOEA, POOEB, and POOEC
1 The ignition is ON, or the engine is running.
1  The DTCs run continuously when the above conditions are met.

8.2.3.24.7Conditions for Setting the DTC

Note:
The scan tool display rangedsS i § SSy btnn YR bmpnc/ o6bnn |y

POOEA

The ECM detects that the IAT sensor 3 signal is warmer than 149°C (300°F) for at least 5 s.
POOEB

¢tKS 9/a RSGSOGa GKFG GKS L!'¢ aSyaz2Nlo ardylf Aa 02f RSNJ @
POOEC

The ECMiletects that the IAT sensor 3 signal is intermittent or has abruptly changed for at least 5s.

8.2.3.24.8Action Taken When the DTCs Set

1 DTCs POOEA, POOEB, and POOEC are Type B DTCs.
1 The ECM commands the cooling fans ON.

8.2.3.24.9Conditions for Clearing the DTCs
DTCs POOERQOEB, and POOEC are Type B DTCs.
8.2.3.24.10. Reference Information

Schematic Reference
Engine Controls Schematics
Connector End View Reference
Component Connector End Views
Electrical Information Reference
1 Circuit Testing
1  Connector Repairs
1  Testing for IntermittentConditions and Poor Connections
1  Wiring Repairs
Powertrain Component Views
Powertrain Component Views
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control Module Referencder scan tool information
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8.2.3.24.11. Circuit/System Verification

1. Ignition ON.
2. Verify that DTC DTC P0641, P0651, P0697, or PO6AS3 is not set.
t If any of the DTCs are set
Refer to DTC P0641, P0651, P0697, or PO6A3 for further diagnosis.
p If none of the DTCs are set

Note:
To minimize theeffects of residual engine heat and sensor internal heating elements, perform
3 and 4 of this verification procedure only if the ignition has been OFF for 8 hours or more.

3. Ignition ON.
4. Verify the following scan tool parameters are within@%a5°F) of each other.
1 StartUp IAT Sensor 1
1 IAT Sensor 2
1 IAT Sensor 3
t If not within 25°C (45F)
Refer to Circuit/System Testing.
p If within 25°C (45°F)
pP® 9yIAAYS ARfAY3IAZ GSNATFEe (GKS L!¢ {SyazN) @2FpPly (22t LI NI YSQ(S
t If not between:b38 and +128C £36 and +262F)
Refer to Circuit System Testing.
pLF¥ 0SiG6S8SyY boy YR bmMHyc/ O6boc YR bBHcHCCO
6. Operate the vehicle within the Conditions for Running the DTC. You may also operate the vehicle witbimditiens that
you observed from the Freeze Frame/Failure Records data.
7. Verify the DTC does not set.
t If the DTC sets
Refer to Circuit/System Testing.
p If the DTC does not set
8. AllOK

8.2.3.24.12. Circuit/System Testing

Note:
You must perform th€ircuit/System Verification before proceeding with Circuit/System Testing

1. Ignition OFF, and all vehicle systems OFF, it may take up to 2 min. for all vehicle systems to power down. Disconnect the
harness connector at the B111B Turbocharger Boos#ni&ir Temperature sensor.
Hd ¢Said F2NI fSaa GKFY W m 068G6SSy GKS 26 NBFTSNBYyOS OANDdZ
t If 2mor greater
2.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
HOPH® ¢Sad T2NJ f sfarénceltifcliténdroend. Ay GKS 26 NJ
t If 2mor greater, repair the open or high resistance in the circuit.
t LT 848448 GKEY W m NBLXFOS GKS Ywn 9y3aAaysS /2yiNRtf a2R
pLT tSaa 0GKFYy H m
3. Ignition ON, test for 4¢%.2 V between the signal circuit terminal 2 agrdund.
t Iflessthan 4.8V
3.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
3.2. Test for infinite resistance between the signal circuit and ground.
t If less than infinite resistance, repair the short to ground oa ¢ircuit.
p If infinite resistance
oPod® ¢Salu F2NJfSaa
t LT 0 m 2N INB
t LT £Saa KLy

2

[N

AA3dylLE OANDdzAG SyR
2LISYKKAIK NBaradalkyoOs
Yun 9y3AAYyS /2yGiNBE a

GKFY H m Ay (K
FGSNE NBLI AN GK
H mZ NBLX I OS (K

w vy »

2
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t If greater than 5.2V

Note:
If the signal circuit is shorted to a voltage the engine control module or the sensor may be dan

3.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
3.2. Ignition ON, test for less than 1 V between the sigmalit and ground.
t If 1V or greater, repair the short to voltage on the circuit.
t Ifless than 1V, replace the K20 Engine Control Module.
p If between 4.85.2 V
nd® LAYAGAZ2Y hbX @GSNRATe (GKS aldly (22t L!¢ {Syaz2NJo LI NIYSI
t LT 6FNYSN GKFY bodec/ O6boycCO®
4.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
4.2. Test for infinite resistance between the signal circuit terminal 2 and ground.
t If less than infinite resistance, repair the shtrtground on the circuit.
p If infinite resistance

ndod ¢Said F2NIfSaa GKIYy H m Ay (GKS aiaaylf OANDdzAG SyR
t LT H m 2NJ IANBFGSNE NBLI AN GKS 2LI8SykKAIK NBaradgly
t LT £S48 GKIFEY w mZ NBLXFFOS GKS Ywn 9y3AYyS [/ 2yiNRt

plfcolderthafy L odc/ OboycCUO®
5. Ignition OFF, install a 3 A fused jumper wire between the signal circuit terminal 2 and the low reference circuit ferminal
6. Verify the scan tool IAT Sensor 3 parameter is warmer than 128°C (262°F).
t If colder than 128°C (262°F).
6.1. Ignition OFF, remove the jumper wire, disconnect the harness connector at the K20 ECM, ignition ON.
6.2. Test for less than 1 V between the signal circuit and ground.
+ If 1V or greater, repair the short to voltage on the circuit.
plflessthan 1V
6.3. Ignition OFF.
chdnd ¢Sad F2NI £Saa GKIY W m Ay GKS aadaylrt OANDdAG SyR
t If 2mor greater, repair the open/high resistance in the circuit.
t If less than 2w, replace the K20 ECM.
p If warmer than 128°C (262°F).
7. Test or replace the B111B Tucbarger Boost/Intake Air Temperature sensor.

8.2.3.24.13. Component Testing

Turbocharger Boost/Intake Air Temperature sensor

1. Ignition OFF, disconnect the harness connector at the B111B Turbocharger Boost/Intake Air Temperature sensor.
Note:

A thermometer can beised to test the sensor off the vehicle.

2. Test the IAT sensor 3 by varying the sensor temperature while monitoring the sensor resistance. Compare the
readings with the Temperature Versus Resistance Intake Air Temperature Sensor table for the agpesmsat.
The resistance values should be in range of the table values.
t If not within the specified range.
Replace the B111B Turbocharger Boost/Intake Air Temperature sensor.
p If within the specified range.
3. AllOK

8.2.3.24.14. Repair Instructions

Perform theDiagnostic Repair Verificaticafter completing the repair.
1 Intake Air Pressure and Temperature Sensor Replacefoeturbocharger boost/intake air temperature
replacement
1  Control Module Referencder Engine Control Module replacement, programming, aatlip.
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8.2.3.25. DTC POOFROOF6
8.2.3.25.1Diagnostic Instructions
o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides aroverview of each diagnostic category.
8.2.3.25.2DTC Descriptors
DTC POOF4
Intake Air Humidity Sensor Circuit Low Voltage
DTC POOF5
Intake Air Humidity Sensor Circuit High Voltage
DTC POOF6
Intake Air Humidity Sensor Circuit Erratic
8.2.3.25.3Diagnostic Fault Information
Circuit Short to Ground | Open/High Short to Signal
Resistance Voltage Performance
5V Reference P0097, POOF4,| P0096, PO097,/ P0097, POOF4, -
P0651, P2199, | POOF4, P2199, P0651, P2199,
P2227, P2228 | P2227,P2228| P2227, P2228
Sensor P0097, POOF5, | P0097P00F4, | P0097, POOF4, -
P2199 P2199 P2199*
Low Reference - P0O097, PO113, * -
POOF4, P2227,
P2229
*Internal ECM or sensor damage may occur if the circuit is shorted to B+.
Typical Scan Tool Data
Circuit Short to Ground Open/High Short to
Resistance Voltage

Operating ConditionsEngine Running

Parameter NormalRangé * | NASa 6AGK | YOASY(d KdzYARAGE |
5V Reference 0% 0% -
Signal 100% 0% 0 %
Low Reference - 0% *

*Internal ECM or sensor damage may occur if¢heuit is shorted to B+.

8.2.3.25.4Circuit/System Description

The sensors listed below are integrated within the multifunction intake air sensor:
1 IAT sensor 1
i IAT sensor 2
1  Humidity sensor
1 MAF sensor
1 BARO pressure sensor
The intake air humidity sensor measures #mabient humidity of the air in the sensor bore. The signal varies with intake
air humidity and is displayed by the scan tool as duty cycle %. The engine control module (ECM) applies 5 V to the signal
circuit. The humidity sensor and the IAT sensor 2 stieeame circuit.

The sensors listed below share an ECM supplied 5 V reference circuit:
i IAT sensor 2
1  Humidity sensor
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1  Barometric pressure (BARO) sensor
The sensors listed below share an ECM supplied low reference circuit:
i IAT sensor 1
i IAT sensor 2
1  Humidity sensor
1 Barometric pressure (BARO) sensor

8.2.3.25.5Conditions for Running the DTCs

POOF4, POOF5, and POOF6
f DTC P1682 is not set.
1  The ignition is ON.
1 The Ignition voltage is at least 11 V.
1 These DTCs run continuously within the enabling conditions.

8.2.3.25.6Conditions forSetting the DTCs

POOF4
The ECM detects that the humidity sensor signal is less than or equal to 5 % for greater than 5 s.
POOF5
The ECM detects that the humidity sensor signal is greater than or equal to 95 % for greater than 5 s.
POOF6
The ECM detects #t the humidity sensor signal is intermittent or has abruptly changed over a period of
time greater than 5 s.

8.2.3.25.7Action Taken When the DTC Sets

DTCs POOF4,PO0F5, and POOF6 are Type B DTCs.
8.2.3.25.8Conditions for Clearing the MIL/DTC

DTCs POOF4,PO0F5, and POOF@wpe B DTCs.
8.2.3.25.9Diagnostic Aids

1 The Intake Air Humidity Signal parameter displays the measured humidity within the air intake system and may differ
from atmospheric humidity measured outside the air intake system.

1  The humidity sensor and the IAT sensaighals are sent to the ECM on the same circuit. If the Intake Air Humidity
parameter displays the value: 0 % or 100 %, and there are also IAT Sensor 2 DTCs, check for a circuit problem.

8.2.3.25.10. Reference Information

Schematic Reference
Engine Controls Schematics
Connector End View Reference
Component Connector End Views
Electrical Information Reference
1  Circuit Testing
1  Connector Repairs
1  Testing for Intermittent Conditions and Poor Connections
1  Wiring Repairs
Powertrain Component Views
Powertrain Component Views
DTCType Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
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Scan Tool Reference

Control Module Referencder scan tool information
Special Tools

EL-38522A Variable Signal Generator

8.2.3.25.11. Circuit/System Verification

1. Ignition ON, verify that DTC DTC P0641, P0651, P0697, or PO6A3 is not set.
t If any of the DTCs are set

Refer to DT®0641, P0651, P0697, or POGé8Bfurther diagnosis.
p If none of the DTCs are set

Note:
To minimize the effects of residual engine haad sensor internal heating elements, perform Ste
2 and 3 of this verification procedure only if the ignition has been OFF for 8 hours or more.

2. Ignition ON.
3. Verify the following scan tool parameters are within 25°C (45°F) of each other.
1 StartUp IAT Sensor 1
1 IAT Sensor 2
T L!'¢ {Syaz2N)o*x ¢gKSNB Sl|dz LILISR
t If not within 25°C (45F)
Refer to Circuit/System Testing.
p If within 25°C (45°F)
4. Engine idling, verify the scan tool Intake Air Humidity parameter is between 5 and 90 %.
t If not between 5 and 90 %
Refer to Circuit/System Testing.
p If between 5 and 90 %
5. Operate the vehicle within the conditions for running the DTC. You may also operate the vehicle within the
conditions that you observed from the freeze frame/failureomts data.
6. Verify the DTC does not set.
t If the DTC sets
Refer to Circuit/System Testing.
p If the DTC does not set
7. All OK
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8.2.3.25.12. Circuit/System Testing

Note:
You must perform the Circuit/System Verification before proceeding with Circuit/SyEtstmg.

1. Ignition OFF, and all vehicle systems OFF, it may take up to 2 min. for all vehicle systems to power down. Disconnect the
harness connector at the B75C Mass Air Flow/Multifunction Intake Air sensor.
HO® ¢Sad T2NJ f Saa iefsrenge cincuitvernindl @ an8 §olndlil KS 26 NJ
t If 2mor greater
2.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
HOHD ¢Sad F2NJ £Saa GKIYy H m Ay (GKS 26 NBFTSNBYyOS OANDdz
t If 2mor greater, repair the open or high resistance in the circuit.
t If less than 2areplace the K20 Engine Control Module.
pLFT tSaa 0GKFYy H m
o® LIYAGA2Y hcCcCz Ittt @SKAOtS aeadtsSvya hccz GSad F2NItSaa GKIy
t If 2mor greater
3.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
odHd ¢Sad F2NI £Saa GKIFIYy H m Ay (GKS INRdzyR OANDdzA G SyR (2
+ If 2mor greater, repair the open or high resistance in the circuit.
t If less than 2w, repair the open/high resistance in the ground connection.
pLT t8aa (KLY H m
4. Ignition ON, test for 4¢5.2 V between the 5 V reference circuit terminal 2 and ground.
t Iflessthan 4.8V
4.1. Ignition OFF, disconnect the harness cetmeat the K20 Engine Control Module.
4.2. Test for infinite resistance between the signal circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance
ndod ¢Sad TFT2N f Schcuiteidivefid. H m Ay (GKS aiaayl
t If 2mor greater, repair the open/high resistance in the circuit.
t If less than 2w, replace the K20 Engine Control Module.
t If greater than 5.2V

Note:
If the 5 V reference circuit is shorted to a voltage the engine comtiadule or the sensor may b
damaged.

4.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
4.2. Ignition ON, test for less than 1 V between the 5 V reference circuit and ground.
t If 1V or greater, repair the short to voltage on the circuit.
t If less than 1V, replace the K20 Engine Control Module.
p If between 4.85.2 V
5. Ignition ON, test for 4¢%.2 V between the humidity signal circuit terminal 1 and ground.
t Ifless than 48V
5.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
5.2. Test for infinite resistance between the signal circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance
pPod ¢Sad F2NJ fSaa GKIY w m Ay (GKS aradaylrf OANDdzAG SyR G2
t If 2mor greater, repair the open/high resistance in the circuit.
t LT £8S4a GKFEY W mZ NBLXFOS GKS Yuwn 9y3IAYyS /2yiNRf az
t If greater than 5.2V

Note:
If the signal circuits shorted to a voltage the engine control module or the sensor may be dama
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5.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
5.2. Ignition ON, test for less than 1 V between the signal circuit and ground.
t If 1 Vor greater, repair the short to voltage on the circuit.
t Ifless than 1V, replace the K20 Engine Control Module.
p If between 4.85.2 V
6. Determine if E38522A Variable Signal Generator or equivalent is available.
t+ EL38522A, Variable Signal Genefia2 N¥ 2 NJ SljdzA @+ f Sy Aa y2aG | @FAtlof S
6.1. Replace the K20 Engine Control Module.
6.2. Operate the vehicle within the Conditions for Running the DTC. You may also operate the vehicle within the
conditions thatyou observed from the freeze frame/failure redsrdata.
6.3. Verify the DTC does not set.
t Ifthe DTC sets
Refer to step 10.
p If the DTC does not set
6.4. All OK.
PEL385221 = I NALFofS {AdylLf DSYSNIiG2NX 2N SljdzAagrtSyid Aa | SFAflof !
7. Ignition OFF, connect the leads of the3Bb22A Variable Signabenerator as follows:
1 Red lead to the signal circuit terminal 1 at the harness connector
1 Black leads to ground
1 Battery voltage supply lead to B+
8. Set the E88522A Variable Signal Generator to the following specifications.
1 Signal switchto 5V
1  Frequencyswitch to 250 Hz
1  Duty Cycle switch to 50 % (Normal)
9. Ignition ON, verify the scan tool Intake Air Humidity parameter is betweeb54%.
t If not between 4%55 %
Replace the K20 Engine Control Module.
p If between 4555 %
10. Test or replace the B75C Miuinction Intake Air sensor.

8.2.3.25.13. Component Testing

Multifunction Intake Air Sensor
1. Test the Intake Air Humidity Sensor by varying the air humidity in the intake duct near the sensor, while observiag the sc
tool Intake Air Humidity Sensor parameter. Tdggameter should change and be withig%%%.
t If not within 5¢95%.
Replace the B75C Multifunction Intake Air sensor.
p If within 5¢95%.
2. AllOK

8.2.3.25.14. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.
1 Mass Airflow Sesor Replacemerfor multifunction intake air sensor replacement.
1  Control Module Referencder Engine Control Module replacement, programming, and setup.
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8.2.3.26. DTC P0101
8.2.3.26.1Diagnostic Instructions
o Perform the Diagnostic System Check Velpdier to using this thgnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.26.2DTC Descriptor

DTC P0101
Mass Air Flow (MAF) Sensor Performance

8.2.3.26.3Diagnostic Fault Information

MAF Sensor
Circuit Short to Ground Open/High Short to Signal
Resistance Voltage Performance
Ignition Voltage P0102 P0102, P01101 P0690 P0101
Sensor P0102, P1101 | P0102, PO110] P0102* P0101,
P1101
Ground - P0102 - -
*Internal ECM or sensor damage may occur if the circuit is shorted to B+.

8.2.3.26.4Typical Scan Tool Data

MAF Sensor
Circuit Short to Ground Open/High Short to
Resistance Voltage
Operating ConditionsEngine running at various operating conditions
ParameterNormal Range2,000;10,000 Hz

Ignition Voltage 0 Hz 0 Hz -
Sensor 0 Hz OHz 0O HZ
Ground - 0 Hz -

*Internal ECM or sensor damage may occur if the circuit is shorted to B+.

8.2.3.26.5Circuit Description

The sensors listed below are integrated within thaltifunction intake air sensor:
Intake Air Temperature (IAT) sensor 1

IAT sensor 2

Humidity sensor

Mass Air Flow (MAF) sensor

Barometric (BARO) pressure sensor

E R

The MAF sensor is an air flow meter that measures the amount of air flowing in the deorsorThe engine control

module (ECM) uses the MAF sensor signal to provide the correct fuel delivery for all engine speeds and loads. A small
guantity of air entering the engine indicates a deceleration or idle condition. A large quantity of air erttezieggine

indicates an acceleration or high load condition.

The ECM applies 5 V to the MAF sensor signal circuit. The sensor produces a variable frequency signal based on the inlet
air flow through the sensor bore. The signal varies with engine loadsadibplayed by the scan tool as Hertz (Hz) and
grams per second (g/s). Vehicle ignition voltage and ground circuits are also supplied to the MAF sensor.
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The intake flow rationality diagnostic provides the withamge rationality check for the mass aiov (MAF), manifold
absolute pressure (MAP), and the throttle position sensors. This is an explicit -besil diagnostic containing 4
separate models for the intake system.

The estimates of MAF and MAP obtained from this system of models and calcsilatimithen compared to the actual
measured values from the MAF, MAP, and the throttle position sensors and to each other to determine the appropriate
DTC to fail.

The sensors listed below share an ECM supplied 5 V reference circuit:
1 IAT sensor 2
Humiditysensor
Barometric pressure (BARO) sensor
The sensors listed below share an ECM supplied low reference circuit:
IAT sensor 1
IAT sensor 2
Humidity sensor
Barometric pressure (BARO) sensor

E N I

8.2.3.26.6Conditions for Running the DTCs

1 DTCs P0096, P0O097, PO098, PORO203, P0O107, PO111, PO112, PO113, PO116, PO117, P0118, P0119, P0237, P0238,
P0335, P0336, P2227, P2228, P2229, or P2230 are not set.

1  The engine speed is between 400000 RPM.

1 ¢KS Sy3aaysS 022ftlyid GSYLSNI GdzZNBE 69/ ¢0 A& 0SiGsSSy b1 YR
1 ¢KS AyaGFr1S FANI GSYLISNI Gdz2NB 6L! ¢0 A& 0SGsSSy bun YR bwmH
1

The DTC runs continuously when the above conditions are met.
8.2.3.26.7Conditions for Setting the DTC

The engine control module (ECM) detects that the actual measured airflow from theN¥A&s, and throttle position
sensors is not witln range of the calculated airflow that is derived from the system of models for greater than 2 s.

8.2.3.26.8Action Taken When the DTC Sets
DTC P010lis a Type B DTC.
8.2.3.26.9Conditions for Clearing the MIL/DTC
DTC P0101 &sType B DTC.
8.2.3.26.10. Diagnostic Aids

1 Certain aftermarket air filters may cause this DTC to set.
1 Certain aftermarket air induction systems may cause this DTC to set.
1 Modifications to the air induction system may cause this DTC to set.

8.2.3.26.11. Reference Information

Schematic Reference
Engine Controls Schematics
Connector End View Reference
Component Connector End Views
Electrical Information Reference
1  Circuit Testing
1  Connector Repairs
I  Testing for Intermittent Conditions and Poor Connections
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1  Wiring Repairs
Powertrain Component Views
Powertrain Component Views
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control Module Referencder scan tool information
Special Tools
EL-38522A Variable Signal Generator

8.2.3.26.12. Circuit/Sysem Verification

1. Ignition ON.
2. Verify that DTC DTC P0641, P0651, P0697, or PO6AS3 is not set.
t If any of the DTCs are set
Refer to DTC P0641, P0651, P0697, or PO6A3 for further diagnosis.
p If none of the DTCs are set
3.IfyouweresentherefromDIChncy X tnanmMncX tnAnMHMIE tnHocX 2NJtmmam* NBFS
4. Ignition ON.
5. Verify the scan tool Throttle Body Idle Airflow Compensation parameter is less than 90 %.
t 1f 90 % or greater
Refer to Throttle Body Inspection and Cleaning.
p If less than 90 %
6. Verify the scan tool Throttle Position Sensors 1 and 2 Agree/Disagree parameter displays Agree while performing
the Throttle Sweep Test with a scan tool.
t If Disagree
Refer toDTC P012P0123, P0222, P0223, or P2186further diagnosis.
p If Agree
7. Determine the current vehicle testing altitude.
8. Verify the scan tool MAP Sensor pressure parameter is within the range specifiediifittiiee VVersus Barometric
Pressure table.
t If the MAP Sensor parameter is not in range
Refer toDTC B106for further diagnosis.
p If the MAP Sensor parameter is within range
9. Verify the engine is equipped with a turbocharger.
t If not equipped with a turbocharger
Refer to Step 12.
p If equipped with a turbocharger
10. Verify the scan tool Boost PressuBensor parameter is within the range specified in #igtude Versus
Barometric Pressure table.
t If the Boost Pressure Sensor parameter is not in range
Refer toDTC P023for further diagnosis.
p If the Boost Pressure Sensor parameter is within range
11. Verify the scan tool Boost Pressure Sensor parameter decreases after starting the engine.
t If the Boost Pressure Sensor parameter does not decrease
Refer toDTC P023for further diagnosis.
p If the Boost Pressure Sensor parameter does decrease
12. Engine idling; verify the scan tool MAP Sensor pressure parameter is betwed2 RPa (3.87.5 PSI) and
changes withaccelerator pedal input.
t If not between 26;52 kPa (3.87.5 PSI) or does not change
Refer toDTC P010for further diagnosis.
p If between 26;52 kPa (3.87.5 PSI) and changes
13. Verify the scan tool MAF Sensor g/s parameter changes smoothly and gradually as the engine speed is increased
and decreaseavhile performing the actions listed below.
13.1. Engine idling
13.2. Perform thescan tool snapshot function.
13.3. Increase the engine speed slowly to 3,000 RPM and then back to idle.
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13.4. Exit from the scan tool snapshot and review the data.
13.5. Observe the MAF Sensor parameter frame by frame with a scan tool.
t If the MAF Sensoparameter does not change smoothly and gradually
Refer to Circuit/System Testing.
p If the MAF Sensor parameter changes smoothly and gradually
14. Operate the vehicle within the Conditions for Running the DTC. You may also operate the vehicle within the
conditions that you observed from the Freeze Frame/Failure Records data.
15. Verify the DTC does not set.
t If the DTC does set
Refer to Circuit/System Testing for further diagnosis.
p If the DTC does not set
16. All OK

8.2.3.26.13. Circuit/System Testing

Note:
Youmust perform the Circuit/System Verification before proceeding with Circuit/System Testin

1. Check the integrity of the entire air induction system by verifying that none of the following conditions exist:
Any damaged components
Improper operation ofdzNb 2 OKI NASNJ ¢ 4803831 GS | QlGidz- 62NJ 2NJ oell aa gl
Improperly installed components
Collapsed, restricted, or damaged components
Loose clamps, cracks, or other damage
An air flow restriction
Restricted air filter
Splits, kinks, leaks, or impropeonnections at the vacuum hoses
Vacuum leaks at the intake manifold, MAP sensor, and throttle body
Water intrusion
Any snow or ice buildup, in cold climates
Contamination of the Multifunction Intake Air sensor element
t If a condition is found
Repair oreplace component as appropriate.
p If no condition is found
2. Ignition OFF, disconnect the harness connector at the B75C Multifunction Intake Air sensor.
od® ¢Saild FT2NIfSaa GKFIYy w m 0SGsSSy GKS INBdzyR OANDdzA
+ LT H m 2NJ INBFGESNI
3.1.1gnition OFF.

E I I I B I B B B |

ety
u»
Z
r'd

odHd ¢Sad F2NI £Saa GKIY H m Ay (GKS INRdzy R OANDdzA G Sy
t LT v m 2NJ IANBFGSNE NBLI ANJ GKS 21LI8ykKAIK NBaradl
t LT €844 GKFEY W mI NBLIAN 6KS 2LISykKAIK NBaraidly
pLT fSaa GKFIYy H m

4. IgnitionON.
5. Verify that a test lamp illuminates between the ignition circuit terminal 5 and ground.
t If the test lamp does not illuminate and the circuit fuse is good
5.1. Ignition OFF, remove the test lamp and remove the fuse for the ignition circuit.

52.Té&d TFT2NJ £Saa GKFY H m Ay (KS A3dyAdAizy OANDdzAG SyR i
t LT v m 2N IANBFGSNE NBLI AN 6GKS 2LISYykKAIK NBarAadl
t LT f8aa GKIFIY v mXI GSNATFEe GKS FTdza$S Aa y20 2LSy |

t If the test lamp does not illuminate and theircuit fuse is open
5.1. Ignition OFF, remove the test lamp and remove the fuse for the ignition circuit.
5.2. Test for infinite resistance between the ignition circuit and ground.
t If less than infinite resistance, repair the short to ground on the iircu
t If infinite resistance, test all components connected to the ignition circuit, replace as necessary.
p If a test lamp illuminates
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6. Ignition ON, test for 4¢®.2 V between the signal circuit terminal 3 and ground.
t Iflessthan 4.8V
6.1. IgnitionOFF, disconnect the harness connector at the K20 Engine Control Module.
6.2. Test for infinite resistance between the signal circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance

63.T&ad FT2NJ fSaa dGKFy W m Ay GKS ardaytrt OANDdzA G SyR {2
t LT H m 2NJ IANBFGSNE NBLI AN GKS 2LISYykKAIK NBaraadl
t LT f£8aa GKIFEY H mZI NBLXFOS GKS Yuwn 9y3IAYS [ 2yiNR

t If greater than 5.2V
6.1. Ignition OFF, disconnect the harness cormeat the K20 Engine Control Module.
6.2. Ignition ON, test for less than 1 V between the signal circuit and ground.
t If 1V or greater, repair the short to voltage on the circuit.
t Ifless than 1V, replace the K20 Engine Control Module.
p If between 48¢5.2 V
7. Determine if E38522A Variable Signal Generator or equivalent is available.
t E38522! ¥ x| NAIo6ftS {A3dylf DSYSNIG2NX¥ 2N SljdAagltSyd aAa yzi
7.1. Test or replace the B75C Multifunction Intake Air sensor.
7.2. Operate the vehicle withime Conditions for Running the DTC. You may also operate the vehicle within
the conditions thatyou observed from the freeze frame/failure records data.
7.3. Verify the DTC does not set.
t If the DTC sets
Replace the K20 Engine Control Module.
p If no DTCset
7.4. All OK.
PpEL385221 5 | NAFo6fS {A3aylf DSYSNIG2NX 2N SljdzAa gt Syd A& | O A
8. Ignition OFF, emect the leads of the ER8522A Variable Signal Generator as follows:
1 Red lead to the signal circuit terminal 3 at the harness connector
1 Black lead$o ground
1 Battery voltage supply lead to B+
9. Set the E88522A Variable Signal Generator to the following specifications.
1 Signal switch to 5V
1 Frequency switch to 5 kHz
1  Duty Cycle switch to 50 % (Normal)
10. Engine idling, verify the scan tool MAF Sepsoameter is between 4,958,050 Hz.
t If not between 4,95@5,050 Hz.
Replace the K20 Engine Control Module.
p If between 4,95@5,050 Hz.
11. Test or replace the B75C Multifunction Intake Air sensor.

8.2.3.26.14. Repair Instructions

Perform theDiagnostic Repair Vi@ication after completing the repair.
1 Mass Airflow Sensor Replacemdot multifunction intake air sensor replacement.
1 Control Module Referencder Engine Control Module replacement, programming, and setup.
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8.2.3.27. DTC P0102 or P0103
8.2.3.27.1Diagnostic Instructions
o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.
8.2.3.27.2DTC Desgqrtors
DTC P0102
Mass Air Flow (MAF) Sensor Circuit Low Frequency
DTC P0103
Mass Air Flow (MAF) Sensor Circuit High Frequency

8.2.3.27.3Diagnostic Fault Information

MAF Sensor
Circuit Short to Ground | Open/High Short to Signal
Resistance Voltage Performance
Ignition Voltage P0102 P0102, P01101 P0690 P0101
Sensor P0102, P1101 | PO102, P1101 P0102* P0O101,
P1101
Ground - P0102 - -
*Internal ECM or sensor damage may occur if the circuit is shorted to B+.
8.2.3.27.4Typical Scan Tool Data
MAF Sensor
Circuit Short toGround Open/High Short to

Resistance Voltage
Operating ConditionsEngine running at various operating conditions
Parameter Normal Range,000;10,000 Hz

Ignition Voltage 0 Hz 0 Hz -
Sensor 0 Hz 0 Hz 0 HZz
Ground - OHz -

*Internal ECM or sensatamage may occur if the circuit is shorted to B+.

8.2.3.27.5Circuit Description

The sensors listed below are integrated within the multifunction intake air sensor:
Intake Air Temperature (IAT) sensor 1

IAT sensor 2

Humidity sensor

Mass Air Flow (MAF) sensor

Barometric (BARO) pressure sensor

=A =4 =4 -8 =

The MAF sensor is an air flow meter that measures the amount of air flowing in the sensor bore. The engine control module
(ECM) uses the MAF sensor signal to provide the correct fuel delivery for all engine speedsland mall quantity of air
entering the engine indicates a deceleration or idle condition. A large quantity of air entering the engine indicates an
acceleration or high load condition.

The ECM applies 5 V to the MAF sensor signal circuit. The sensacgsaal variable frequency signal based on the inlet air
flow through the sensor bore. The signal varies with engine load and is displayed by the scan tool as Hertz (Hz) and grams pe
second (g/s). Vehicle ignition voltage and ground circuits are alsoiedpplthe MAF sensor.
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The sensors listed below share an ECM supplied 5 V reference circuit:

=A =8 =8 -8-a-a_-8-9

IAT sensor 2

Humidity sensor

Barometric pressure (BARO) sensor

The sensors listed below share an ECM supplied low reference circuit:
IAT sensor 1

IAT sensor 2

Humidity sensor

Barometric pressure (BARO) sensor

8.2.3.27.6Conditions for Running the DTCs

= =4 = -8 =4

The engine is running for at least 1 s.

The engine speed is at least 300 RPM.

The ignition signal is at least 10 V.

The above conditions are met for at least 1 s.

The DTC runsontinuously when the above conditions are met.

8.2.3.27.7Conditions for Setting the DTCs

P0102
The ECM detects that the MAF Sensor signal parameter is less than 1,837 Hz (about 0.10 g/s) for at least 250
cylinder firing events.

P0103
The ECM detects that the MAErSor signal parameter is at least 13,200 Hz (about 193.4 g/s) for at least
250 cylinder firing events.

8.2.3.27.8Action Taken When the DTCs Set

DTCs P0102 and P0103 are Type B DTCs.

8.2.3.27.9Conditions for Clearing the MIL/DTCs

DTCs P0102 and P0103 are Type B DTCs.

8.2.3.27.10. Diagrostic Aids

Verify that any electrical aftermarket devices are properly connected and grounded. Reféretiking Aftermarket

Accessories.

8.2.3.27.11. Reference Information

Schematic Reference
Engine Controls Schematics
Connector End View Reference
Component Connectdend Views
Electrical Information Reference
1  Circuit Testing
1 Connector Repairs
1  Testing for Intermittent Conditions and Poor Connections
1  Wiring Repairs
Powertrain Component Views
Powertrain Component Views
DTC Type Reference
Powertrain Diagnostic Troubfgode (DTC) Type Definitions
Scan Tool Reference
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Control Module Referencder scan tool information
Special Tools
EL-38522A Variable Signal Generator

8.2.3.27.12. Circuit/System Verification

1. Engine idling, verify the scan tool MAF Sensor parameter is betweatb 5 4s.
t If not between 1.7%85.5 g/s
Refer to Circuit/System Testing.
p If between 1.7%5.5 g/s
2. Verify the scan tool MAF Sensor g/s parameter changes smoothly and gradually as the engine speed is increased
and decreased while performing the actidigted below.
2.1. Engine idling
2.2. Perform the scan tool snapshot function.
2.3. Increase the engine speed slowly to 3,000 RPM and then back to idle.
2.4. Exit from the scan tool snapshot and review the data.
2.5. Observe the MAF Sensor parameter frdmpdrame with a scan tool.
t If the MAF Sensor parameter does not change smoothly and gradually
Refer to Circuit/System Testing.
p If the MAF Sensor parameter changes smoothly and gradually
3. Operate the vehicle within the Conditions for Running the DridC. may also operate the vehicle within the
conditions that yowbserved from the Freeze Frame/Failure Records data.
4. Verify the DTC does not set.
t If the DTC does set
Refer to Circuit/System Testing for further diagnosis.
p If the DTC does not set
5. AIOK

8.2.3.27.13. Circuit/System Testing

Note:
You must perform the Circuit/System Verification before proceeding with Circuit/System Testi

1. Ignition OFF, disconnect the harness connector at the B75C Multifunction Intake Air sensor.
HO ¢Sad ¥ 2beiwéeb thaigroiing ¢irglit termimal 4 and ground.
t LT H o m 2NJ INBFGSNI

2.1. Ignition OFF. Disconnect the sensor chassis ground.

HOHD ¢S&ad FT2N £8aa GKIYy H m Ay (GKS INRdzyR OANDdzA G Sy
t LT v om 2N INBFEGSNE NBLIF AN GKS 2LSYykKAIK NBaraadl
KS 2LSykKAIK NBaradly

t LT €834 GKFY W mZ NBLIF AN G
pLFT tSaa GKFy H
3. Ignition ON.
4. Verify that a test lamp illuminates between the ignition cir¢eftminal 5 and ground.
t If the test lamp does not illuminate and the circuit fuse is good
4.1. Ignition OFF, remove the test lamp and remove the fuse for the ignition circuit.
neHd ¢Sad F2NJ£Saa GKIY H m Ay GKS AJyAdGAaz2y OANDIz 0
t LT H eater,2epdir EhéNdpen/high resistance in the circuit.
t LT 834 GKFY W mZ @GSNAFe GKS FdzasS Aa yz2d 2L8y |
t If the test lamp does not illuminate and the circuit fuse is open
4.1. Ignition OFF, remove the test lamp and remiieefuse for the ignition circuit.
4.2. Test for infinite resistance between the ignition circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
t+ If infinite resistance, test all components connected to thetignicircuit, replace as necessary.
p If a test lamp illuminates
5. Ignition ON, test for 4¢%.2 V between the signal circuit terminal 3 and ground.
t Iflessthan 4.8V
5.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.

M
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5.2. Test for infinite resistance between the signal circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance
pdPod ¢Sad F2NJ fSaa dGKIYy W m Ay (GKS airxaylt OANDdAG Sy
t LT w© ner, 2epalr BeNIBdn/high resistance in the circuit.
t LT £S8Saa GKFy H m3X NBLIIFOS G4KS Yun 9y3IAYyS [ 2y GNP
t If greaterthan 5.2V
5.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
5.2. Ignition ON, test for lessah 1 V between the signal circuit and ground.
t If 1V or greater, repair the short to voltage on the circuit.
t Ifless than 1V, replace the K20 Engine Control Module.
p If between 4.85.2 V
6. Determine if E38522A Variable Signal Generator equivalent is available.
t EL38522! = I NAFo6tS {A3ylrft DSYSNIG2NX¥ 2N SljdzA @t Syid Aa yz2i
6.1. Test or replace the B75C Multifunction Intake Air sensor.
6.2. Operate the vehicle within the Conditions for Running the DTC. You may also openahitthe within
the conditions thatyou observed from the freeze frame/failure records data.
6.3. Verify the DTC does not set.
t Ifthe DTC sets
Replace the K20 Engine Control Module.
p If no DTCs set
6.4. All OK.
pEL38522A + | NA | 6 f S { A 3 gouitalerDiSav&llable § 2 NX* 2 NJ
7. Ignition OFF, connect the leads of the3BB22A Variable Signal Generator as follows:
1 Red lead to the signal circuit terminal 3 at the harness connector
1 Black leads to ground
1 Battery voltage supply lead to B+
8. Set the EB8522-A Variable Signal Generator to the following specifications.
1 Signal switchto 5V
1  Frequency switch to 5 kHz
1  Duty Cycle switch to 50 % (Normal)
9. Engine idling, verify the scan tool MAF Sensor parameter is betweerg8,050 Hz.
t If not between 4,95@5,050 Hz.
Replace the K20 Engine Control Module.
p If between 4,95@5,050 Hz.
10. Test or replace the B75C Multifunction Intake Air sensor.

8.2.3.27.14. Repair Instructions

Performthe Diagnostic Repair Verificati@fter completing the repair.
1 Mass Airflow Sensor Replacemdot multifunction intake air sensor replacement.
1  Control Module Referencder Engine Control Module replacement, programming, and setup.
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8.2.3.28. DTC P0106
8.2.3.28.1Diagnostic Instructions
o Perform the Diagnostic System Check Vetpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.28.2DTC Descriptor

DTC P0106
Manifold Absolute Pressure (MARrSor Performance

8.2.3.28.3Diagnostic Fault Information

Circuit Short to Ground Open/High Short to Signal
Resistance Voltage Performance
5V Reference P0107, P0697 | P0106, P0107| P0108, P0697 P0106
Sensor P0107 P0106, P0107 P0108 P0106
Low Reference - P0106,,0108 - P0106
*Internal ECM or sensor damage may occur if the circuit is shorted to B+.

Typical Scan Tool Data
MAP Sensor

Circuit Short to Ground Open/High Short to
Resistance Voltage
Operating ConditionsEngine running at various operating conditions
Parameter Normal Rangd:2¢103 kPa (1.q14.9 PSI)

5V Reference 0 kPa (0 PSI) 0 kPa (0 PSI) 104 kPa (15.1 PSI
Signal 0 kPa (0 PSI) O kPa (OPSI) | 104 kPa (15.1 PSI)
Ground - 80¢103 kPa -

(11.614.9 PSI)
*Internal ECM or sensor damage may occur if the circuit is shorted to B+.

MAP Sensor, if equipped with Turbocharger
Circuit Short to Ground Open/High Short to
Resistance Voltage
Operating ConditionsEngine running at various operating conditions
Parameter Normal Rangd:2¢225 kPa (1.332.6 PSI)

5V Reference 0 kPa (0 PSI) 0 kPa (0 PSI) 255 kPa (36.9 PSI)
Signal 0 kPa (0 PSI) 0 kPa (0 PSI) | 255 kPa (36.9 PSI)
Ground 255 kPa (36.9 PS

*Internal ECM or sensor damage may occur if the circsihéasted to B+.

8.2.3.28.4Circuit Description

The manifold absolute pressure (MAP) sensor measures the pressure inside the intake manifold. Pressure in the intake manifold
Aa FFTFFSOGSR o0& Sy3aiaysS &aLSSR: GKNRGGT S 2aniSiffehupRed tulbdchdigel S Y LIS NI
output. A diaphragm within the MAP sensor is displaced by the pressure changes that occur from the varying load and

operating conditions of the engine. The sensor translates this action into electrical resistance.

The MAP ser wiring includes 3 circuits. The engine control module (ECM) supplies a regulated 5 volts to the sensor ona 5V
reference circuit. The ECM supplies a ground on a low reference circuit. The MAP sensor provides a signal voltage to the ECM,
relative to thepressure changes, on the MAP sensor signal circuit. The ECM converts the signal voltage input to a pressure
value.

180
REVISION1.0
RELEASE DAJE&6/2017



VeniceService Manual

Engine / Propulsion

VANDERHALL

Under normal operation the greatest pressure that can exist in the intake manifold is at ignition ON, engine OFF, whidh is eq

to the BAR. If equipped, a turbocharger can increase the pressure above BARO, when the vehicle is operategbpenwvide
throttle (WOT). The lowest manifold pressure occurs when the vehicle is idling or decelerating. The ECM monitors the MAP
sensor signal for preseeioutside of the normal range.

8.2.3.28.5Conditions for Running the DTC

= =4 =4 -8 =8

DTCs P0107, P0108, PO111, P0112, PO113, P0114, PO116, P0117, P0118, P0119, P0128, P0335, P0336 are not set.
The engine speed is between 48500 RPM.

The engine coolant temperature (ECT) sétdoA & 0SS0 6SSy b1 G2
¢CKS AYydlr1S AN GSYLISNI GdzNB o6L! ¢v aSya
This DTC runs continuously when the above conditions are met.

bMHpc/ OmMdbpPdPn YR HPp
2NJ A 08G6SSy bun

Qx¢

8.2.3.28.6Conditions for Setting the DTC

The ECM detects that the MAP Senpoessure is not within range of the calculated pressure that is derived from a
system of models for more than 0.5 s.

8.2.3.28.7Action Taken When the DTC Sets

DTC P0106 is a Type B DTC.

8.2.3.28.8Conditions for Clearing the DTC

DTC P0106 is a Type B DTC.

8.2.3.28.9Referencenformation

Schematic Reference
Engine Controls Schematics
Connector End View Reference
Component Connector End Views
Description and Operation
Turbocharger System Description
Electrical Information Reference
1 Circuit Testing
1  Connector Repairs
1  Testing formtermittent Conditions and Poor Connections
1  Wiring Repairs
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control Module Referencder scan tool information
Special Tools
GE23738A Vacuum Pump

8.2.3.28.10. Circuit/System Verification

1. Ignition ON.
2. Verify that DTC P0641, P0651, P0697, or PO6A3 is not set.
t If any of the DTCs are set
Refer toDTC P0641, P0651, P0697, or PGeAfurther diagnosis.
p If none of the DTC are set
3. Ifyouweresenthere NBY 5¢/ tnncyX tamamZ taAMHMZ tnHocX 2Nt mMmMAamM>
4. Ignition ON.
5. Verify the scan tool Throttle Body Idle Airflow Compensation parameter is less than 90%.
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t 1f 90% or greater
Refer to Throttle Body Inspection and Cleaning.
p If less than 90%
6. Verify the scan tool Throttle Position Sensors 1 and 2 Agree/Disagree parameter displays Agree while performing
the Throttle Sweep Test with a scan tool.
t If Disagree
Refer toDTC P012P0123, P0222, P0223, or P2186further diagrosis.
p If Agree
7. Determine the current vehicle testing altitude.
8. Verify the scan tool MAP Sensor parameter is within the range specified Aitthele Versus Barometric Pressure
table.
t If the MAP Sensor parameter is not in range
Refer to Circuitbystem Testing.
p If the MAP Sensor parameter is in range
9. Verify the engine is equipped with a turbocharger.
t If not equipped with a turbocharger
Refer to Step 12.
p If equipped with a turbocharger
10. Verify the scan tool Boost Pressure Sensor parameter is within the range speciftesl Aititude Versus
Barometric Pressure table.
t If the Boost Pressure Sensor parameter is not in range
Refer to DTC P0236 for further diagnosis.
p If the Boost Preasre Sensor parameter is in range
11. Verify the scan tool Boost Pressure Sensor parameter decreases after starting the engine.
t If the Boost Pressure Sensor parameter does not decrease
Refer to DTC P0236 for further diagnosis.
p If the Boost Pressure Seosparameter is within range
12. Engine idling, verify the scan tool MAP Sensor pressure parameter is betwes? Ba (3.87.5 PSI) and
changes withaccelerator pedal input.
t If not between 26;52 kPa (3.87.5 PSI) or does not change
Refer to Circuit/Syem Testing.
p If between 2652 kPa (3.87.5 PSI) and changes
13. Verify the scan tool MAF Sensor g/s parameter changes smoothly and gradually as the engine speed is increased
and decrease@vhile performing the actions listed below.
13.1. Engine idling
13.2. Perform the scan tool snapshot function.
13.3. Increase the engine speed slowly to 3000 RPM and then back to idle.
13.4. Exit from the scan tool snapshot and review the data.
13.5. Observe the MAF Sensor parameter frame by frame with a scan tool.
t If the MAF Sensor parameter does not change smoothly and gradually
Refer to DTC P0101.
p If the MAF Sensor parameter does change smoothly and gradually
14. Operate the vehicle within the Conditions for Running the DTC. You may also operate the vehiclehwithin t
conditions that yowbserved from the Freeze Frame/Failure Records data.
15. Verify a DTC does not set.
t Ifthe DTC sets
Refer to Circuit/System Testing.
p If the DTC does not set
16. All OK.

8.2.3.28.11. Circuit/System Testing

1. Check the integrity of the entitar induction system and verify that none of the following conditions exist:
1 Any damaged components
1 Improper operation of turbocharger wastegate actuator or bypass valve, if equipped
1 Loose or improper installation of the turbocharger and the charge aitecpincluding the flexible
ductwork, if equipped
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An air flow restriction
Any vacuum leak
Improperly routed vacuum hoses
In cold climates, inspect for any snow or ice buildup at the BARO port on the ECM, if equipped
A restriction in the MAP Sensor portitie BARO port
Proper operation of the positive crankcase ventilation system
Missing, restricted or leaking exhaust components. Refer to SympEomsie Exhaust
9yaAAYS YSOKIYyAOFt O2yRAGAZY* F2NJ SEI YLJoS Refeitd g O2 Y LINB
Symptoms Engine Mechanical.
t+ If a condition is found
Repair or replace the component as appropriate.
p If no condition is found
2. Ignition OFF, and all vehicle systems OFF, it may take up to 2 min. for all vehicle systems to power down.
Disonnect the harness connector at the B74 Manifold Absolute Pressure Sensor.
od ¢Saild F2NIfSaa GKFry w m 0SiG6SSy (KS t2¢6 NBFTFSNByOS OAND
t If 2mor greater
3.1. Ignition OFF, disconnect the K20 Engine Control Module.
32.Testfof Saa& GKIFIY W m Ay GKS t2¢ NBFTSNBYyOS OANDdzA
t If 2mor greater, repair the open/high resistance in the circuit.
t If less than 2w, replace the K20 Engine Control Module.
pLT t8aa GKIYy H m
4. Ignition ON.
5. Test for 4.85.2 V between the 5 ¥eference circuit terminal 1 and ground.
t Iflessthan 4.8V
5.1. Ignition OFF, disconnect the K20 Engine Control Module.
5.2. Test for infinite resistance between the 5 V reference circuit and ground.
t If less than infinite resistance, repair the shtwtground on the circuit.
p If infinite resistance
pPod ¢Sad F2NI £Saa GKIFIYy H m Ay (GKS p = NBFSNBYyOS OAN
t If 2mor greater, repair the open/high resistance in the circuit.
t LT £8484a GKIFEY W mZ NBLXFOS GKS Yun 9y3IAYS [ 2y iNER

= =8 =4 -8 -8 -8 -8

u»

VR

Note:
If the signal circuit is shorted to a voltage the ECM or the MAP Sensor may be damaged.

t If greater than 5.2V
5.1. Ignition OFF, disconnect the K20 Engine Control Module.
5.2. Ignition ON, test for less than 1 V between the 5 V reference circuit anddyr
t If 1V or greater, repair the short to voltage on the circuit.
t If less than 1V, replace the K20 Engine Control Module.
p If between 4.85.2 V
6. Ignition ON, verify the scan tool MAP Sensor parameter is less than 0.5 V.
t If 0.5V or greater
6.1 Ignition OFF, disconnect the K20 Engine Control Module.
6.2. Ignition ON, test for less than 1 V between the signal circuit terminal 3 and ground.
t If 1V or greater, repair the short to voltage on the circuit.
t If less than 1V, replace the K20 Endduatrol Module.
p Iflessthan 0.5V
7. Ignition OFF, install a 3 A fused jumper wire between the signal circuit terminal 3 and the 5 V reference circuit
terminal 1.
8. Ignition ON, verify the scan tool MAP voltage parameter is greater than 4.5 V.
t If45Vorless
8.1. Ignition OFF, disconnect the K20 Engine Control Module.
8.2. Remove the jumper wire, test for infinite resistance between the signal circuit terminal 3 and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance
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ydod ¢Said F2NIfSaa GKFrYy W m Ay GKS airdaylrt OANDdAG Sy
t+ LT # m 2NJ ANBIFGSNE NBLI AN GKS 2LISy 2N KATK NBEA
t LT f S & arepiadé thg’K2@ Engirie Control Module.

p If greater than 4.5V
9. Test or replace the B74 Manifold Absolute Pressure Sensor.

8.2.3.28.12. Component Testing

Note:
You must perform the Circuit/System Testing in order to Check the integrity of the MAP §
circuitsbefore proceeding withhhe Component Testing.

Skewed Sensor Test
1. Ignition OFF, remove the B74 Manifold Absolute Pressure Sensor from the engine. Connect the harness to the
sensor, if disconnected.
2. Ignition ON, apply 17 kPa (5.0 in Hg) of vacuuthed 74 Manifold Absolute Pressure Sensor, with the GE23738A.
Verify the scan tool MAP Sensor pressure parameter decreases betwe2h kBa (1.83.0 PSI).
t If the parameter does not decrease between @3l kPa (1.83.0 PSI).
Replace the B74 Manifold Absté Pressure Sensor.
p If the parameter does decrease between 431 kPa (1.83.0 PSI).
3. Apply 34 kPa (10.0 in Hg) of vacuum to the B74 Manifold Absolute Pressure Sensor, with the GE23738A.
Verify the scan tool MAP Sensor pressure parameter decreaseebet3@®;38 kPa (4.45.5 PSI).
t If the parameter does not decrease between &8 kPa (4.45.5 PSI).
Replace the B74 Manifold Absolute Pressure Sensor.
p If the parameter does decrease between &8 kPa (4.45.5 PSI).
4. All OK.

Erratic Signal Test
1. Igniion OFF, remove the B74 Manifold Absolute Pressure Sensor and disconnect the harness.
2. Install a 3 A fused jumper wire between the 5 V reference circuit terminal 1 of the sensor and the sensor harness.
3. Install a jumper wire between the low referendecait terminal 2 of the sensor and ground.
4. Install a jumper wire to the signal circuit terminal 3 of the sensor.
5. Connect a DMM between the jumper wire and ground.
6. Ignition ON, observe the DC voltage on the DMM. Slowly apply betwggnhkPa (§4.4 in Hg) of vacuum to the
sensor with the GR3738A. Verify the voltage changes, without any spikes or dropouts, betweed 9.%/.
t If not between 0.2; 4.9 V or has spikes or dropouts
Replace the B74 Manifold Absolute Pressure Sensor.
p If between 0.2¢4.9 V and there are no spikes or dropouts
7. All OK.

8.2.3.28.13. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.
1  Manifold Absolute Pressure Sensor Replacement
1  Control Module Referencder ECM replacement, programming asetup

184
REVISION1.0
RELEASE DAJE&6/2017



8.2.3.29.

VeniceService Manual

VANDERHALL

Engine / Propulsion
DTC P0107 or P0108
8.2.3.29.1Diagnostic Instructions
o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovidesan overview of each diagnostic category.
8.2.3.29.2DTC Descriptors
DTC P0107
Manifold Absolute Pressure (MAP) Sensor Circuit Low Voltage
DTC P0108
Manifold Absolute Pressure (MAP) Sensor Circuit High Voltage
8.2.3.29.3Diagnostic Fault Information
Circuit Short to Ground | Open/High Short to Signal
Resistance Voltage Performance
5V Reference P0107, P0697 | P0106, P0107| P0108, P0697 P0106
Sensor P0107 P0106, P0107 P0108 P0106
Low Reference - P0106, P0108 - P0106
*Internal ECM or sensor damage may occur if the circgibdsted to B+.
8.2.3.29.4Typical Scan Tool Data
MAP Sensor
Circuit Short to Ground Open/High Short to
Resistance Voltage
Operating ConditionsEngine running at various operating conditions
Parameter Normal Range:2¢103 kPa (1.q14.9 PSI)
5 V Reference 0 kPa(0 PSI) 0 kPa (0 PSI) 104 kPa (15.1 PSI
Signal 0 kPa (0 PSI) 0 kPa (0 PSI) 104 kPa (15.1 PSI)
Ground - 80¢103 kPa -
(11.614.9 PSI)

*Internal ECM or sensor damage may occur if the circuit is shorted to B+.

MAP Sensor, when equipped with Turbocharger

Circuit

Short to Ground

Open/High
Resistance

Short to
Voltage

Operating ConditionsEngine running at various operating conditions
Parameter Normal Rangd:2¢225 kPa (1.q32.6 PSI)

5 V Reference 0 kPa (0 PSI) 0 kPa (0 PSI) 255 kPa (36.9 PSI
Signal O0kPa (0 PSI) 0 kPa (0 PSI) 255 kPa (36.9 PSI)
Ground - 255 kPa (36.9 PSI) -

*Internal ECM or sensor damage may occur if the circuit is shorted to B+.

8.2.3.29.5Circuit Description

The manifold absolute pressure (MAP) sensor measures the pressure insidetake manifold. Pressure in the

AYGalr1S YEYyAT2ER

A a

0e

Sy3arys

ALISSR:

GKNRGGE S

where equipped turbocharger output. A diaphragm within the MAP sensor is displaced by the pressure changes that
occur from the varying load and operating conditions of the engine. The sensor translates this action into electrical

resistance.
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The MAP sensor wiring includes 3 circuits. The engine control module (ECM) supplies a regulated 5 V to the sensor on
a 5 V eference circuit. The ECM supplies a ground on a low reference circuit. The MAP sensor provides a signal
voltage to the ECM, relative to the pressure changes, on the MAP sensor signal circuit. The ECM converts the signal
voltage input to a pressure value.

Under normal operation the greatest pressure that can exist in the intake manifold is at ignition ON, engine OFF,
which is equal to the BARO. Where equipped, a turbocharger can increase the pressure above BARO, when the
vehicle is operated at wideopen thitle (WOT). The lowest manifold pressure occurs when the vehicle is idling or
decelerating. The ECM monitors the MAP sensor signal for pressure outside of the normal range.

8.2.3.29.6Conditions for Running the DTC

P0107
1 DTCs P0120, P0121, P0122, P0123, PE2Z2A21, P0222, P0223 or PO641 are not set
1  The engine speed is between 4®)500 RPM.
1  The throttle position is greater than or equal to 0% when the engine speed is less than or equal to 1,000 RPM
or
1  The throttle position is greater than or equal to 12.5% wilee engine speed is greater than 1,000 RPM.
1 This DTC runs continuously when the above conditions are met.
P0108
1  The engine has been running for a length of time that is determined by the startup coolant temperature. The
length of time ranges from 5.5 G O2f RSNJ iK'y bonc/ O6bHHcCcCO (G2 wmn a I
1 DTCs P0120, P0121, P0122, P0123, P0220, P0221, P0222, P0223 or P0641 are not set
1  The throttle position is less than or equal to 1% when the engine speed is less than or equal to 1,200 RPM
or
1  The throttle position is less than or equal to 20% when the engine speed is greater than 1,200 RPM.
1  This DTC runs continuously when the above conditions are met.
8.2.3.29.7Conditions for Setting the DTC

P0107
The ECM detects that the MAP sensor voltage stlesn 0.05 V for greater than 5 s.

P0108
The ECM detects that the MAP sensor voltage is more than 4.9 V for greater than 5 s.

8.2.3.29.8Action Taken When the DTC Sets

DTCs P0107 and P0108 are Type B DTCs.
8.2.3.29.9Conditions for Clearing the DTC

DTCs P0107 and P0108 &gpe B DTCs.
8.2.3.29.10. Reference Information

Schematic Reference
Engine Controls Schematics
Connector End View Reference
Component Connector End Views
Electrical Information Reference
1  Circuit Testing
1  Connector Repairs
1  Testing for Intermittent Conditions and Poorr®ections
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1  Wiring Repairs
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control Module Referencder scan tool information
Special Tools
GE23738A Vacuum Pump

8.2.3.29.11. Circuit/System Verification

1. Ignition ON.
2. Verify that DTC P0641, P0651, P0697, or PO6A3 is not set.
t If any of the DTCs are set
Refer toDTC P0641, P0651, P0697, or PGeAfurther diagnosis.
p If none of the DTCs are set
3. Engine idling, verify the scan tool MAP voltage parameteetiween 0.3 and 4.8 V and changes with accelerator
pedal input.
t If not between 0.3 and 4.8 V or does not change
Refer to Circuit/System Testing.
p If between 0.3 and 4.8 V and changes
4. Operate the vehicle within the Conditions for Running the DTC.m@&yualso operate the vehicle within the
conditions that you observed in the Freeze Frame/Failure Records data.
5. Verify the DTC does not set.
t If the DTC sets
Refer to Circuit/System Testing.
p If the DTC does not set
6. All OK.

8.2.3.29.12. Circuit/System Testing

1. Ignition OFF, and all vehicle systems OFF, it may take up to 2 min. for all vehicle systems to power down.
Disconnect the harness connector at the B74 Manifold Absolute Pressure sensor.

VANDERHALL

HO ¢Said F2NJ £Saa GKIEY H m o0BReadd®und 6 KS 25 NBETSNBYyOS OAND

t If 2mor greater
2.1. Ignition OFF, disconnect the K20 Engine Control Module.
HOPHD ¢Sad FT2NJ£Saa Ky H m Ay GKS t2g NBEFTSNByYy
t If 2mor greater, repair the open/high resistance in the circuit.
t If less than 2w, replace the K20 Engine Control Module.
pLT tSaa 0GKFYy H m
3. Ignition ON.
4. Test for 4.85.2 V between the 5 V reference circuit terminal 1 and ground.
t Iflessthan 4.8V
4.1. Ignition OFF, disconnect the K20 Engine Control Module.
4.2. Test for infiniteesistance between the 5 V reference circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance
ndod ¢Sad FT2NIfSaa GKFYy W m Ay GKS p = N
t If 2mor greater, rep& the open/high resistance in the circuit.
t If less than 2, replace the K20 Engine Control Module.

S
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Note:
If the signal circuit is shorted to a voltage the engine control module or the sensor may be dan

t If greater than 5.2V
4.1. IgnitionOFF, disconnect the K20 Engine Control Module.
4.2. Ignition ON, test for less than 1 V between the 5 V reference circuit and ground.
t If 1V or greater, repair the short to voltage on the circuit.
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t Ifless than 1V, replace the K20 Engine Control Module
p If between 4.85.2 V
5. Ignition ON, verify the scan tool MAP Sensor parameter is less than 0.5 V.
t 1f 0.5V or greater
5.1. Ignition OFF, disconnect the K20 Engine Control Module.
t If 1V or greater, repair the short to voltage on the circuit.
t Ifless than 1V, replace the K20 Engine Control Module.
p If less than 0.5V
6. Ignition OFF, install a 3 A fused jumper wire between the signal circuit terminal 3 and the 5 V reference circuit
terminal 1.
7. Ignition ON, verify the scan tool MAP voltggeameter is greater than 4.5 V.
t If4.5Vorless
7.1. Ignition OFF, disconnect the K20 Engine Control Module.
7.2. Remove the jumper wire, test for infinite resistance between the signal circuit terminal 3 and ground.
t If less than infinite resistancegpair the short to ground on the circuit.
p If infinite resistance

ThPod ¢Sald F2N)£S&aa GKIEY W m Ay GKS aadayrt OANDdAG Sy
t LT v m 2N IANBFGSNE NBLI AN GKS 2Ly 2N KAIK NBaA
t LT £834a GKFEY W mX NBL#HuE.OS GKS Yuwn 9y3IAYS [/ 2y iNEP

p If greater than 4.5V
8. Test or replace the B74 Manifold Absolute Pressure sensor.

8.2.3.29.13. Component Testing

Note:
You must perform the Circuit/System Testing in order to Check the integrity of the MAP g
circuits before proceeding witthe Component Testing.

Skewed Sensor Test

1. Ignition OFF, remove the B74 Manifold Absolute Pressure sensor from the engine. Connect the harness to the
sensor, ifdisconnected.
2. Ignition ON, apply 17 kPa (5.0 inHg) of vacuum to the B74 Manifold AbsaaseiRer sensor, with the GEB738A
Vacuum Pump. Verify the scan tool MAP pressure parameter decreases between 13 and 21 kPa (1.8 and 3.0 PSI).
t If the parameter does not decrease between 13 and 21 kPa (1.8 and 3.0 PSI).

Replace the B74 Manifold AbsollReessure sensor.
p If the parameter does decrease between 13 and 21 kPa (1.8 and 3.0 PSI).
3. Apply 34 kPa (10.0 inHg) of vacuum to the B74 Manifold Absolute Pressure sensor, with the GE23738A
Vacuum Pump . Verify the scan tool MAP pressure parameter aeesebetween 30 and 38 kPa (4.4 and 5.5 PSI).
t If the parameter does not decrease between 30 and 38 kPa (4.4 and 5.5 PSI).

Replace the B74 Manifold Absolute Pressure sensor.
p If the parameter does decrease between 30 and 38 kPa (4.4 and 5.5 PSI).
4. AlIOK.

Erratic Signal Test

1. Ignition OFF, remove the B74 Manifold Absolute Pressure sensor and disconnect the harness.
. Install a 3 A fused jumper wire between the 5 V reference circuit terminal 1 of the sensor and the sensor harness.
. Install a jumpewire between the low reference circuit terminal 2 of the sensor and ground.
. Install a jumper wire to the signal circuit terminal 3 of the sensor.
. Connect a DMM between the jumper wire and ground.
. Ignition ON, observe the DC voltage on the DMBWwISl apply between 0 and 15kPa of vacuum to the sensor with
the GE23738A Vacuum Pump. Verify the voltage changes, without any spikes or dropouts, between 0.2 and 4.9 V.
t If not between 0.2 and 4.9 V or has spikes or dropouts
Replace the B74 Manifold Addste Pressure sensor.
p If between 0.2 and 4.9 V and there are no spikes or dropouts
7. All OK.

OO wWN

8.2.3.29.14. Repair Instructions
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Perform theDiagnostic Repair Verificati@after completing the diagnostic procedure.
1 Manifold Absolute Pressure Sensor Replacement
1 Contrd Module Referencefor Engine Control Module replacement, programming and setup
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8.2.3.30. DTC P0112, PO113, or PO114
8.2.3.30.1Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.30.2DTC Descriptors

DTC P0O112

Intake Air Temperature (IAT) Sensor Circuit Low Voltage
DTC P0113

Intake Air Temperature (IAT) Sen&ircuit High Voltage
DTC P0114

Intake Air Temperature (IAT) Sensor Circuit Intermittent

8.2.3.30.3Diagnostic Fault Information

IAT Sensor 1
Circuit Short to Ground Open/High Short to Signal
Resistance Voltage Performance
Sensor P0112, P0114, | P0113, P0114, P0113%, P0O111**,
P2199** P2199** P0114, P0114
P2199**
Low Reference - P0O097, PO113, * -
POOF4**,
pP2227,
P2229
*Internal ECM or sensor damage may occur if the circuit is shorted to B+.
*Where used.
8.2.3.30.4Typical Scan Tool Data
IAT Sensor 1
Circuit Short to Ground Open/High Short to
Resistance Voltage

Operating ConditionsEngine Running

Parameter Normal Rangé&/aries with ambient temperature

Signal 150°C (302°F) | bnnc/ oO6H{bnnc/ &H

Low Reference - bnnc/ oHbnnc/ B

*Internal ECM or sensatamage may occur if the circuit is shorted to B+.

8.2.3.30.5Circuit/System Description

The sensors listed below are integrated within the multifunction intake air sensor:
IAT sensor 1

IAT sensor 2

Humidity sensor

MAF sensor

BARO pressure sensor

= =4 =4 =8 =4

The intake aitemperature (IAT) sensor 1 is a variable resistor that changes the voltage on the engine control module (ECM)
supplied 5 V signal circuit. The signal varies with inlet air temperature in the sensor bore and is displayed by thé as&Ctoo

(°F).

190

REVISION1.0
RELEASE DAJE&6/2017



VeniceService Manual

Engine / Propulsion

VANDERHALL

The IA sensor 1 produces an analog signal or8paf the sensor. The IAT sensor 2 produces a frequency modulated signal on

pin-1 of the sensor.

The sensors listed below share an ECM supplied 5 V reference circuit:

1 IAT sensor 2
1  Humidity sensor
1 BARO pressure ssor

The sensors listed below share an ECM supplied low reference circuit:

1 AT sensor 1

1 IAT sensor 2

1  Humidity sensor

1 Barometric pressure (BARO) sensor

IAT Sensor 1 Signal Voltage

IAT Sensor 2 IAT Sensor 1 Resistance
Cold High High
Warm Low Low

8.2.3.30.6Conditions for Running the DTCs

P0112, P0113, and P0114

1  The ignition is ON, or the engine is running.
1  The DTCs run continuously when the above conditions are met.

8.2.3.30.7Conditions for Setting the DTCs
P0112

P0113

The ECM detects that the IAT sensor signal is warhzar 149°C (300°F) for at least 5 s.

Note:

¢tKS ally (22f RAALI I @

NI y3IS A&

¢tKS 9/a RSGiSOGa GKIFG GKS

P0114

L!

¢

aSyaz2N) aAr3ayl

The ECM detects that the IAT sensignal is intermittent or has abruptly changed for at least 5 s.

8.2.3.30.8Action Taken When the DTCs Set

1 DTCs P0112, P0113, and P0114 are Type B DTCs.
1 The ECM commands the cooling fans ON.

8.2.3.30.9Conditions for Clearing the DTCs

DTCs P0112, P0113, and P0114 are Type(B.D

8.2.3.30.10. Diagnostic Aids

With the ignition ON, when the engine is cold and not running, a properly functioning IAT sensor 1 will gradually

increase the scan tool IAT Sensor 1 parameter. This is due to the heat that is generated by the multifunction intake air

sensor internal heating elements.
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8.2.3.30.11. Reference Information

Schematic Reference
Engine Controls Schematics
Connector End View Reference
Component Connector End Views
Electrical Information Reference
1  Circuit Testing
1 Connector Repairs
1  Testing for IntermittenConditions and Poor Connections
1  Wiring Repairs
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control Module References for scan tool information

8.2.3.30.12. Circuit/System Verification

1. Ignition ON.
2. Verify thatDTC DTC P0641, P0651, P0697, or PO6A3 is not set.
t If any of the DTCs are set
Refer to DTC P0641, P0651, P0697, or PO6A3 for further diagnosis.
p If none of the DTCs are set

Note:
To minimize the effects of residual engine heat and sensor intéreting elements, perform Step
3 and 4 of this verification procedure only if the ignition has been OFF for 8 hours or more.

3. Ignition ON.
4. Verify the following scan tool parameters are within 25°C (45°F) of each other.
1 StartUp IAT Sensor 1
1 IAT Sesor 2
T L!¢ {Sya2z2N) o*x ¢KSNB Sljdz LILISR
t If not within 25°C (45F)
Refer to Circuit/System Testing.
p If within 25°C (45°F)
p® 9y 3IAYS ARtAYyI:Z GSNATFE G(GKS F2tt2Ay3 alOly G22t LI NI YSH
1 IAT Sensor 1
1 IAT Sensor 2
T IAT{ Sya2NJ o* 6KSNB Sl dzi LILISR
t If not between:£38 and +149C £36 and +306€F)
Refer to Circuit System Testing.
pLT 0SGsSSyY Loy YR bmMngc/ 6boc YR bonncCoO
6. Operate the vehicle within the conditions for running the DTC. You may also operate the veltiate that
conditions that you
observed from the freeze frame/failure records data.
7. Verify the DTC does not set.
t If the DTC does set
Refer to Circuit/System Testing.
p If the DTC does not set
8. AllOK
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8.2.3.30.13. Circuit/System Testing

Note:
You must perform th€ircuit/System Verification before proceeding with Circuit/System Testing

1. Ignition OFF, and all vehicle systems OFF, it may take up to 2 min. for all vehicle systems to power down.
Disconnect the harness connector at the B75C Multifunction Intaksefisor.
H® ¢Sad F2NJ £Saa GKIYy H m 0SG6SSy (GKS 26 NBFSNBYyOS OAND
t If 2mor greater
2.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
HPHD ¢Sad T2N) fSaa GKleAdteensa Ay (GKS f26 NBFSNByOS OAN
t If 2mor greater, repair the open or high resistance in the circuit.
t If less than 2areplace the K20 Engine Control Module.
pLFT t£Saa 0GKFYy H m
3. Ignition ON, test for 4¢5.2 V between signal circuit terminal 8 and ground.
t If less thard.8 V
3.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
3.2. Test for infinite resistance between the signal circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance
odod® ¢Sali F2NIES

448 UKFY w m Ay GKS ardaylrt OANDdAG Sy
t LT H om 2N IANBFEGSNE NBLI AN GKS 2LSYykKAIK NBaradl
t LT £834a GKFEY W mX NBLXFOS GKS Yuwn 9y3IAYS /2y iNER

t If greater than 5.2V

Note:
If the signal circuits shorted to a voltage the engine control module or the sensor may be dama

3.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
3.2. Ignition ON, test for less than 1 V between the signal circuit and ground.
t If 1V or greater, repair the short to voltage on the circuit.
t If less than 1V, replace the K20 Engine Control Module.
p If between 4.85.2 V
nd® LAYAGA2Y hbX @GSNATe (GKS aodly G22ft L!¢ {Syaz2NJm LI NIYS
+ LT 6+ NXYSN) B¥)LY boc/ Obo
4.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
4.2. Test for infinite resistance between the signal circuit terminal 8 and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance

ndod ¢Sad FT2NIfSaa (GKIy w m Ay (GKS araaylf OANDdzAG Sy
t LT v om 2N INBFEGSNE NBLIF AN GKS 2LSykKAIK NBaraadl
t LT £8484a GKIEY W mZ NBLXLFOS GKS Yun 9y3IAYS [ 2y iNER

pLFT O2ft RSNJ (K'Y bLodc/ O6boycCOD
5. Ignition OFF, install a 3 A fused jumper wire between the signal circuit terminal 8 and the low reference circuit
terminal 7.
6. Verify the scan tool IAT Sensor 1 parameter is warmer than 148°C (298°F).
t If colder than 148°C (298°F).
6.1. Ignition OFF, reove the jumper wire, disconnect the harness connector at the K20 Engine Control
Module, ignition ON.
6.2. Test for less than 1 V between the signal circuit and ground.
t If 1V or greater, repair the short to voltage on the circuit.
p Ifless than 1V
6.3. Ignition OFF.

chdbnd ¢Sad F2NI £Saa GKFY W m Ay GKS aixayrt OANDdAG Sy
t LT #H m 2NJ ANBFGSNE NBLI AN GKS 2LISYykKAIK NBaraidl
+ LT £8aa GKFYy W m3X NBLIIFOS G4KS Yun 9y3IAYyS [ 2y GNP

p If warmer than 148°C (298°F).
7. Test or replacthe B75C Multifunction Intake Air sensor.
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8.2.3.30.14. Component Testing

Multifunction Intake Air Sensor
1. Ignition OFF, disconnect the harness connector at the B75C Multifunction Intake Air sensor.

Note:
A thermometer can be used to test the sensor off tedhicle.

2. Test the IAT sensor 1 by varying the sensor temperature while monitoring the sensor resistance. Compare the
readings with theTemperature Versus Resistance Intake Air Temperature Sensor fabBosch Sensors. The
resistance values shouletinrange of the table values.
t If not within the specified range.

Replace the B75C Multifunction Intake Air sensor.

p If within the specified range.
3. AllOK

8.2.3.30.15. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.
1 Mass Airflow Sensor Replacemdot multifunction intake air sensor replacement
1  Control Module Referencder Engine Control Module replacement, programming, and setup.
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8.2.3.31. DTC P0116
8.2.3.31.1Diagnostic Instructions
o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.31.2DTC Descriptor

DTC P0O116
Engine Coolant Temperature (ECT)sBe Performance

8.2.3.31.3Diagnostic Fault Information

Circuit Short to Ground Open/High Short to Signal
Resistance Voltage Performance
Signal Circuit P0O117 P0118 P0O118* P0116, PO119,
P0128
Low Reference P0118 P0119, P0128
*Internal ECM or sensor damage magcur if the circuit is shorted to B+.

8.2.3.31.4Typical Scan Tool Data

ECT Sensor
Circuit Short to Ground Open Short to
Voltage

Operating ConditionsEngine Running
Parameter NormalRang&s o 2 mndc/ O0boy (2 onncCu
ECT Sensor 150°C (302°F) [ bnnc/ o6Hbnnc/ OH
Low Reference - bnnc/ 0] -
*Internal ECM or sensor damage may occur if the circuit is shorted to B+.

8.2.3.31.5Circuit/System Description

The engine coolant temperature (ECT) sensor is a variable resistor that measures the temperaturergitiee
coolant. The engine control module (ECM) supplies 5 V to the ECT sensor signal circuit and a ground for the low
reference circuit.

The purpose of this diagnostic is to determine if the input from the ECT sensor is skewed warmer than normal. The
internal clock of the ECM will record the amount of time the engine is OFF. If the required engine OFF time is met at
startup, the ECM will compare the temperature difference between the actual measured ECT and IAT sensors.

8.2.3.31.6Conditions for Running the DTC

1 DTG PO0111, P0112, P0113, P0114, P0117, P0118, P0128, P0502, P0503, P0601, P1621, or P2610 are not set.

1  The vehicle has had a minimum ignition OFF time of 8 hours.

1  The Ignition is ON.

1 The startup

T L!'¢ A& gFN¥YSNIGKFIY bTc / 6bmMdpc CO D

1 Fuel level is greater than2%

1  This DTC runs once per ignition cycle when the above conditions are met..
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8.2.3.31.7Conditions for Setting the DTC

1 The ECM detects a temperature difference at powprthat indicates that the ECT sensor is 30° C (86° F) warmer
than the IAT sensor.

OR

1 The ECM detects a temperature difference at powprthat indicates that the ECT sensor is 20° C (68° F) warmer
than the IAT sensor, and NO engine block heater was detected.

OR

1 The ECM detects a temperature difference at powprthat indicates that the €T sensor is 20° C (68° F) warmer

than the IAT sensor, the engine cranked for greater than 10 s without starting and NO engine block heater was
detected.

8.2.3.31.8Action Taken When the DTC Sets
DTC P0116is a Type B DTC.

8.2.3.31.9Conditions for Clearing the DTC
DTC P011B a Type B DTC.

8.2.3.31.10. Diagnostic Aids

Inspect the ECT sensor terminals for corrosion.

A slight to moderate resistance in the IAT sensor signal circuit or low reference circuit will increase the range between
these two sensors. This condition results in a geeabltage on the IAT sensor signal circuit, which is interpreted by
the ECM as a colder IAT.

If the condition is intermittent, allow the vehicle to sit for greater then 8 hours with the Vehicle OFF and the
propulsion system inactive, may help isolate ttendition. Compare the scan tool Radiator Coolant Temperature
Sensor and ECT Sensor temperature sensor values at vehicle ON. The Radiator Coolant Temperature Sensor and the
ECT Sensor values should display within 3°C (5°F).

8.2.3.31.11. Reference Information

Schematt Reference
Engine Controls Schematics
Connector End View Reference
Component Connector End Views
Description and Operation
Cooling System Description and Operation
Electrical Information Reference
o Circuit Testing
o Connector Repairs
0 Testing for IntermittentConditions and Poor Connections
0  Wiring Repairs
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control Module Referencder scan tool information
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8.2.3.31.12. Circuit/System Verification

1. Ignition ON.
2. Verify tle scan tool ECT Sensor parameter is warmer ##0f C ¢40° F) and colder than 150° C (302° F) and
changes with engine run time.
t If colder thang39° C¢38° F) or warmer than 149° C (300° F) or does not change
Refer to Circuit/System Testing.
p If warmer thanc40° C ¢40°F) and colder than 150° C (302° F) and changes
3. Operate the vehicle within the Conditions for Running the DTC. You may also operate the vehicle within the
conditions that yowbserved from the Freeze Frame/Failure Records.data
4. Verify the DTC does not set.
t If the DTC sets
Refer to Circuit/System Testing.
p If the DTC does not set
5. All OK.

8.2.3.31.13. Circuit/System Testing

1. Ignition OFF and all vehicle systems OFF, disconnect the B34A Engine Coolant Temperature sensor harness
connector at thesensor. It may take up to 2 minutes for all vehicle systems to power down.
HO ¢Sad F2NJfSaa GKIFEIY p m 0SGsSSy GKS t2¢ NBETSNByOS OAND
t LT p m 2N INBFGESN

2.1. Ignition OFF, disconnect the harness connectdnak20 Engine Control Module.

HOHD ¢Sald T2NIfSaa GKFYy H m Ay (GKS f26 NBFSNByOS OAN
t LT v m 2NJ IANBFGSNE NBLI ANJ GKS 21LI8ykKAIK NBaradl
t LT £834a GKFY W mX NBLXFOS GKS Yuwn 9y3IAYS [/ 2y iNER
pLT tS8aa (KLY p m

3. Igniticn ON.
ned +SNAFe (GKS &a0ly G22ft 9/¢ {Sya2NJ LI NI YSGESNI Aa
t+ LT 6FNXYSN) GKFY bode / oO0boyc CO
4.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
4.2. Test for infinite resistance between the sigriedudt terminal B or 1 and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
t If infinite resistance, replace the K20 Engine Control Module.
p If colder than 39° C (38° F)
5. Install a 3 A fused jumper wire between tignal circuit terminal B or 1 and the low reference circuit terminal A or
2.
6. Verify the scan tool ECT sensor parameter is warmer than 149° C (300° F).
t If 149° C (300° F) or colder
6.1. Ignition OFF, remove the jumper wire, disconnect the harnessector at the K20 Engine Control
Module, ignition ON.
6.2. Test for less than 1 V between the signal circuit and ground.
t If 1V or greater, repair the short to voltage on the circuit.
plflessthan 1V
6.3. Ignition OFF.
cond ¢Saild T2mIsigndlEiduiténdtognds m Ay
t If 2mor greater, repair the open/high resistance in the circuit.
t If less than 2, replace the K20 Engine Control Module.
p If warmer than 149° C (300° F)
7. Replace the B34A Engine Coolant Temperature Sensor.

O
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8.2.3.31.14. Component Testing

1. Ignition OFF, disconnect the harness connector at the B34 Engine Coolant Temperature Sensor.
2. Test the ECT sensor by varying the sensor temperature while monitoring the sensor resistance. Compare the
readings with theTemperature Vesus Resistance tahl&he resistance values should be in range of the table values.
t If not within the specified range
+ Replace the B34 Engine Coolant Temperature Sensor.
p If within the specified range
3. Test for infinite resistance between each teraliand the sensor housing.
t If less than infinite resistance
Replace the B34 Engine Coolant Temperature Sensor.
p If infinite resistance
4. All OK.

8.2.3.31.15. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the diagnostic procedure.
1 Engine Coolant Temperature Sensor Replacement
1  Control Module Referencder ECM replacement, setup, and programming
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8.2.3.32. DTC P0117, PO118, or PO119
8.2.3.32.1Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.32.2DTC Descriptors

DTC P0O117

Engine Coolant Temperature (ECT) Sensor Circuit Low Voltage
DTC P0118

Engine Coolant Temperature (ECT) Sensor Circuit High Voltage
DTC P0119

Engine Coolant Temperature (ECT) Sensor Circuit Intermittent

8.2.3.32.3Diagnostic Fault Information

Circuit Short to Ground | Open/High Short to Signal
Resistance Voltage Performance
Sensor P0O117 P0118, PO119| P0118*P0119 P0O116,
P0128
Low Reference P0118, P0119 - P0128
*ECM or sensor damage may occur if the circuit is shorted to B+.

8.2.3.32.4Typical Scan Tool Data

ECT Sensor
Circuit Short to Ground Open Short to
Voltage

Operating Condition€Engine Running
t F NI YSGSNI b2NYIf wly3aSY bLodg (2 wmndpc/ 6b
ECT Sensor 150°C (302°F) | bnnc/ oO| bnnc/ O
Low Reference - bnnc/ o -
*Internal ECM or sensor damage may occur if the circuit is shorted to B+.

8.2.3.32.5Circuit/SystemDescription

The engine coolant temperature (ECT) sensor is a variable resistor that measures the temperature of the engine coolant. The
engine control module (ECM) supplies 5 V to the ECT sensor signal circuit and a ground for the low reference isircuit. Th
diagnostic checks for an open, short to ground or an intermittent circuit condition between the ECM and ECT sensor.

8.2.3.32.6Conditions for Running the DTC

PO117
1  The ignition is ON.
OR
1  The engine is running.
1  This DTC runs continuously within the enabling caoilét
P0118
1  The ignition is ON.
OR
1  The engine is running for greater than 15 s.
OR
1 The engine run time is less than 15 s when the IAT is warmer#f&h (19°F).
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This DTC runs continuously within the enabling conditions.

No active DTCs set.
Theignition is ON.
This DTC runs continuously within the enabling conditions.

8.2.3.32.7Conditions for Setting the DTC

PO117

The ECM detects that the ECT is warmer than 149°C (300°F) for greater than 5 s.

P0118

¢tKS 9/a RSGSOGa GKI G (KSforgeaterthada50D2t RSNJ G KI'y bLodgc/ ob

P0119

The ECM detects that the ECT is intermittent or has abruptly changed for greater than 3 seconds.

8.2.3.32.8Action Taken When the DTC Sets

= =4 =4 =4

DTC P0117, P0O118 or P0119 are a Type B DTC.
The cooling fans will be commanded ON.

The Engine Coaht Temperature Gauge is inoperative.
The AC compressor will be commanded OFF.

8.2.3.32.9Conditions for Clearing the DTC

DTC P0117, P0118 or P0119 are a Type B DTC.

8.2.3.32.10. Reference Information

Schematic Reference
Engine Controls Schematics
Connector End View Reference
Component Connector End Views
Description and Operation
Cooling System Description and Operation
Electrical Information Reference
1 Circuit Testing
1  Connector Repairs
9  Testing for Intermittent Conditions and Poor Connections
1  Wiring Repairs
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control Module Referencder scan tool information

8.2.3.32.11. Circuit/System Verification

1. Ignition ON.
2. Verify the scan tool ECT Sensor parameter is warmer ¢iah C ¢40° F) anccolder than 150° C (302° F) and
changes with engine run time.
t If colder than¢39° C ¢38° F) or warmer than 149C (300 F) or does not change
Refer to Circuit/System Testing.
p If warmer thanc40° C ¢40°F) and colder than 150° C (302° F) and changes
3. Operate the vehicle within the Conditions for Running the DTC. You may also operate the vehicle within the
conditions that you observed from the Freeze Frame/Failure Records data.
4. Verify the DTC does not set.
t Ifthe DTC sets
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Refer to Circuit/Systemesting.
p If the DTC does not set
5. All OK.
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8.2.3.32.12. Circuit/System Testing

1. Ignition OFF and all vehicle systems OFF, disconnect the B34 Engine Coolant Temperature sensor harness connector at the
sensor. It may take up to 2 minutes for all vehicle system®togp down.
Hd ¢Said FT2NI tSaa Ky p m 0S06SSy G(GKS 26 NBFSNBYyOS OANDdz
t If 5mor greater
2.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
HOHd ¢Sad TFT2NJ f Saa dreultehdtaenss Ay (GKS f24 NBTFTSN
t If 2mor greater, repair the open/high resistance in the circuit.
t If less than 2, replace the K20 Engine Control Module.
pLT fSaa GKFIYy p m
3. Ignition ON.
nd +SNAFe G(GKS aoOly G222t 9/ ¢ {Fyaz2Nl LI NI YSGESNI Aa O2t RSNJ (iKIy
t If warmer thanb39° C £38° F)
4.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
4.2. Test for infinite resistance between the signal circuit terminal B or 1 and ground.
t If less than infinite resistance, repalre short to ground on the circuit.
t If infinite resistance, replace the K20 Engine Control Module.
p If colder than 39° C (38° F)
5. Install a 3 A fused jumper wire between the signal circuit terminal B or 1 and the low reference circuit terminal A or 2.
6. Verify the scan tool ECT sensor parameter is warmer than 149° C (300° F).
t If 149 C (300F) or colder
6.1. Ignition OFF, remove the jumper wire, disconnect the harness connector at the K20 Engine Control Module,
ignition ON.
6.2. Test for less than\1 between the signal circuit and ground.
+ If 1V or greater, repair the short to voltage on the circuit.
plflessthan 1V
6.3. Ignition OFF.
chdnd ¢Sad F2NI £Saa KLY W m Ay (GKS araaylf OANDdAG SyR G2
t If 2mor greater, repair the open/high resistae in the circuit.
t If less than 2, replace the K20 Engine Control Module.
p If warmer than 149° C (300° F)
7. Test or replace the B34 Engine Coolant Temperature Sensor.

&
<,
O«
u»
(@
S

8.2.3.32.13. Component Testing

1. Ignition OFF, disconnect the harness connector at theEBg#he Coolant Temperature Sensor.
2. Test the ECT sensor by varying the sensor temperature while monitoring the sensor resistance. Compare the
readings with the Temperature Versus Resistance table. The resistance values should be in range of thaedable val
t If not within the specified range
Replace the B34 Engine Coolant Temperature Sensor.
p If within the specified range
3. Test for infinite resistance between each terminal and the sensor housing.
t If less than infinite resistance
Replace the B3Engine Coolant Temperature Sensor.
p If infinite resistance
4. All OK.

8.2.3.32.14. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.
1  Engine Coolant Temperature Sensor Replacement
1  Engine Control Module Replacemaarigine contol module replacement, programming, and setup
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8.2.3.33. DTC P012P0123, P0222, P0223, or P2135
8.2.3.33.1Diagnostic Instructions

o Perform the Diagnostic System Check Velpdir to using this diagnostic procedure.
o0 ReviewStrategy Based Diagno$is an overview of the idgnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.33.2DTC Descriptors

DTC P0121

Throttle Position Sensor 1 Performance
DTC P0122

Throttle Position Sensor 1 Circuit Low Voltage
DTC P0123

Throttle PositiorSensor 1 Circuit High Voltage
DTC P0222

Throttle Position Sensor 2 Circuit Low Voltage
DTC P0223

Throttle Position Sensor 2 Circuit High Voltage
DTC P2135

Throttle Position Sensors2.Not Plausible

8.2.3.33.3Diagnostic Fault Information

Circuit Short to Ground High Open Short to Signal
Resistance Voltage Performance
5V Reference PO6A3 P2135 P0122, P0222| PO6A3, P2135 P0068,
P0121
Throttle Position Sensor 1 Signal P0O122 P2135 P0122 P0123
Throttle Position Sensor 2 Signal PO22 P2135 P0223 P0223
Low Reference - P2135 P0123, P0223 -

8.2.3.33.4Typical Scan Tool Data

Throttle Position Sensor 1
Circuit Short to Ground Open Short to
Voltage

Operating Conditions: Engine running at various operating conditions
Normal Range: 4.7B.35 V

5V Reference oV oV 5V
Throttle Position Sensor 1 Signal oV oV 5V
Low Reference - 45V -

Throttle Position Sensor 2
Circuit Short to Ground Open Short to
Voltage

Operating Conditions: Engine running at various operating conditions
Normal Range: 4.79.35 V

5V Reference oV oV 5V
Throttle Position Sensor 1 Signal oV 5V 5V
Low Reference - 5V -
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8.2.3.33.5Circuit/System Description

The throttle body assembly contains 2 throttle position sensors. The throttle position sensors are mounted to the
throttle body assembly and are nserviceable. The throttle position sensors provide a signal voltage that changes
relative to throttle blade angle. The engine control module (ECM) supplies the throttle position sensors with a
common 5 V reference circuit, a common low reference circai, &vo independent signal circuits.

The throttle position sensors have opposite functionality. throttle position sensor 1 signal voltage decreases and
throttle position sensor 2 signal voltage increases as the accelerator pedal increases to wide ofitn(iN®@T).

8.2.3.33.6Conditions for Running the DTC

P0122, P0123, P0222, and P0223
1 DTC PO0O6A3 is not set.
1  The run/crank or powertrain relay voltage is greater than 6 V and reduced power is not active.
1  The ignition is ON or the engine is operating.
1 DTC P0122, P0O1230222, P0223 run continuously when the above conditions are met.

1  No Active or Pending DTCs.

1 The engine speed is between 470000 RPM.

f ¢KS Sy3aaysS 022ftlyid GSYLISNI (d288BF).09/ ¢0 Aa o0SioSSy b
§  The intake air temperature (IAT) ishetdl’ bHn (2 bmMHpc/ O0bn (G2 bBHpPpTCCULD
1 DTC P0121 runs continuously when the above conditions are met.

1 DTC P0122, P0123, P0222, P0223, or PO6A3 is not set.

1  The run/crank or powertrain relay voltage is greater than 6 V and reduced power is not active.
1  The igition is ON or the engine is operating.

1 DTC P2135 runs continuously when the above conditions are met.

8.2.3.33.7Conditions for Setting the DTC

ror The ECM detects the throttle position sensor is stuck within range for greater than 1 s.

Porez The ECM detects thérottle position sensor 1 voltage is less than 0.325 V for greater than 1 s.

ros The ECM detects the throttle position sensor 1 voltage is greater than 4.75 V for greater than 1 s.

roe The ECM detects that the throttle position sensor 2 voltagesis fiean 0.25 V for greater than 1 s.

Poees The ECM detects the throttle position sensor 2 voltage is greater than 4.59 V for greater than 1 s.

e The ECM detects the difference between the throttle position sensor 1 and throttle position sensor 2
exceed a predetermined value for greater than 1 s.

8.2.3.33.8Action Taken When the DTC Sets

DTC P0122, P0123, P0222, P0223, and P2135 are Type A DTCs.

DTC P0121 is a Type B DTC.

The ECM commands the TAC system to operate in the Reduced Engine Power mode.
A message center an indicator displays Reduced Engine Power.

Under certain conditions the control module commands the engine OFF.

=A =8 =4 - =9

8.2.3.33.9Conditions for Clearing the MIL/DTC

1 DTCs P0122, P0123, P0222, P0223, and P2135 are Type A DTCs.
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1 DTCPO0121is a Type B DTC.
8.2.3.33.10. DiagnosticAids

1 A high resistance condition on the throttle position and throttle actuator control circuits could cause a DTC to set.
1  If the accelerator pedal is pressed to the wide open throttle position, the throttle blade angle or Throttle Position
angle is limitel to less than 40 percent.

8.2.3.33.11. Reference Information

Schematic Reference
Engine Controls Schematics
Connector End View Reference
Component Connector End Views
Description and Operation
Throttle Actuator Control (TAC) System Description
Electrical InformationReference
1 Circuit Testing
1  Connector Repairs
1  Testing for Intermittent Conditions and Poor Connections
1 Wiring Repairs
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
San Tool Reference
Control Module Referencder scan tool infrmation

8.2.3.33.12. Circuit/System Verification

1. Ignition ON.
2. If you were sent here from DTC P0068, P0101, P0106, or P1101 refer to Circuit/System Testing.
3. Verify that DTC P0641, P0651, P0697, or PO6A3 is not set.
t If any of the DTCs are set
Refer toDTC P0641, P0651, P0697, or PGeAfurther diagnosis.
p If none of the DTCs are set
4. Verify the scan tool Throttle Body Idle Airflow Compensation parameter is less than 90 %.
t 90 % or greater
Refer toThrottle Body Inspection and Cleaning.
p If lessthan 90 %
5. Verify the scan tool Throttle Position Sensor 1 and Throttle Position Sensor 2 voltage parameters are betyveen 1.0
4.0 V and change with accelerator pedal input.
t If not between 1.@4.0 V or does not change
Refer to Circuit/System Testing
p If between 1.¢;4.0 V and changes
6. Verify the scan tool Throttle Position Sensor 1 and 2 Agree/Disagree parameter displays Agree while performing
the Throttle Sweep Test with a scan tool.
t If Disagree
Refer to Circuit/System Testing
p If Agree
7. Deternine the current vehicle testing altitude.
8. Verify the scan tool MAP Sensor pressure parameter is within range specified Aftithée Versus Barometric
Pressure table
t The MAP Sensor pressure is not in range
Refer to DTC P0106.
p The MAP Sensor pregee is within range
9. Engine idling.
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10. Verify the scan tool MAP Sensor pressure parameter is betweeb226Pa (3.87.5 psi) and changes with
accelerator pedal input.
t If not between 2652 kPa (3.87.5 psi) or does not change
Refer toDTC P0106.
p If between 26;52 kPa (3.87.5 psi) and changes
11. Verify the scan tool MAF Sensor g/s parameter changes smoothly and gradually as the engine speed is increased
and decreasewvhile performing the actions listed below.
11.1. Engine idling
11.2. Perform thescan tool snapshot function.
11.3. Increase the engine speed slowly to 3,000 RPM and then back to idle.
11.4. Exit from the scan tool snapshot and review the data.
11.5. Observe the MAF Sensor parameter frame by frame with a scan tool.
t The MAF Sensor pameter does not change smoothly and gradually
Refer to DTC P0101.
p The MAF Sensor parameter changes smoothly and gradually
12. Verify the scan tool Boost Pressure Sensor pressure and BARO parameters are within 3 kPa (0.4 psi).
t The parameters are not whin 3 kPa (0.4 psi)
Refer to DTC P0236.
p The parameters are within 3 kPa (0.4 psi)
13. Verify the scan tool MAP Sensor parameter and the Boost Pressure Sensor parameter are within 20 kPa (2.9 psi)
during a WORcceleration at the time of theqR shift.
t The parameters are not within 20 kPa (2.9 psi)
Refer toDTC P0236.
p The parameters are within 20 kPa (2.9 psi)
14. Operate the vehicle within the Conditions for Running the DTC. You may also operate the vehicle within the
conditions that yowbserved fran the Freeze Frame/Failure Records data.
15. Verify the DTC does not set.
t If the DTC sets
Refer to Circuit/System Testing
p If the DTC does not set
16. All OK

8.2.3.33.13. Circuit/System Testing

Note:
Disconnecting the throttle body harness conneatauses additional DTCs to set.

1. Ignition OFF, and all vehicle systems OFF, disconnect the harness connector at Q38 Throttle Body. It may take up to
2 minutes forall vehicle systems to power down.
Hd ¢Said F2NJfSaa GKIFyY rpuittermoabCGanddgioyindi KS 26 NBFSNByOS Oa
t LT p m 2NJ INBIFGSNI

2.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.

HOHD ¢S&aid T2N £Saa UKy H m Ay (GKS t2¢6 NBFSNByOS OAN
t LT v m 2N INBIFGSNE NBthkcirdur. § KS 21LISykKAIK NBaradl
t LT 8448 GKFEY H mZ NBLXFOS GKS Yun 9y3IAYS [/ 2y iNER
pLT tSaa GKILy p m
3. Ignition ON.
4. Test for 4.85.2 V between the 5 V reference circuit terminal E and ground.
t Iflessthan 4.8V
4.1. Ignition OFF, disconnect the harnesanector at the K20 Engine Control Module.
4.2. Test for infinite resistance between the 5 V reference circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance
ndod ¢Sad Tikthad5V eter@ncdicikcuiyendio end.
t LT v m 2N IANBFGSNE NBLI ANJ GKS 21LI8ykKAIK NBaradl
t LT 83448 GKFEY W mZ NBLXFOS GKS Yun 9y3IAYS [/ 2y iNER

t If greater than 5.2V
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4.1. Ignition OFF, disconnect the harness connector at theeigthe Control Module, ignition ON.
4.2. Test for less than 1 V between the 5 V reference circuit and ground.
t If 1V or greater, repair the short to voltage on the circuit.
t Ifless than 1V, replace the K20 Engine Control Module.
p If between 4.85.2 V
5. Ignition ON.
6. Test for less than 1 V between the throttle position sensor 1 signal circuit terminal D and ground.
t 1f 1.0 V or greater
6.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module, ignition ON.
6.2. Test fordss than 1 V between the signal circuit and ground.
t If 1V or greater, repair the short to voltage on the circuit.
t Ifless than 1V, replace the K20 Engine Control Module.
plf 1.0V orless
7. Install a 3 A fused jumper wire between throttle positeensor 1 signal circuit terminal D and the 5 V reference
circuit terminal E.
8. Verify the scan tool throttle position sensor 1 voltage parameter is greater than 4.8 V.
t If4.8Vorless
8.1. Ignition OFF, disconnect the harness connector at theElighe Control Module.
8.2. Test for infinite resistance between the signal circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance
ydod ¢Sad F2N) £ S84 GKleso v m Ay GKS aAadayrt OANDdAG Sy
t If 2mor greater, repair the open/high resistance in the circuit.
t If less than 2w, replace the K20 Engine Control Module.
p If 4.8 or greater
9. Test for 4.85.2 V between the throttle position sensor 2 signal circuit terminal F and ground.
t Iflessthan 4.8V
9.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
9.2. Test for infinite resistance between the signal circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance
hPod ¢Sad F2NI £Saa GKFIYy W m Ay (GKS araaylrf OANDdzAG Sy
t If 2mor greater, repair the open/high resistance in the circuit.
t If less than 2w, replace the K20 Engine Control Module.
t If greater than 5.2V
9.1. Ignition OFRdisconnect the harness connector at the K20 Engine Control Module, ignition ON.
9.2. Test for less than 1 V between the signal circuit and ground.
t If 1V or greater, repair the short to voltage on the circuit.
t If less than 1V, replace the K20 Endgbuatrol Module.
p If between 4.85.2 V
10. Test or replace the Q38 Throttle Body.

8.2.3.33.14. Repair Instructions

1  Throttle Body Assembly Replacement
1 Control Module Referencder engine control module replacement, programming, and setup

8.2.3.33.15. Repair Verification

1.Install any components that have been removed or replaced during diagnosis.

2. Perform any adjustments, programming or setup procedures that are required when a component is removed or
replaced.

3. Clear the DTCs with a scan tool.

4. Ignition OFF and akkkicle systems OFF. It may take up to 2 minutes for all vehicle systems to power down.

5. Ignition ON.

6. Verify the Throttle Position Sensors 1 and 2 Agree/Disagree parameter displays Agree while performing the
Throttle Sweep Testith a scan tool.
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t If Disagree
Test or replace the Q38 Throttle Body assembly.
p If Agree
7. If the repair was related to a DTC, duplicate the Conditions for Running the DTC and use the Freeze Frame/Failure
Records, ifipplicable, in order to verify the DTC does not set.
t IfDTC sets
Refer toDiagnostic Trouble Code (DTC) List Vefaclturther diagnosis.
p If DTC does not set
8. AllOK
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8.2.3.34. DTC P0128
8.2.3.34.1Diagnostic Instructions
o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.34.2DTC Descriptor

DTC P0128
Engine Coolant Temperature (ECT) Below Thermostat Regulating Temperature

8.2.3.34.3Diagnostic Fault Information

Circuit Short to Ground Open/High Short to Signal

Resistance Voltage Performance
ECT Sensor Signal P0117 P0118 P0118 P0128
Low Reference - P0118 P0118 P0128

8.2.3.34.4Typical Scan Tool Data

ECT Sensor Temperature

Circuit Short toGround Open Short to

Voltage
Parameter NormalRangé&s o0 (12 bmModc/ O6boy (2 bBHyHcC
ECT Sensor 1 Signal 140°C (284°F) | bnnc/ o] bnnc/ o©
Low Reference - bnnc/ 6| bnnc/ )o

8.2.3.34.5Circuit/System Description

Note:
The engine coolartemperature sensor is referred to as B34A Engine Coolant Temperature Se
in schematics and other areas.

The engine control module (ECM) monitors the temperature of the engine coolant for engine control and enabling
criteria for some diagnostics. Tlanount of air flow into an engine is proportional to the amount of heat an engine
generates. The ECM monitors the amount of air flow into the engine to calculate engine coolant temperature (ECT).
The ECM uses the calculated temperature to determine ifehgine has warmed up to the thermostat regulating
temperature. If the ECT does not increase normally or does not reach the thermostat regulating temperature,
diagnostics that use the ECT as enabling criteria, may not run when expected. If the ECTefadlls tbe thermostat
regulating temperature, before a predetermined amount of air flow enters the engine, the DTC sets.

8.2.3.34.6Conditions for Running the DTC

1 DTCs P00B3, PO0B6, P0101, P0102, P0103, PO111, P0112, PO113, P0116, P0117 or P0118 are not set.

1 The engne OFF time is greater than 30 min.

1 The startup

1 9/¢ aSyaz2Nl Aa o&0°wi&SF).bnnc G2 Tnc/ 6

1 Commanded Thermostat Heater duty cycle is less than 20%.

1  Engine run time between 30 s and 30 m.

M  The Ethanol in the fuel is less than 87 %.

1  The vehicle hasaveled greater than 1 kilometer (0.6 miles).

1 The DTC runs once per ignition cycle when the above conditions are met.
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8.2.3.34.7Conditions for Setting the DTC

il

OR

The ECM determines that the modeled ECT has met the calibrated target of 79° C (174 °F) and the measured
ECT is less than 53° C (127° F) and the startup ambient temperature is between 10° and 52° C (50° and 126° F),
for greater than 1 s.

The ECM determines that the modeled ECT has met the calibrated target of 59° C (138 °F) and the measured
ECT is lessam 13° C (55° F) and the startup ambient temperature is betw@érand 10° C (19° and 50° F), for
greater than 1 s.

8.2.3.34.8Action Taken When the DTC Sets

DTC

P0128 is a Type B DTC.

8.2.3.34.9Conditions for Clearing the DTC

DTC

8.2.3.34.10.

= =

8.2.3.34.11.

P0128 is a Type B DTC.
Diagnostic Aids

DTCAP0128 occurring with insufficient vehicle interior heating is an indication of improper thermostat operation.
Corrosion in the ECT sensor terminals or the ECT harness connector results in a greater voltage on the ECT
sensor signal circuit, which is integbed by the ECM as a colder ECT.

A slight to moderate resistance in the ECT sensor signal circuit or low reference circuit will affect this diagnostic.
This condition results in a greater voltage on the ECT sensor signal circuit, which is interpréted Mt as a

colder ECT.

Reference Information

Schematic Reference

Engine Controls Schematics

Connector End View Reference

Component Connector End Views

Description and Operation

Cooling System Description and Operation

Electrical Information Reference
1  Circuit Testing
1  Connector Repairs
1  Testing for Intermittent Conditions and Poor Connections
1  Wiring Repairs
DTC Type Reference

Scan

REVISION1.0

Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Tool Reference
Control Module References fscan tool information
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8.2.3.34.12. Circuit/System Verification

1. Verify the DTC P00B7, P0116, P0117, P0118, P0597, P0598, or P0599 is not set.
t IfaDTCis set

Refer toDiagnostic Trouble Code (DTC) List Vehicle
pIf aDTC is not set
2. Verify the cooling system is filled to the correcblant level. Refer t@€ooling System Draining and Fillang Loss
of Coolant.
t If the coolant level is not correct

Repair as necessary
p If the coolant level is correct
3. Engine running for 15 min with the A/C OFF, increase the engine speed to 300 RP
4. Verify the scan tool ECT Sensor parameter is greater than 79°C (174°F) when commanding the Engine Coolant
Thermostat Heater to 0%.
t If less than 79C (174F)

Replace the Engine Coolant Thermostat.
p If greater than 79°C (174°F)
5. Operate the vehiel within the Conditions for Running the DTC. You may also operate the vehicle within the
conditions that you observed from the Freeze Frame/Failure Records data.
6. Verify the DTC does not set.

t If the DTC sets

Refer to Circuit/System Testing.

p If the DTC does not set
7. All OK.
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Circuit/System Testing

1. Ignition OFF and all vehicle systems OFF, disconnect the B34 Engine Coolant Temperature sensor harness connector
at the sensor. It may take up to 2 minutes for all vehicle systems to powen.dow
Hd ¢Said FT2N £tSaa Ky p m 0SiG6SSy GKS 26 NBFSNByOS OAND
t If 5mor greater
2.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
HOHD ¢Sad FT2NJ fSaa (Klefdteensa Ay GKS 26 NBFSNBYyOS OAN
t If 2mor greater, repair the open/high resistance in the circuit.
t If less than 2, replace the K20 Engine Control Module.
pLT fSaa GKFIYy p m
3. Ignition ON.
nd +SNAFe G(GKS aoOly G22t 9/ ¢ {Sya2z2NJ LI NIIYSGESNI Aa O2t RSNJ
t If warmer thant39° C £38° F)
4.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
4.2. Test for infinite resistance between the signal circuit terminal B or 1 and ground.
t If less than infinite resistance, repair the shtwtground on the circuit.
t If infinite resistance, replace the K20 Engine Control Module.
p If colder than 39° C (38° F)
5. Install a 3 A fused jumper wire between the signal circuit terminal B or 1 and the low reference circuit terminal A or
2.
6. Verify the scan tool ECT sensor parameter is warmer than 139° C (282° F).
t 1f 139° C (282° F) or colder
6.1. Ignition OFF, remove the jumper wire, disconnect the harness connector at the K20 Engine Control
Module, ignition ON.
6.2. Test for less than 1Bétween the signal circuit and ground.
t If 1V or greater, repair the short to voltage on the circuit.
plflessthan 1V
6.3. Ignition OFF.

chdnd ¢Sad F2NI £Saa KLY W m Ay (GKS araaylf OANDdAG Sy
t LT v m 2N IANBIFGSNE NBtikcirdid § KS 218y kKAIK NBaradl
t LT 8448 GKFEY W mX NBLXFOS GKS Yun 9y3IAYS [/ 2y iNER

p If warmer than 139° C (282° F)
7. Test the B34 Engine Coolant Temperature Sensor.
Refer to Component Testing.

Component Testing

1. Ignition OFF, disconnect the harness conneatdhe B34 Engine Coolant Temperature Sensor.
2. Test the ECT sensor by varying the sensor temperature while monitoring the sensor resistance. Compare the
readings with theTemperature Versus Resistance taflbe resistance values should be in rangéeftable values.
t If not within the specified range
Replace the B34 Engine Coolant Temperature Sensor.
p If within the specified range
3. Test for infinite resistance between each terminal and the sensor housing.
t If less than infinite resistance
Replacehe B34 Engine Coolant Temperature Sensor.
p If infinite resistance
4. Refer to Thermostat Diagnosis.

8.2.3.34.15. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.
1  Engine Coolant Temperature Sensor Replacement
1  Engine Coolarithermostat Replacement

1 Control Module Referencder engine control module replacement, programming and setup.
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8.2.3.35. DTC P0131, P0132, P0134, P0137, P0138, or P0140

8.2.3.35.1Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagrsiic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.35.2DTC Descriptors

DTC P0131

HO2S Circuit Low Voltage Sensor 1
DTC P0132

HO2Circuit High Voltage Sensor 1
DTC P0134

HO2S Circuit Insufficient Activity Sensor 1
DTC P0137

HO2S Circuit Low Voltage Sensor 2
DTC P0138

HO2S Circuit High Voltage Sensor 2
DTC P0140

HO2S Circuit Insufficient Activity Sensor 2

8.2.3.35.3Diagnostic Fault Information

HO2S 1 or 2
Circuit Short to Ground | Open/High Short to Signal
Resistance Voltage Performance
P0132, P0134,| P0132, P0134, P0133,
P0138, P0140| P0138, P0140 P1133

HO2S High Signal P0131, P0137

HO2S Low Signal P0131, P0137, | P0132, P0134, P0132, P0134, P0133,
P0171 P0138, P0140| P0138, P0140 P1133
8.2.3.35.4Typical Scan Tool Data
HO2S 1 or 2
Circuit Short to Ground Open Short to
Voltage

Operating ConditionsEngine operating in Closed Loop
Parameter Normal Rang&00¢800 mV

High Signal

omv

1,700;2,100 mV

1,700;2,100 mV

Low Signal

1,700;2,100 mV

1,700;2,100 mV

8.2.3.35.5Circuit/System Description

The heated oxygen sensors (HO2S) are used for fuel control and catalyst monitoring. Each HO2S compares the oxygen
content of the surrounding air with the oxygen contaritthe exhaust stream. When the engine is started, the control
module operates in an open loop mode, ignoring the HO2S signal voltage while calculating the air to fuel ratio. While
the engine runs, the HO2S heats up and begins to generate a voltage avitange of @1 275 mV. Once sufficient

HO2S voltage fluctuation is observed by the control module, closed loop is entered. The control module uses the
HO2S voltage to determine the air to fuel ratio. An HO2S voltage that increases toward 1 000 mVsirdicatduel

mixture. An HO2S voltage that decreases toward 0 mV indicates a lean fuel mixture.

The heating elements inside each HO2S heat the sensor to bring the sensor up to operating conditions faster. This
allows the system to enter closed loop earland the control module to calculate the air to fuel ratio sooner.
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8.2.3.35.6Conditions for Running the DTC

DTC P0131 or PO137

il
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DTCs P0068, P0106, P0107, P0108, PO121, P0122, P0123, P0222, P0223, P0442, P0443, P0446, P0449,
P0451, P0452, P0453, P0454, PO#EBI96, P1101, P1516, P2101, P2119, P2135 and P2176 are not set.
The ignition voltage is between ¢82 V.

The fuel level is greater than 10%.

The mass air flow (MAF) is betweeg62 g/s.

The fuel composition is less than 87% ethanol.

The fuel system is indsed Loop.

The vehicle is not decelerating.

The DTC P0131 runs continuously when the above conditions are met for greater than 3 s.

The DTC P0137 runs continuously when the above conditions are met for greater than 5 s.

DTC P0132 or P0138

il

=A =8 =4 -8 -4 -8 =9

DTCs P0068, P01, P0102, P0103, P0106, P0107, P0108, P0121, P0122, P0123, P0222, P0223, P0442,

P0443, P0446, P0449, P0451, P0452, P0453, P0454, P0455, P0496, P1101, P1516, P2101, P2119, P2135 and
P2176 are not set.

The ignition voltage is between 482 V.

The fuel levels greater than 10%.

The fuel composition is less than 87% ethanol.

The fuel system is in Closed Loop.

Engine run time is greater than 5 s.

The vehicle is not decelerating.

The DTC P0132 and P0138 run continuously when the above conditions are gregter than 3 s.

DTC P0134 or P0140

=

E R

DTCs P0068, P0101, P0102, P0103, P0121, P0122, P0123, P0222, P0223, P1516, P2101, P2119, P2135 and
P2176 are not set.

The ignition voltage is between ¢82 V.

HO2S heater warm up is finished.

Engine run time is great¢han 5 s.

The engine has been operating for greater than 50 s.

The fuel composition is less than 87% ethanol.

8.2.3.35.7Conditions for Setting the DTC

P0131

P0137

The engine control module (ECM) detects that the heated oxygen sensor (HO2S) voltage is less than 20 mV
for greater than 38 s.

The engine control module (ECM) detects that the heated oxygen sensor (HO2S) is shorted to ground for
greater than 38 s.

P0132 or P0138

The ECM detects that the heated oxygen sensor (HO2S) voltage is greater than 1 050 m\efothgirea
10 s.

P0134 or P0140

The ECM detects that the heated oxygen sensor (HO2S) voltage is greater than 1 700 mV for greater than
10 s.

8.2.3.35.8Action Taken When the DTC Sets

DTCs P0131, P0132, P0134, P0137, P0138 and P0140 are Type B DTCs.

8.2.3.35.9Conditions forClearing the DTC
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DTCs P0131, P0132, P0134, P0137, P0138 and P0140 are Type B DTCs.
8.2.3.35.10. Reference Information

Schematic Reference
Engine Controls Schematics
Connector End View Reference
Component Connector End Views
Electrical Information Reference
1 Circuit Teshg
1 Connector Repairs
1  Testing for Intermittent Conditions and Poor Connections
1  Wiring Repairs
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control Module Referencder scan tool information

8.2.3.35.11. Circuit/System Verification

1. Ignition ON
2. Verify no HO2S heater DTCs are set.
t IfaDTCis set
Refer to Diagnostic Trouble Code (DTC) List Vehicle.
p If a DTC is not set
3. Engine warm and running. HO2S Heater Command Sensor 2 greater than 30%.
4. Veify the scan tool HO2S 1 or 2 parameters are betweeyi 50 mV.
t If not between 5@1,050 mV
Refer to Circuit/System Testing.
p If between 5@;1,050 mV
5. Operate the vehicle within the Conditions for Running the DTC. You may also operate the vehiolgheith
conditions that you observed from the Freeze Frame/Failure Records data.
6. Verify the DTC does not set.
t Ifthe DTC sets
Refer to Circuit/System Testing.
p If the DTC does not set
7. All OK.

8.2.3.35.12. Circuit/System Testing

1. Ignition OFF and all vehidgstems OFF, disconnect the appropriate B52 Heated Oxygen Sensor harness connector.
It may take up to 2 minutes for all vehicle systems to power down. Ignition ON.
2. Test for 1.g3.0 V between the high signal circuit terminal 4 and ground.
t Iflessthan 1.7V
2.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
2.2. Test for infinite resistance between the high signal circuit terminal 4 and ground.
t If less than infinite resistance, repair the short to grdwm the circuit.
p If infinite resistance
HPod ¢Sad F2NJ£Saa GKIYy wH m Ay GKS KAIK aradylt OANDdz
t If 2mor greater, repair the open/high resistance in the circuit.
t If less than 2w, replace the K20 Engine Control Module.
t If greater than3 V
2.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module. Ignition ON.
2.2. Test for less than 1 V between the high signal circuit terminal 4 and ground.
t If 1V or greater, repair the short to voltage on the circuit.
t Ifless than 1V, replace the K20 Engine Control Module.
p If between 1.%3.0 V
3. Verify the scan tool HO2S 1 or 2 parameter is betweeg8100v.
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t Iflessthan 1.0V
3.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Modiide @Ni
3.2. Test for infinite resistance between the low signal circuit terminal 3 and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance, replace the K20 Engine Control Module.
p If greater than 1.0 V
4. Connect a 3 A fused jumper wire between the high signal circuit terminal 4 and the low signal circuit terminal 3.

Note:
The low signal circuit is tied to a pulb circuit within the engine control module. A voltage of ©.
1.1 V on the lovsignalcircuit is normal.

5. Verify the scan tool HO2S 1 or 2 parameter displays 0.0 V.

t If greater than 0.0 V
5.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module. Ignition ON.
pdHd ¢S&0 T2N f Saakcirciitehdfoend. m Ay GKS f2¢6 &aA3
t LT v m 2N IANBFGSNE NBLI AN GKS 2L8ykKAIK NBaraidl yoSs
pLT t£S3aa GKIFYy H m
5.3. Test for less than 1 V between the low signal circuit terminal 3 and ground.
+ If 1V or greater, repair the short to voltage on the circui
t If less than 1V, replace the K20 Engine Control Module.

pIfoO.OV

6. Verify none of the conditions listed below exist:

Water intrusion in the B52 HO2S harness connector

Low or high fuel system pressardRefer to Fuel System Diagnosis.

Fuel that izontaminated Refer to Alcohol/Contaminanisi-FuelDiagnosis.

Fuel saturation of the evaporative emission (EVAP) canister

Exhaust leaks

Engine vacuum leaks

t If any of the conditions exist
Repair as necessary.

p If none of the conditions exist

7. Test or eplace the B52 Heated Oxygen Sensor.

= =4 =8 -4 -8 =9

8.2.3.35.13. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the diagnostic procedure.
1 Heated Oxygen Sensor Replacemesensor 1
1 Heated Oxygen Sensor Replacemeséensor 2
1 Perform the scan tool Heed Oxygen Sensor Resistance Learn Reset after replacing an HO2S.
1 Control Module Referencder ECM replacement, programming and setup
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8.2.3.36.1Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.

0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.

o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.36.2DTC Desgqutors

DTC P0133

HO2S Slow Response Sensor 1

DTC PO13A

HO2S Slow Response Rich to Lean Sensor 2

DTC P013B

HO2S Slow Response Lean to Rich Sensor 2

DTC PO13E

HO2S Delayed Response Rich to Lean Sensor 2

DTC PO13F

HO2S Delayed Response Lean to Rich Sensor 2

DTC PO15A

HO2S Delayed Response Rich to Lean Sensor 1

DTC P0O15B

HO2S Delayed Response Lean to Rich Sensor 1

DTC P2270

HO2S Signal Stuck Lean Sensor 2

DTC P2271

HO2S Signal Stuck Rich Sensor 2

8.2.3.36.3Diagnostic Fault Information

VANDERHALL

DTC P0133, PO13A, P013B, PO13E, PO13F, PO15A, PO15B, P2270, or P2271

Circuit

Short to Ground

Open/High
Resistance

Short to
Voltage

Signal
Performance

HO2S High Signal

P0131, P0137

P0132, P0134,
P0138, P0140

P0132, P0134,
P0138, P0140

P0133, PO13A,

P013B, PO13E,

PO13F, PO15A,
P015B

HO2S Low Signal P0137 P0132, P0134,| P0132, P0134, P0133, PO13A,
P0138, P0140| P0138,,0140 P013B, PO13E,
PO13F, PO15A,
PO15B
8.2.3.36.4Typical Scan Tool Data
HO2S 1 or 2
Circuit Short to Ground Open/High Short to
Resistance Voltage

Operating ConditionsEngine operating in Closed Loop
Parameter Normal Rang00¢800 mV

HO2S 1 or Signal

0mv

170G;2 100 mV

170G;2 100 mV

HO2S 1 or 2 Low Signal

170G;2 100 mV

170G;2 100 mV
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8.2.3.36.5Circuit/System Description

The heated oxygen sensors (HO2S) are used for fuel control and catalyst monitoring. Each HO2S compares the oxygen
content ofthe surrounding air with the oxygen content of the exhaust stream. When the engine is started, the control
module operates in an open loop mode, ignoring the HO2S signal voltage while calculating the air to fuel ratio. While
the engine runs, the HO2S heatg and begins to generate a voltage within a rangegif 275 mV. Once sufficient

HO2S voltage fluctuation is observed by the control module, closed loop is entered. The control module uses the
HO2S voltage to determine the air to fuel ratio. An HO2Sgelthat increases toward 1 000 mV indicates a rich fuel
mixture. An HO2S voltage that decreases toward 0 mV indicates a lean fuel mixture.

The heating elements inside each HO2S heat the sensor to bring the sensor up to operating conditions faster. This
allows the system to enter closed loop earlier and the control module to calculate the air to fuel ratio sooner.

8.2.3.36.6Conditions for Running the DTC

DTC P0133

1 DTCs P0068, P0O096, P0O097, PO098, POOB3, POOB4, POOB6, POOC7, P0101, P0102, P0103, P0106, PO10I, P0108,
PO112, P0113, PO114, PO116, P0O117, P0118, P0119, P0121, P0122, P0123, P0128, P0131, P0132, P0134, P0201,
P0202, P0203, P0204, P0222, P0223, P0300, P0442, P0443, P0446, P0449, P0451, P0452, P0453, P0454, P0455,
P0496, P1101, P1516, P2101, P2119382R2176 and P2450 are not set.
The ignition voltage is between 482 V.
The engine speed parameter is between 1 &600 RPM.
The engine coolant temperature (ECT) is hotter than 65°C (149°F).
¢KS AyGFr1S FANI GSYLISNI Gdz2NB o6L! ¢0 A& K2GGSNJ 0KFYy bnnc/ 0O6b
The engine has been operating for greater than 100 s.
The mass air flow (MAF) is betweerg36 g/s.
The fuel system is in Closed Loop.
The vehicle is not decelerating.
The DTCs run continuously when the above conditions are met for greater than 1 s.
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POIBA
1 DTCs P0068, PO096, PO097, PO098, POOB6, P0101, P0102, P0103, P0106, P0O107, P0108, PO111, P0112, PO113, P0114,
PO116, PO117, PO118, PO119, P0121, P0122, P0123, P0171, P0172, P0201, P0202, P0203, P0204, P0222, P0223,
P0300, P1101, P1516, P2096, P20970P222119, P2135, P2176 are not set.

1  The ignition voltage is between 482 V.
1  The fuel level is greater than 10%.
1 DTC P013B, P0O13E, P013F, P2270 and P2271 have run.
1 DTC PO13E and P2270 have passed.
1 DTC PO13A runs once per trip.
P013B

1 DTCs P0068, POOF®)097, PO098, POOB6, P0101, P0O102, P0103, PO106, P0107, PO108, PO111, PO112, P0113, P0114,
PO116, PO117, PO118, P0119, P0121, PO122, P0123, P0171, P0172, P0201, P0202, P0203, P0204, P0222, P0223,
P0300, P1101, P1516, P2096, P2097, P2101, P2119, P2135aR20at set.

The ignition voltage is between ¢82 V.

The fuel level is greater than 10%.

DTC P0O13A, PO13E, PO13F, P2270 and P2271 have run.

DTC P013F and P2271 have passed.

DTC P013B runs once per trip.

=A =8 =4 -8 =9
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PO13E
1 DTCs P0068, P0O096, PO097, PO098, POOBB1AR0102, P0103, P0106, P0107, PO108, PO111, PO112, P0113, P0114,
PO116, PO117, PO118, PO119, P0121, P0122, P0123, P0171, P0172, P0201, P0202, P0203, P0204, P0222, P0223,
P0300, P1101, P1516, P2096, P2097, P2101, P2119, P2135, P2176 are not set.

1  The igniion voltage is between {82 V.
1  The fuel level is greater than 10%.
1 DTC P013A, P013B, P013F, P2270 and P2271 have run.
1 DTC P2270 have passed.
1 DTC PO13E runs once per trip.
PO13F

1 DTCs P0068, P0O096, P0O097, PO098, POOB6, P0101, P0102, P0103, PO10®1P81FDIR1, PO112, P0113, P0114,
PO116, P0117, PO118, P0119, P0121, PO122, P0123, P0171, P0172, P0201, P0202, P0203, P0204, P0222, P0223,
P0300, P1101, P1516, P2096, P2097, P2101, P2119, P2135, P2176 are not set.

The ignition voltage is between 482 V.

The fuel level is greater than 10%.

DTC P0O13A, P013B, P013E, P2270 and P2271 have run.

DTC P2270 and P2271 have passed.

DTC PO13F runs once per trip.

E R

PO15A and P015B
1 DTCs P0068, P0101, P0102, P0103, P0106, P0O107, P0108, P0111, PO112, P0113, PORPD41P0PDAE 18, P0119,
P0121, P0122, PO123, P0128, P0131, P0132, P0134, P0171, P0172, P0201, P0202, P0203, P0204, P0222, P0223,
P0300, P0442, P0443, P0446, P0449, P0452, P0453, P0455, P0496, P16F3, P2101 or P2135 are not set.
The ignition voltage is betweet0¢32 V.
The device controls are not active.
The fuel level is greater than 10%.
The HO2S heater is commanded ON for greater than 40 s.
The engine coolant temperature (ECT) is hotter than 60°C (140°F).
¢CKS AYyadlr1S AN G§SYLISNIGINSBec @LPd ¢ 0 Aad K2GGSN) GKIy bLnnc/
The engine has been operating for greater than 150 s.
The engine speed is between 1 §3600 RPM to initially enable the test.
The vehicle speed is betweend@®5 km/h (4478 mph) to initially enable the test.
The engine speed is between 1 83G50 RPM to keep the test enabled.
The vehicle speed is between@30 km/h (4%81 mph) to keep the test enabled.
The mass air flow (MAF) is betweeq2? g/s.
The fuel system is in Closed Loop.
The evaporative emission (EVAP) diagnostics are not in cafifparge.
The predicted catalytic converter temperature is between &BI0°C (1 0221 652°F).
DTC PO15A runs once per trip, during the deceleration fuel cutoff
(DFCO) mode, when the above conditions are met.
DTC P015B runs once per trip, during the fueictnmode, when the above conditions are met.

E R R R B B I R B R B R B B ]

P2270
1 DTCs P0068, P0O096, P0O097, PO098, POOB6, P0O101, P0102, P0O103, P0106, P0107, P0108, P0111, PO112, P0113, P0114,
PO116, P0117, PO118, P0119, P0121, PO122, P0123, P0171, P0172, P0201, P0202, PORIR20FDL23,
P0300, P1101, P1516, P2096, P2097, P2101, P2119, P2135, P2176 are not set.
The ignition voltage is between ¢82 V.
The fuel level is greater than 10%.
The engine speed parameter is between 143600 RPM.
The mass air flow (MAF) is betwebtB0 g/s.
The fuel composition is less than 87% ethanol.
The fuel system is in Closed Loop.
DTC P013A, P013B, P013E, PO13F, P2270 and P2271 have run.
DTC P2270 and P2271 have passed.
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1 DTC P2270 runs once per drive cycle when the above conditions are rbes.for
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DTCs P0068, P0096, P0097, PO098, POOB6, P0101, P0O102, P0103, PO106, P0107, PO108, PO111, P0112, P0113, P0114,
PO116, P0117, PO118, P0119, P0121, P0122, P0123, P0171, P0172, P0201, P0202, P0203, P0204, P0222, P0223,
P0300, P1101, P1516, P20B@097, P2101, P2119, P2135, P2176 are not set.

The ignition voltage is between ¢82 V.

The fuel level is greater than 10%.

The engine speed parameter is between 149600 RPM.

The mass air flow (MAF) is betweetB0 g/s.

The fuel composition is lesseth 87% ethanol.

The fuel system is in Closed Loop.

DTC P0O13A, P013B, PO13E, PO13F and P2270 have run.

DTC P013A, PO13E and P2270 have passed.

DTC P2270 runs once per drive cycle when the above conditions are met for 5 s.

8.2.3.36.7Conditions for Setting the DTC

P0133

PO13A

P013B

PO13E

PO13F

The ECM detects that the HO2S 1 average response time is more than a calculated value.
DTC P0133 sets within 60 s when the above condition is met.

The ECM detects that the accumulated mass air flow monitored during rich to lean transitiovrsebet 5@450 mV
is more than 6 g.

The ECM detects that the accumulated mass air flow monitored during rich to lean transitions betwe€&5@85V
is more than 25 g.

The ECM detects that the Post O2 sensor voltage is greater than 450 mV amdctmaulated mass air flow
monitored during the delayed Response Test is greater than 20 g.

The ECM detects that the Post O2 sensor voltage is less than 350 mV and the accumulated mass air flow monitored
during the delayed Response Test is greatentfi@ g.

The ECM detects that the heated oxygen sensor (HO2S) 2 parameter is greater than 1 700 mV.

The ECM detects that the heated oxygen sensor (HO2S) 2 sensor cannot achieve voltage equal to or less than 775 mV.
and
The ECM detects that theccumulated mass air flow monitored during the Stuck Lean Voltage Test is more than 38 g.

The ECM detects that the heated oxygen sensor (HO2S) 2 sensor cannot achieve voltage equal to or less than 100 mV.
and
The ECM detects that the accumulated masglow monitored during the stuck rich voltage test is more than 25 g.

8.2.3.36.8Action Taken When the DTC Sets

1
f

DTCs P0133, P0134, PO13E, PO13F, P0140, P2270 are P2271 Type B DTCs.
DTCs PO13A and P013B are Type A DTCs.

8.2.3.36.9Conditions for Clearing the DTC

1 DTC$0133, P0134, PO13E, PO13F, P0140, P2270 are P2271 Type B DTCs.
1 DTCs P013A and P0O13B are Type A DTCs.
223
REVISION1.0

RELEASE DAJE&6/2017



VeniceService Manual

Engine / Propulsion

VANDERHALL

8.2.3.36.10. Reference Information

Schematic Reference
Engine Controls Schematics
Connector End View Reference
Component Connector End Views
Electrical Information Rference
Circuit Testing
Connector Repairs
Testing for Intermittent Conditions and Poor Connections
Wiring Repairs
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control Module Referencder scan tooinformation

8.2.3.36.11. Circuit/System Verification

1. Ignition ON.
2. Verify no HO2S heater DTCs are set
t Ifa HO2S heater DTC is set
Refer to DTC P0131, P0132, P0134, P0137, P0138, or P0140.
p If no HO2S heater DTC is set
3. Allow the engine to reach operating t@erature, engine running.
4. Verify the scan tool HO2S Sensor 1 or 2 voltage parameters are betwgkeSDmYV.
t If not between 5@1 050 mV
Refer to DTC P0131, P0132, P0134, P0137, P0138, or P0140.
p If between 5@;1 050 mV
5. Verify none of the followingonditions exist:
Lean or rich fuel injectors
Water intrusion in the HO2S harness connector
Low or high fuel system pressard&Refer toFuel System Diagnosis.
Fuel that is contaminated Refer toAlcohol/Contaminantsn-FuelDiagnosis.
Fuel saturation of thevaporative emission (EVAP) canister
Exhaust leaks
Engine vacuum leaks
Engine oil consumptionsRefer to Symptoms Engine Cooling
Engine coolant consumptianRefer to Symptoms Engine Cooling.
t If any of the above conditions exist
Repair as necessary.
p If none of the above conditions exist
6. Operate the vehicle within the Conditions for Running the DTC. You may also operate the vehicle within the
conditions that you observed from the Freeze Frame/Failure Records data.
7. Verify the DTC does not set.
t Ifthe DTC sets
Replace the B52 Heated Oxygen Sensor.
p If the DTC does not set
8. All OK.

E R N

8.2.3.36.12. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the diagnostic procedure.
1 Heated Oxygen Sensor Replacement Sensor 1
1 Heated Oxygen 8eor Replacement Sensor 2
1 Perform the scan tool Heated Oxygen Sensor Resistance Learn Reset after replacing a HO2S.
1  Control Module Referencder ECM replacement, programming and setup
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8.2.3.37. DTC PO171 or PO172

8.2.3.37.1Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.37.2DTC Desgqrtors

DTC P0O171

Fuel Trim System Lean
DTC P0172

Fuel Trim System Rich

8.2.3.37.3Circuit/System Description

The engine control module (ECM) controls a Closed Loop air/fuel metering system in order to provide the best
possible combination of drivability, fuel econgand emission control. The ECM monitors the heated oxygen sensor
(HO2S) signal voltage, and adjusts the fuel delivery based on the signal voltage while in Closed Loop. A change made
to the fuel delivery changes the long and short term fuel trim valuke.short term fuel trim values change rapidly in
response to the HO2S signal voltages. These changes fine tune the engine fueling. The long term fuel trim values
change in response to trends in the short term fuel trim The long term fuel trim makes adjtstments to fueling

in order to recenter and restore control to short term fuel trim. The ideal fuel trim values are around 0 %. A positive
fuel trim value indicates that the ECM is adding fuel in order to compensate for a lean condition. A negatikienfu

value indicates that the ECM is reducing the amount of fuel in order to compensate for a rich condition.

8.2.3.37.4Conditions for Running the DTC

il

= =

E R I ]

DTCs P0030, P0053, P0101, P0102, P0103, P0106, P0107, PO1@BREBE3PO15A, P015B, P0178, P0179, R0201
P04, P0236, P0237, P0238, P0261, P0262, P0264, P0265, P0267, P0268, P0270, POZRQ30H3P0411,

P0442, P0455, P0458, P0496, PO506, PO507, P1133, P1248, P1249, P124A, P124B, P2147, P2148, P2150, P2151,
P2153, P2154, P2156, P2157, P2227, P2228, P2223),AP2269, P2440, or P2444 are not set.

The engine is in Closed Loop status.

The catalyst monitor diagnostic intrusive test, post 02 diagnostic intrusive test, and evaporative emissions system leak
test are not active.

The engine coolanttemperatu@ 9 / ¢ 0 Ada 06S06S5SSy btunc/ YR bmpnc/ o6bncC
¢CKS AYyaGdlr1S AN GSYLISNI GdzNB o6L! ¢0 Ad 06SG6SSy bLunc/ | YR
The manifold absolute pressure (MAP) is betweeqB® kPa (1.637 psi).

The engine speed is between 400000 RPM.

The mas air flow (MAF) is betweergd12 g/s.

The barometric pressure (BARO) is greater than 70 kPa (10.2 psi).

The fuel level is greater than 10 %.

This diagnostic runs continuously when the above conditions have been met.

8.2.3.37.5Conditions for Setting the DTC

f
1

The aveage long term fuel trim weighted average value is greater or less than a calibrated value.
The above condition is present for approximately 3 min after the Conditions for Running the DTC have been met.

8.2.3.37.6Action Taken When the DTC Sets

DTCs P0171 and POlat2 Type B DTCs.
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8.2.3.37.7Conditions for Clearing the MIL/DTC

DTCs P0171 and P0172 are Type B DTCs.

8.2.3.37.8Diagnostic Aids

il

1
1
1

Allow the engine to reach operating temperature. With the engine running, observe the HO2S parameter with a scan
tool. The HO2S value should vénym approximately 40 mV to approximately 900 mV, and respond to fueling

changes.

CKS y2N¥If {K2NI ¢SN)Y CdzSf ¢NRY |yR [2y3 ¢SN¥ CdzSftf ¢NRY
the optimum, with the engine running at operating temperature.

Anyunmetered air into the engine causes this DTC to set. Thoroughly inspect all areas of the engine for vacuum leaks.
A MAF sensor condition can cause this DTC without setting a MAF DTC. If there is a MAF sensor condition, the MAF
sensor parameters will appe to be within range.

Verify that the air filter is the correct one for this application, the engine oil fill cap is in place and is tight, and the
engine oil dip stick is fully seated.

Certain aftermarket air filters may cause a DTC to set.

Certain aftemarket air induction systems or modifications to the air induction system may cause a DTC to set.

Certain aftermarket exhaust system components may cause a DTC to set.

8.2.3.37.9Reference Information

Component View Reference
Powertrain Component Views
Electrical Ifiormation Reference
o Circuit Testing
o Connector Repairs
o0 Testing for Intermittent Conditions and Poor Connections
0  Wiring Repairs
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control Module Referencder sca tool information

8.2.3.37.10. Circuit/System Verification

1. Ignition ON.
2. Verify no other DTCs are set.
t If any other DTCs are set
Refer toDiagnostic Trouble Code (DTC) List Vefaclturther diagnosis.
p If no other DTCs are set
3. Verify DTC P0171 or PO1g 2ot set.
t IfaDTCis set
Refer to Circuit/System Testing.
plfno DTC is set
4. Operate the vehicle within the Conditions for Running the DTC. You may also operate the vehicle within the
conditions that you observed in the Freeze Frame/Failure Rectatds
5. Verify DTC P0171 or P0172 is not set.
t If any of the DTCs set
Refer to Circuit/System Testing.
p If none of the DTCs set
6. All OK.
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8.2.3.37.11. Circuit/System Testing

1. Ignition ON.

2. Verify the manifold absolute pressure sensor is within the rangefsgmbéor your altitude. Refer td\ltitude Versus
Barometric Pressure
t If not within the specified range
Refer to DTC P0106
p If within the specified range
3. Engine running at the operating temperature.
4. Verify the Long Term Fuel Trim parameter is leetmc30 % and +35 %.
t If greater than +35 %
4.1. Ignition OFF.
4.2. Inspect for the conditions listed below:

il

E I R I R I B B B |

Mass air flow (MAF) sensor signal skewed. If the Short Term Fuel Trim parameter changes greater
than 20 % whetthe MAF sensor is disconnected, refei®@C P0101.

Fuel contamination. Refer talcohol/Contaminantsn-Fuel Diagnosis.

Missing, restricted, or leaking exhaust components. Refé&ytoptoms Engine Exhaust.
Malfunctioning fuel injectors. Refer téuel Injetor Diagnosis.

Split, kinked, or improperly connected vacuum hoses

Insufficient fuel in the tank

Low fuel pressure. Refer teuel System Diagnosis.

Vacuum leaks at the intake manifold, the throttle body, and the injectoin@s.

Leaks in the ainduction system and the air intake ducts

Missing air filter element

Cracked EVAP canister

Evaporative pipes obstructed or leaking

Leaks in the crankcase ventilation system.

t If a condition is found, repair as necessary.
+ If no condition is found, testhe engine for a mechanical condition. Refer $gmptoms Engine
Mechanical
t If less thanc30 %
4.1. Ignition OFF.
4.2. Inspect for the conditions listed below:

il

= =4 = =8 -8 -8 s oa

Mass air flow (MAF) sensor signal skewed. If the Short Term Fuel Trim parameters for both banks
changes greatethan 20 % when the MAF sensor is disconnected, ref&T6 P0101.
Fuel contamination. Refeéo Alcohol/Contaminantsn-Fuel Diagnosis

Missing, restricted, or leaking exhaust components. Refé&ytoptoms Engine Exhaust.
Malfunctioning fiel injectors. Refer té-uel Injector Diagnosis

Collapsed or restricted air intake duct

Excessive fuel pressure. Refer to Fuel System Diagnosis

Dirty or restricted air filter

Obijects blocking the throttle body

Improper operation of the evaporative emissiorentrol system

Excessive fuel in the crankcase. Change the engine oil as necessary.

+ If a condition is found, repair as necessary.
t If no condition is found, test the engine for a mechanical condition. RefeBywmptoms Engine
Mechanical.

p If between¢30 % and +35 %

5. All OK.

8.2.3.37.12. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.
Perform the scan tool Fuel Trim Reset after completing the repair.
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8.2.3.38. DTC P018®018D (Chassis Control Module)
8.2.3.38.1Diagnostic Instructions

o Perform the Diagnostic System Check Vehgrier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.38.2DTCDescriptors

DTC P018B
Fuel Pressure Sensor Performance
DTC P018C
Fuel Pressure Sensor Circuit Low Voltage
DTC P018D
Fuel Pressure Sensor Circuit High Voltage

8.2.3.38.3Diagnostic Fault Information

Circuit Short to Ground | Open/High Short to Signal
Resistance Voltage Performance
5V Reference P018C, P0641, pPo18C P018D PO6A6
PO6A6
Sensor P018C P018C P018D P018B
Low Reference - P018D - PO6A6

8.2.3.38.4Circuit/System Description

The fuel pressure sensor is located on the fuel line. The fuel pressure sensor monitfusltheessure in the fuel
line. The chassis control module monitors the voltage signal from the fuel pressure sensor.

8.2.3.38.5Conditions for Running the DTC

The engine is running.

DTCs P018C, P018D, P0231, P0232, P023F, PO64A, P1255 or PO6AG are not active.
DTC B641 has not failed this ignition cycle.

Fuel pump control is enabled and the fuel pump control state is normal.

The engine has been running for at least 5 seconds.

= =4 =4 -8 =

8.2.3.38.6Conditions for Setting the DTC
The chassis control module does not detect a change irfuekepressure of at least 30 kPa (4.4 psi) when the fuel
pump is operating. The fuel pressure sensor performance diagnostic provides a means to detect fuel pressure sensor
output that is stuck within the normal operating range of the sensor.

8.2.3.38.7Action TakerWhen the DTC Sets
DTCs P018B, P018C and P018D are Type A DTCs.

8.2.3.38.8Conditions for Clearing the DTC

DTCs P018B, P018C and P018D are Type A DTCs.
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8.2.3.38.9Diagnostic Aids

Using the Failure Records data may help locate an intermittent condition. If you cannot duplieai@TC, the
information in the Failure Records can help determine how many miles since the DTC set. The Fail Counter and Pass
Counter can help determine how many ignition cycles that the diagnostic test reported a pass and/or a fail.

8.2.3.38.10. Reference Informatn

Schematic Reference
Engine Controls Schematics
Connector End View Reference
Component Connector End Views
Description and Operation
Fuel System Description
Electrical Information Reference
1 Circuit Testing
9  Testing for Intermittent Conditions and Poor @euwtions
1  Connector Repairs
1  Wiring Repairs
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control Module Referencder scan tool information

8.2.3.38.11. Circuit/System Verification

1. Engine running.
2. Verify thescan tool Fuel Pressure Sensor Voltage parameter is betwee$.8.%.
t If not between 0.24.8 V
Refer to Circuit/System Testing.
p If between 0.24.8 V
3. All OK.
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8.2.3.38.12. Circuit/System Testing

Note:
Verify that the fuel tank is not empty. Only perform thiggnostic if there is at least 2 gallons
fuel in the fuel tank. Clear the DTC, and start and run the engine. Verify that the DTC resets
proceeding with the circuit system testing. If the DTC does not reset, refer to diagnostic aids.

1. Ignitim OFF and all vehicle systems OFF, disconnect the harness connector at the B47 Fuel Pressure Sensor. It may take up to
2 minutes for all vehicle systems to power down.
Hd ¢Said FT2N £tSaa GKIFYy mn m 0SG6SSy GKS t26 NBTFSNBYOS OANDAz
t If 10mor greater
2.1. Ignition OFF, disconnect the harness connector at the K38 Chassis Control Module.
HPHD ¢Sad FT2NI £Saa GKIY v m Ay (GKS 26 NBFSNBYyOS OANDdzA G
t If 2mor greater, repair the open/high resistance in the circuit.
t If less thar2 m, replace the K38 Chassis Control Module.
pLT tSaa GKIYy mn m
3. Ignition ON.
4. Test for 4.85.2 V between the 5 V reference circuit terminal 3 and ground.
t Iflessthan 4.8V
4.1. Ignition OFF, disconnect the harness connector at the K38 Chadsid Moxule.
4.2. Test for infinite resistance between the 5 V reference circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance
ndod ¢S&d TFT2N £fSaa G(KI ydtaendw Ay GKS p = NBFSNBYyOS OANDdz i
t If 2mor greater, repair the open/high resistance in the circuit.
t If less than 2w, replace the K38 Chassis Control Module.
t If greater than 5.2V
4.1. Ignition OFF, disconnect the harness connector at the K38 Chassis Control Modida, ON.
4.2. Test for less than 1 V between the 5 V reference circuit and ground.
t If 1V or greater, repair the short to voltage on the circuit.
t Ifless than 1V, replace the K38 Chassis Control Module.
p If between 4.85.2 V
5. Verify the scatool Fuel Pressure Sensor Voltage parameter is less than 1 V.
t If 1V orgreater
5.1. Ignition OFF, disconnect the harness connector at the K38 Chassis Control Module, ignition ON.
5.2. Test for less than 1 V between the signal circuit terminal 1 andhdrou
t If 1V or greater, repair the short to voltage on the circuit.
t If less than 1V, replace the K38 Chassis Control Module.
plflessthan 1V
6. Install a 3 A fused jumper wire between the signal circuit terminal 1 and the 5 V reference circuittéymvait 15 seconds.
7. Verify the scan tool Fuel Pressure Sensor Voltage parameter is greater than 4.8 V.
t If4.8Vorless
7.1. Ignition OFF, disconnect the harness connector at the K38 Chassis Control Module.
7.2. Test for infinite resistance betwe¢he signal circuit terminal 1 and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance
TOPod ¢Sad F2NJtSaa GKFEY W m Ay GKS aiaayrt OANDdz G
t If 2mor greater, repair the open/high regance in the circuit.
t If less than 2, replace the K38 Chassis Control Module.
p If greater than 4.8 V
8. Test or replace the B47 Fuel Pressure Sensor.

02
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<
puli

8.2.3.38.13. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.
Control Module Referencder chassis control module replacement, programming and setup
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8.2.3.39. DTC P0201, P0202, P0203, P0204, P0261, P0262, P0264, P0265, P0267, P0268, P0270, or P0271

8.2.3.39.1Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.39.2DTC Descriptors

DTC P0201

Cylinder 1 Injector Control Circuit
DTC P0202

Cylinder 2 Injector Control Circuit
DTC P0203

Cylinder 3 Injector Control Circuit
DTC P0204

Cylinder 4 Injector Control Circuit
DTC P0261

Cylinder 1 Injector Control Circuit Low Voltage
DTC P0262

Cylinder 1 Injector Control Circuit High Voltage
DTC P0264

Cylinder 2 Injector Control Circuit Low Voltage
DTC P0265

Cylinder 2 Injector Control Circuit High Voltage
DTC P0267

Cylinder 3 Injector Control Circuit Low Voltage
DTC P0268

Cylinder 3 Injector Control Circuit High Voltage
DTC P0270

Cylinder 4njector Control Circuit Low Voltage
DTC P0271

Cylinder 4 Injector Control Circuit High Voltage

8.2.3.39.3Diagnostic Fault Information

Circuit Short to Ground Open/High Short to Signal
Resistance Voltage Performance
Ignition Voltage P0201*, P0202*%, P0201**, - -
P0203*, P0204*, P0202**,
P0261*, P0264*, P0203**,
P0267*, P0270* P0204**,
P0261**,
P0264**,
P0267**,
P0270**
Injector 1 Control P0201, P0261 | P0201, PO300| P0262, PO300 -
Injector 2 Control P0202, P0264 | P0202, P0O300| P0265, PO300 -
Injector 3 Control P0203P0267 P0203, P0300| P0268, PO300 -
Injector 4 Control P0204, P0270 | P0204, PO300| P0271, PO300 -

* Open fuse, cranks no start.

** Cranks no start if the condition is between the fuse and the splice.
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8.2.3.39.4Circuit/System Description

The engine control moduléECM) enables the appropriate fuel injector pulse for each cylinder. Ignition voltage is supplied to
the fuel

injectors. The ECM controls each fuel injector by grounding the control circuit via a solid state device called a dia@k The
monitors the staus of each driver. If the ECM detects an incorrect voltage for the commanded state of the driver, a fuel
injector

control circuit DTC sets.

8.2.3.39.5Conditions for Running the DTC

1  The engine is running for greater than 1 s.
1  The ignition voltage is greater than V1
1  The DTCs run continuously when the above conditions are met for greater than 5 s.

8.2.3.39.6Conditions for Setting the DTC

The control module detects an incorrect voltage on the fuel injector control circuit for greater than 5 s.
8.2.3.39.7Action Taken When the DTC Sets

DTCs P0201, P0202, P0203, P0204, P0261, P0262, P0264, P0265, P0267, P0268, P0270, and P0271 are Type B DTCs.
8.2.3.39.8Conditions for Clearing the DTC

DTCs P0201, P0202, P0203, P0204, P0261, P0262, P0264, P0265, P0267, P0268, P0270, and P0271 are Type B DTCs.
8.2.3.39.9Diagnostic Aids

Performing the Fuel Injector Diagnosis may help isolate an intermittent condition. Refer to Fuel Injector Diagnosis.
8.2.3.39.10. Reference Information

Schematic Reference
Engine Controls Schematics
Connector End View Reference
Component Connector Engiews
Electrical Information Reference
Circuit Testing
Connector Repairs
Testing for Intermittent Conditions and Poor Connections
Wiring Repairs
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control ModuleReferencegor scan tool information
Special Tool
CH 347302C Noid Light, if available
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8.2.3.39.11. Circuit/System Verification

1. Engine cranking or running.
2. Verify the scan tool parameters listed below do not display Malfunction.
1  Cylinder £4 Injector ControCircuit Low Voltage Test Status
1 Cylinder £4 Injector Control Circuit Open Test Status
1  Cylinder 4 Injector Control Circuit High Voltage Test Status
t If Malfunction is displayed
Refer to Circuit/System Testing.
p If Malfunction is not displayed
3. Operae the vehicle within the Conditions for Running the DTC. You may also operate the vehicle within the
conditions that you observed from the Freeze Frame/Failure Records data.
4. Verify the DTC does not set.
t Ifthe DTC sets
Refer to Circuit/System Testing.
p If the DTC does not set
5. All OK.

8.2.3.39.12. Circuit/System Testing

1. Ignition OFF, disconnect the harness connector at the appropriate Q17 Fuel Injector, ignition ON.
2. Verify a test lamp illuminates between the ignition circuit terminal 1 and ground.
t If the test lamp does not illuminate and the circuit fuse is good
2.1. Ignition OFF, remove the test lamp.
HOHD ¢Sad FT2NIfSaa GKFYy w m Ay (GKS A3IyAaAdAiazy OANDdz
t If 2mor greater, repair the open/high resistance in the circuit.
t If less than 2w, verify the fuse is not open and there is voltage at the fuse.
t If the test lamp does not illuminate and the circuit fuse is open
2.1. Ignition OFF, remove the test lamp, and disconnect all components on the circuit.
2.2. Test for infinite resistandeetween the ignition circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance
2.3. Replace the fuse, ignition ON.
2.4. Verify the fuse is good after connecting each of the components caérae.
t+ If the fuse opens, replace the component that opens the fuse when connected.
t+ If the fuse is good, all OK.
p If the test lamp illuminates
3. Ignition OFF, connect the test lamp to the affected fuel injector connector.
4. Engine cranking.
5. Veify the test lamp turns ON and OFF.
t If the test lamp is always OFF
5.1. Ignition OFF, remove the test lamp, disconnect the X2 harness connector at the K20 Engine Control
Module, ignition ON.
5.2. Test for less than 1 V between the control circuit andigdo
t If 1V or greater, repair the short to voltage on the circuit.
plflessthan 1V
5.3. Ignition OFF.

pend ¢Sad F2NJ£Saa GKIYy H m Ay GKS O2yGNBt OANDdAG S
t LT v m 2N IANBFGSNE NBLI AN GKS 21LI8ykKAIK NBaradl
t IflessthanMmE NBLX F OS GKS Yuwn 9y3AAYS [/ 2y(iNRBf az2RdzZ So

t If the test lamp is always ON
5.1. Ignition OFF, remove the test lamp, disconnect the X2 harness connector at the K20 Engine Control
Module.
5.2. Test for infinite resistance between the control circuit and gcbu
t If less than infinite resistance, repair the short to ground on the circuit.
t If infinite resistance, replace the K20 Engine Control Module.
p If the test lamp turns ON and OFF
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6. Test or replace the appropriate Q17 Fuel Injector.
8.2.3.39.13. Component Testing
Fuel Injector Diagnosis
8.2.3.39.14. Repair Instructions
Perform theDiagnostic Repair Verificati@after completing the repair.
1  Fuel Injector Replacement
1  Control Module Referencder Engine Control Module replacement, programming, and setup
236
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8.2.3.40. DTC P0231, P0232, ddE3F (Chassis Control Module)
8.2.3.40.1Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.40.2DTC Descriptors

DTC P0231

Fuel Pump Control Circuit Low Voltage
DTC P0232

Fuel Pump Control Circuit High Voltage
DTC P023F

Fuel Pump Control Circuit

8.2.3.40.3Diagnostic Fault Information

Circuit Short to Ground | Open/High Short to Signal
Resistance Voltage Performance
Control P0231 PO23F P0232 P023F, P2635
Low Reference - P0O23F - P023F, P2635

8.2.3.40.4Circuit/System Description

The engine control module (ECM) supplies voltage to the chassis control module when the ECM detects that the
ignition is on. The voltage from the ECM to the chassis control module remains active for 2 seconds, unless the engine
is in crank or run. While th voltage is being received, the chassis control module supplies a varying voltage to the
fuel tank pump module in order to maintain the desired fuel line pressure.

8.2.3.40.5Conditions for Running the DTC
P0231, PO23F
The ignition voltage is betweerg®8 V.
P0232
The control enable voltage signal supplied for the ECM to chassis control module is inactive for 4 seconds
after engine has been shut off.
8.2.3.40.6Conditions for Setting the DTC
The chassis control module detects a fault on the fuel pump voltage circuit tieasishan 11 V or greater than 18 V.
8.2.3.40.7Action Taken When the DTC Sets
DTCs P0231, P0232, and P0O23F are Type A DTCs.
8.2.3.40.8Conditions for Clearing the DTC
DTCs P0231, P0232, and P0O23F are Type A DTCs.

8.2.3.40.9Diagnostic Aids

Using the Failure Records data may help lecah intermittent condition. If you cannot duplicate the DTC, the
information in the Failure Records can help determine how many miles since the DTC set. The Fail Counter and Pass
Counter can help determine how many ignition cycles that the diagnosticepstted a pass and/or a fail.
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On vehicles equipped with a high pressure mechanical pump on Direct Fuel Injection engines, the vehicle may
continue to run even though the pump in the fuel tank is not operating.

8.2.3.40.10. Reference Information

Schematic Reference
Engine Controls Schematics
Connector End View Reference
Component Connector End Views
Description and Operation
Fuel System Description
Electrical Information Reference
Circuit Testing
Connector Repairs
Testing for Intermittent Conditions and PoBpbnnections
Wiring Repairs
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control Module Referencder scan tool information

8.2.3.40.11. Circuit/System Testing

1. Ignition OFF and all vehicle systems OFF, discotivetarness connector at the A7 Fuel Pump and Level Sensor
Assembly. It may take up to 2 minutes for all vehicle systems to power down.
H® ¢Sad F2NJfSaa GKFEIYy mn m 06SG68Sy (KS 24 NBFSNByY
t If 10mor greater
2.1. Ignition &F, disconnect the harness connector at the K38 Chassis Control Module.
HOHD ¢Sald FT2NIfSaa GKFYy H m Ay (GKS f26 NBFSNByOS
+ If 2mor greater, repair the open/high resistance in the circuit.
t If less than 2w, replace the K38 Chas§isntrol Module.
pLT fSaa GKIY mn m
3. Connect a test lamp between the control circuit terminal 1 and the low reference circuit terminal 2.
4. Ignition ON.
5. Verify the test lamp turns ON and OFF when commanding the fuel pump ON and OFF using thd Et2¥ foel
pump enable control function.
t If the test lamp is always OFF
5.1. Ignition OFF, disconnect the harness connector at the K38 Chassis Control Module.
5.2. Test for infinite resistance between the control circuit and ground.
t If less than infirie resistance, repair the short to ground on the circuit.
p If infinite resistance
pPod ¢Sad F2NI £Saa GKIFIY W m Ay GKS O2yiNRt OANDdzAG S
+ If 2mor greater, repair the open/high resistance in the circuit.
t+ If less than 2w, replace the K38 Chas<Control Module.
t If the test lamp is always ON
5.1. Ignition OFF, disconnect the harness connector at the K38 Chassis Control Module, ignition ON.
5.2. Test for less than 1 V between the control circuit and ground.
+ If 1V or greater, repair the sho voltage on the circuit.
t Ifless than 1V, replace the K38 Chassis Control Module.
p If the test lamp turns ON and OFF
6. Replace the A7 Fuel Pump and Level Sensor Assembly.

&
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8.2.3.40.12. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.
1  Fuel Tank Fuel Pump Module Replacement
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1  Control Module Referencder chassis control module replacement, programming and setup
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8.2.3.41. DTC P0234 or P0299
8.2.3.41.1Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to usingthis diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.41.2DTC Descriptors

DTC P0234

Engine Overboost
DTC P0299

Engine Underbost

8.2.3.41.3Circuit Description

The boost pressure sensor is integrated with the turbocharger boost/intake air temperature sensor. The boost
pressure sensor measures the range of pressures between the turbocharger and the throttle body. The sensor used
on this engne is a three atmosphere sensor. Pressure in this portion of the induction system is affected by engine
speed, throttle opening, turbocharger boost pressure, Intake air temperature (IAT), barometric pressure (BARO), and
the efficiency of the charge air oter.

The sensor provides a signal voltage to the engine control module (ECM), relative to the pressure changes. Under
normal operation the greatest pressure that can exist in this portion of the induction system at ignition On, engine Off
is equal to theBARO. When the engine is operated at wigeen throttle (WOT) the turbocharger can increase the
pressure to near 240 kPa (34.8 psi). The pressure is equal to the BARO when the engine is idling or decelerating.

8.2.3.41.4Conditions for Running the DTC

1 DTCs P001®0011, P0O013, PO014, P0O033, P0034, P0035, P0068, P0O101, P0102, PO103, P0106, PO107, P0108, PO111,
PO112, PO113, PO114, PO116, PO117, P0118, P0119, P0121, P0122, P0123, P0128, P0222, P0223, P0234, P0236,

P0237, P0238, P0243, P0245, P0246, P0299, P16F3, P22Q7, P2228, P2229 or P2230 are not set.

Engine speed between 2,466,000 RPM.

Desired boost pressure between X220 kPa (19.581.90 PSI).

Ambient pressure between §220 kPa (8.7€17.40 PSI).

/22T yiG GSYLISNI G§dzNB 6SiG6SSy tnn (2 bmuHnc/ obnn (G2 bHnycC
Lydr1S FANI GSYLISNY GdzNB 6Si0G6S5Sy tnn (2 bync/ é6bnn G2 bMmTC
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8.2.3.41.5Conditions for Setting the DTC

P0234
The ECM detects that the actual boost pressure is greater than the desired boost pressure for greater than
2s.
P0299
The ECM detects that the actual bopséssure is less than the desired boost pressure for greater than
25s.

8.2.3.41.6Action Taken When the DTC Sets

1 DTCs P0234 and P0299 are Type B DTCs.
1 The ECM will disable boost control and limit the system to mechanical boost only, resulting in a substame#sledec
in engine power.

8.2.3.41.7Conditions for Clearing the DTC
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DTCs P0234 and P0299 are Type B DTCs.
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8.2.3.41.8Diagnostic Aids

1  The charged air cooler is connected to the turbocharger and to the throttle body by flexible duct work that requires
the use of special high torque fastening clamps. These clamps cannot be substituted. In order to prevent any type of
air leak when servicgthe duct work, the tightening specifications and proper positioning of the clamps is critical,
and must be strictly adhered to.

1 Insufficient preload between the wastegate lever and actuator rod may allow the wastegate to open slightly when

commanded cload, and result in P0299 being set.

Oil ingestion or contamination of the wastegate solenoid valve may cause DTC P0299 to set.

1 Charge air cooler icing may cause DTC P0299 to set.

=

8.2.3.41.9Reference Information

Schematic Reference
Engine Controls Schematics
Connecta End View Reference
Component Connector End Views
Description and Operation
Turbocharger System Description
Electrical Information Reference
1 Circuit Testing
1  Connector Repairs
1  Testing for Intermittent Conditions and Poor Connections
1  Wiring Repairs
DTC Typ&eference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control Module Referencder scan tool information
Special Tools
GE23738A Vacuum Pump

8.2.3.41.10. Circuit/System Verification

1. Ignition On.
2. Verify DTC P0033, P0034, PQE3%®236, P0237, P0238, P0243, P0245, P0246 or, P2261 is not set.
t If any of the DTCs are set
Refer toDiagnostic Trouble Code (DTC) List Vehicle.
p If none of the DTCs are set
3. Verify the scan tool BARO Sensor parameter is within the range specifted iltitude Versus Barometric
Pressure table for the current testing altitude.
t If the parameter is not within the range specified in the table.
Refer toDTC P222P2230.
p If the parameter is within the range specified in the table.
4. Verify the scanobol MAP Sensor and BARO Sensor parameters are within 3 kPa (0.4 psi) .
t If the parameters are not within 3 kPa (0.4 psi).
Refer toDTC P0106.
p If the parameters are within 3 kPa (0.4 psi).
5. Verify the scan tool Boost Pressure Sensor and BARO Sermoetes are within 3 kPa (0.4 psi) .
t If the parameters are not within 3 kPa (0.4 psi).
Refer toDTC P0236.
p If the parameters are within 3 kPa (0.4 psi).
6. Engine running, verify the wastegate actuator rod moves when increasing engine speed topesdéhrottle
(WOT) and abruptly back to idle.
t If the rod does not move
Refer to Circuit/System Testing.
p If the rod moves
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7. Ignition On, engine Off, verify a click is heard or felt from the Q40 Turbocharger Bypass Solenoid Valve when
commanding the Tilbocharger Bypass Solenoid Valve On and Off with a scan tool.
t If aclick is not heard or felt
Refer to Circuit/System Testing.
p If a click is heard or felt
8. Verify a series of clicks, which increase in frequency, are heard or felt from the Q42 TBugeocdWastegate
Solenoid Valve when commanding the Turbocharger Wastegate Solenoid Valve betw#8a % with a scan tool.
t If a series of clicks in increasing frequency are not heard or felt
Refer to Circuit/System Testing.
p If a series of clicks in areasing frequency is heard or felt
9. Verify the scan tool MAP Sensor parameter and the Boost Pressure Sensor parameter are within 20 kPa (2.9 psi)
during a WOT acceleration at the time of th& khift.
t If not within 20 kPa (2.9 psi)
Refer to Circuit/$stem Testing.
p If within 20 kPa (2.9 psi)
10. Verify the scan tool Desired Boost Pressure parameter and the Boost Pressure Sensor parameter are within 15.2
kPa (2.2 psi) during a WOT acceleration at the time of Beshift.
t If the not within 15.2 kP2.2 psi)
Refer to Circuit/System Testing.
p If within 15.2 kPa (2.2 psi)
11. Operate the vehicle within the Conditions for Running the DTC. You may also operate the vehicle within the
conditions that you observed from the Freeze Frame/Failure Records dat
12. Verify a DTC does not set.
t IfaDTC sets
Refer to Circuit/System Testing
p If a DTC does not set

13. All OK
8.2.3.41.11. Circuit/System Testing
P0234

1. Ignition Off.

2. Verify the conditions listed below do not exist:
1 Restricted, blocked or incorrect routirn§ hoses going to the components listed below:
C Turbocharger
C Turbocharger wastegate solenoid valve
C Turbocharger wastegate actuator
t If a condition exists
Repair the condition or replace the turbocharger as necessary
p If none of the conditions exist

Note:
The hose is attached between the turbocharger inlet and the Q42 Turbocharger Wastegate S
Valve.

3. Disconnect the turbocharger wastegate solenoid valve hose at the turbocharger and apply 51 kPa (15 inches Hg) of
vacuum to the hose with the GE3738A. Ignition On.
4. Verify the pressure decreases to 0 kPa (0 inches Hg) when commanding the Turbocharger Wastegate Solenoid
Valve to 15 % with a scan tool.
t If the pressure does not decrease to 0 kPa (0 inches Hg)
Test or replace the Q42 Turbocharg/Vastegate Solenoid Valve
p If the pressure decreases to 0 kPa (0 inches Hg)
5. Connect the turbocharger wastegate solenoid valve hose to the turbocharger.
6. Disconnect the wastegate solenoid valve hose from the turbocharger wastegate actuator anctctmme
exhaust/pressure port of the GB3738A, or a suitable hand pressure pump, to the actuator.
7. Remove the retaining clip and disconnect the wastegate actuator rod from the wastegate lever.
8. Verify the wastegate actuator rod moves when applyirgspure to the actuator.
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t If the actuator does not move
Replace the turbocharger
p If the actuator moves
9. Verify the conditions listed below do not exist with the turbocharger assembly. Referibocharger Cleaning and
Inspection
1 Restricted or damagedastegate poppet valve.
1 Foreign material.
1 Excessive coking.
t If a condition exists
Repair the condition or replace the turbocharger as necessary
p If none of the conditions exist
10. Replace the turbocharger

P0299
1. Verify the conditions listed below dmt exist:
1 Loose clamps, cracks or other damage in the air intake duct system
1 Collapsed intake duct system
1 Debris or restrictions in the intake duct system, including the air cleaner dirty side
M Restricted or aftermarket air filter
1  Any air flow restriction
1 Any air leak between the turbocharger and the throttle body, including the charge air cooler assembly
1  Splits, kinks or improper connections at the vacuum hoses
1  Anyvacuum leak
1 Restricted, leaking or incorrect routing of hoses going to the componentd listow:
C Turbocharger wastegate solenoid valve
C Turbocharger bypass solenoid valve
C Intake manifold and turbocharger vacuum reservoir on the bottom of intake manifold
C Turbocharger
C Turbocharger wastegate actuator
C Turbocharger bypass valve
1 Exhaust leak betweethe turbocharger and the exhaust manifold
i Loose or incorrect installation of any components
i Evidence of oil contamination in the wastegate solenoid valve and/or vacuum hoses
Refer to Intake Manifold Cleaning and Inspection for inspection of the positirikcase ventilation (PCV)
diaphragm andatheck valve.
i Increased or excessive crankcase pressure
Refer to Engine Compression Test for additional diagnosis.
t If a condition exists
Repair or replace the affected component as necessary.
p If none of the conditions exist
Note:
The hose is attached between the turbocharger inlet and the Q42 Turbocharger Wastegate S
Valve.
2. Ignition Off, disconnect the turbocharger wastegate solenoid valve hose at the turbocharger and apply(H8 kPa
inches Hg) of vacuum to the hose with the -GE&738A. Ignition On.
3. Verify the pressure decreases to 0 kPa (0 inches Hg) when commanding the Turbocharger Wastegate Solenoid
Valve to 15 % with a scan tool.
t If the pressure does not decrease to 0 kPa (0 inches Hg)
Test or replace the Q42 Turbocharger Wastegate Solenoid Valve
p If the pressure decreases to 0 kPa (0 inches Hg)
4. Connect the turbocharger wastegate solenoid valve hose to the turbocharger.
5. Digonnect the wastegate solenoid valve hose from the turbocharger wastegate actuator and connect the
exhaust/pressure port of the GB3738A, or a suitable hand pressure pump, to the actuator.
6. Verify the wastegate actuator rod moves when applying prestuthe actuator.
t If the actuator does not move
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Replace the turbocharger
p If the actuator moves
7. Disconnect the Q40 Turbocharger Bypass Solenoid Valve vacuum hose at the turbocharger bypass valve on the
turbocharger.
8. Connect the GR3738A to thehose.
9. Idle engine for at least 15 s.
10. Engine Off, ignition On.
11. Verify the vacuum decreases to 0 kPa (0 inches Hg) when engine is turned Off and increases to greater than 45
kPa (13 inches Hg) for at least 5 s when the Turbocharger Bypass &Malva is commanded On with a scan tool.
t If not within the specified range

Note:
The vacuum reservoir (tank) is integral to intake manifold and is located underneath the manif

11.1. Ignition Off, disconnect the vacuum hose from the turbochavgeuum reservoir.
11.2. Connect the GR3738A to the vacuum reservoir and apply 34 kPa (10 inches Hg) of vacuum.
11.3. Verify the reservoir holds vacuum for at least 10 s.

t If the vacuum is not held for at least 10 s

Replace the intake manifold

p If the vacuum is held for at least 10 s
11.4. Reconnect the vacuum hose to the turbocharger vacuum reservoir.
11.5. Disconnect the vacuum hose that runs between the intake manifold and the Q40 Turbocharger Bypass
Solenoid Valve hose at the intake manifold andreect the GE23738A to the hose.

Note:
Allow engine idle to stabilize before continuing.

11.6. Engine idling, verify the vacuum is greater than 45 kPa (13 inches Hg).
t If 45 kPa (13 inches Hg) or less
Replace the intake manifold
p If greater than 45 kPa (13 inches Hg)
11.7. Connect the GR3738A to the output port on the Q40 Turbocharger Bypass Solenoid Valve.

Note:
The Q40 Turbocharger Bypass Solenoid Valve is supplied with vacuum from both the
manifold and the vacuumeservoir at idle. The vacuum supply hose from the intake manifold 1
be disconnected before proceeding, to allow vacuum to bleed off when changing command st

11.8. Engine idling, command the Turbocharger Bypass Solenoid Valve On and Off wittoalsca
11.9. Verify the vacuum toggles between 0 kPa (0 inches Hg) to greater than 45 kPa (13 inches Hg).
t If not within the specified range
Test or replace the Q40 Turbocharger Bypass Solenoid Valve
t If within the specified range
Replace the vacuuniine between the Q40 Turbocharger Bypass Solenoid Valve and the
turbocharger bypass valve.
p If within the specified range
12. Verify the conditions listed below do not exist.
1 Insufficient preload between the wastegate lever and actuator rod.
i Cracked odamaged turbine blades.
i Worn turbine blades due to contact with housing.
Note:
Excessive oil is not necessarily an indication of turbocharger failure.

i Oil intrusion in turbocharger, hoses or charge air cooler. Refer to Turbocharger Cleaning anddnspecti
i Restricted wastegate, turbine, ports or passages.
i Foreign material.
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Damaged or restricted bypass valve assembly.
Missing, restricted or leaking exhaust components. Refer to Symptoms Engine Exhaust
Restricted turbocharger oil supply line
Restrictedcharge air cooler
If a condition exists
Repair or replace the turbocharger as necessary
p If none of the conditions exist
13. Replace the turbocharger.

- =a=a .

8.2.3.41.12. Component Testing

Static Test

1. Ignition Off, disconnect the harness connector at the appropriakensid Valve.
2. Testfor2es T m 0S0G6SSy GSN¥YAYLEE M FYR GSNYAYLFE W 2F
t Ifnotbetween2B6H T Mm
Replace the solenoid Valve.
plfbetween26H T m
3. AllOK

Dynamic Test
1. Install a 10 A fused jumper wire between the Ignition terminan® 12 V. Install a jumper wire between the

control terminal 1 and ground.

2. Verify the solenoid clicks.

t If the solenoid does not click
Replace the solenoid Valve.

p If the solenoid clicks

3. All OK

8.2.3.41.13. Repair Instructions

Performthe Diagnostic Repair Verificati@fter completing the repair.

1 Charge Air Bypass Regulator Solenoid Valve Replacéondutbocharger bypass solenoid valve replacement.
1 Intake Manifold Replacement
1  Turbocharger Replacement
1 Turbocharger Wastegate Regulat®olenoid Valve Replacemdir turbocharger wastegate solenoid valve
replacement.
1  Control Module Referencder ECM replacement, programming and setup
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8.2.3.42. DTC P0236

8.2.3.42.1Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.42.2DTC Descriptor

DTC P0236
Turbocharger Boost Sensor Performance

8.2.3.42.3CircuitDescription

The boost pressure sensor is integrated with the turbocharger boost/intake air temperature sensor. The boost
pressure sensor measures the range of pressures between the turbocharger and the throttle body. The sensor used
on this engine is a tlee atmosphere sensor. Pressure in this portion of the induction system is affected by engine
speed, throttle opening, turbocharger boost pressure, Intake air temperature (IAT), barometric pressure (BARO), and
the efficiency of the charge air cooler.

The €nsor provides a signal voltage to the engine control module (ECM), relative to the pressure changes. Under
normal operation the greatest pressure that can exist in this portion of the induction system at ignition ON, engine
OFF is equal to the BARO. Wliea engine is operated at wideopen throttle (WOT) the turbocharger can increase the
pressure to near 240 kPa (34.8 psi). The pressure is equal to the BARO when the engine is idling or decelerating.

8.2.3.42.4Conditions for Running the DTC

il

=A =4 =4 =9
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DTC P0096, P0097, P0098162, P0103, P0O107, PO108, PO111, P0112, PO113, PO116, PO117, P0118, P0119, P0128,
P0237, P0238, P0335, P0336, P2227, P2228, P2229, or P2230 is not active.

Engine speed is between 400000 RPM.

Engine Coolant Temperature (ECT) is betw&en +125°C (18¢257°F).

Intake Air Temperature (IAT) is betwe@® to +125°C-4 to +257°F).

The DTC runs continuously when the above conditions have been met.

OR

DTC P0106, P0107, P0108, P0237, P0238, P2227, P2228, P2229, P2230, or P2610 s not active.
DTC P0107, P010B0237, P0238, P2228, or P2229 is not pending.

Ignition is ON.

Engine is OFF

The time between current ignition cycle and the last time the engine was running is greater than 6 s.
The DTC runs continuously when the above conditions have been met.

8.2.3.42.5Conditions for Setting the DTC

1

The ECM detects that various combinations of Turbocharger Intake Flow Rationality Diagnostic Failure models,
derived from engine speed, the BARO sensor, the MAF sensor, the MAP sensor, the throttle position sensor and the
turbocharger boost pressure sensor have failed when the engine is running.

OR

The ECM detects that the boost pressure sensor signal is less than 50 kPa (7.3 psi) or greater than 115 kPa (16.7 psi)
when the ignition is ON and the engine is NOT rotating.

8.2.3.42.6Adion Taken When the DTC Sets

1 DTC P0236isa Type BDTC.
1 The ECM will disable boost control and limit the system to mechanical boost only, resulting in a substantial decrease
in engine power.
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8.2.3.42.7Conditions for Clearing the MIL/DTC

DTC P0236 is a Type B DTC.

8.2.3.42.8Diagnostic Aids

il

The charge air cooler is connected to the turbocharger and to the throttle body by flexible duct work that requires the
use of special high torque fastening clamps. These clamps cannot be substituted. In order to prevent any type of air
leak when servicing the duct work, the tightening specifications and proper positioning of the clamps is critical, and
must be strictly adhered to.

Use a smoke generating device or a solution of dish soap and water in a spray bottle to pinpoint any s@pected
leaks in the induction system and in the charge air cooler assembly.

8.2.3.42.9Reference Information

Schematic Reference
Engine Controls Schematics
Connector End View Reference
Component Connector End Views
Description and Operation
Turbocharger Systefescription
Electrical Information Reference
1 Circuit Testing
1  Connector Repairs
1  Testing for Intermittent Conditions and Poor Connections
1  Wiring Repairs
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
ControlModule Referencefor scan tool information

8.2.3.42.10. Circuit/System Verification

1. Verify that DTC P0641 is not set.
t Ifthe DTC is set
Refer to DTC P0641, P0651, P0697, or PO6A3.
p If the DTC is not set
2. If you were sent here from DTC P0068, P0101, P01081P&1P1101, refer to Circuit/System Testing.
3. Ignition ON.
4. Verify the scan tool Throttle Body Idle Airflow Compensation parameter is less than 90%.
t 90% or greater
Refer to Throttle Body Inspection and Cleaning.
p If less than 90%
5. Verify thescan tool Throttle Position Sensors 1 and 2 Agree/Disagree parameter displays Agree while performing
the Throttle Sweep Test with a scan tool.
t If Disagree
Refer to DTC P010123, P0222, P0223, or P2135.
p If Agree
6. Verify the scan tool BARO parametewithin the range specified in the Altitude Versus Barometric Pressure table,
for the current vehicle testing altitude.
t BARO is notinrange
Refer to DTC P22272230.
p BARO is within range
7. Verify the scan tool MAP Sensor pressure and BARO paranaetewithin 3 kPa (0.4 psi) .
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t The parameters are not within 3 kPa (0.4 psi).
Refer to DTC P0106.
p The parameters are within 3 kPa (0.4 psi).
8. Engine idling.
9. Verify the scan tool MAP Sensor pressure parameter is betweeb22kPa (3.87.5 psi) andchanges with
accelerator pedal input.
t If not between 2652 kPa (3.87.5 psi) or does not change
Refer to DTC P0106.
p If between 2652 kPa (3.87.5 psi) and changes
10. Verify the scan tool MAF Sensor g/s parameter changes smoothly and graduallyeagittfeespeed is increased
and decreased while performing the actions listed below.
10.1. Engine idling
10.2. Perform the scan tool snapshot function.
10.3. Increase the engine speed slowly to 3,000 RPM and then back to idle.
10.4. Exit from the scan toohapshot and review the data.
10.5. Observe the MAF Sensor parameter frame by frame with a scan tool.
t The MAF Sensor parameter does not change smoothly and gradually
Refer to DTC P0101.
p The MAF Sensor parameter changes smoothly and gradually
11. Verifythe scan tool Boost Pressure Sensor pressure and BARO parameters are within 3 kPa (0.4 psi) .
t The parameters are not within 3 kPa (0.4 psi).
Refer to Circuit/System Testing
p The parameters are within 3 kPa (0.4 psi).
12. Verify the scan tool MAP Sengarameter and the Boost Pressure Sensor parameter are within 20 kPa (2.9 psi)
during a WOT acceleration at the time of th& khift.
t The parameters are not within 20 kPa (2.9 psi)
Refer to Circuit/System Testing.
p The parameters are within 20 kPa (2p8i)
13. Operate the vehicle within the Conditions for Running the DTC. You may also operate the vehicle within the
conditions that you observed from the Freeze Frame/Failure Records data.
14. Verify a DTC does not set.
t IfaDTC sets
Refer to Circuit/Syem Testing.
p If a DTC does not set
15. All OK.

8.2.3.42.11. Circuit/System Testing

1. Verify that DTC P0237 or P0238 is not set.
t IfaDTCis set
Refer to DTC P0237 or P0238.
p If none of the DTCs are set
2. Verify the conditions listed below do not exist:
Loose dmps, cracks, or other damage in the air intake duct system
Collapsed or restricted air intake duct system
Restricted air filter
Splits, kinks or improper connections at the vacuum hoses
Missing, restricted or leaking exhaust componentfRefer toSymptomsEngine Exhaust.
Vacuum leaks at the intake manifold and throttle body
t+ If a condition exists
Repair as necessary.
p If none of the conditions exist
3. Replace the B111B turbocharger boost/intake air temperature sensor.

= =4 =4 -8 - =9

8.2.3.42.12. Repair Instructions
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Perform theDiagnostic Repair Verificaticafter completing the repair.
1 Intake Air Pressure and Temperature Sensor Replacefoetirbocharger boost/intake air temperature sensor
replacement.
1  Control Module Referencder engine control module replacement, programmiagd setup
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8.2.3.43. DTC P0237 or P0238

8.2.3.43.1Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.43.2DTC Descriptors

DTC P0237

Turbocharger Boost Sensor Circuit Low Voltage

DTC P0238

Turbocharger Boost Sensor Circuit High Voltage

8.2.3.43.3Diagnostic Fault Information

VANDERHALL

Circuit Short to Ground | Open/High Short to Signal
Resistane Voltage Performance
5V Reference P0236, P0237, | P0236, P0237,/ P0236, P0238, P0236
P0340, P0365, pP2227 P0453, P0641,
P0452, P0532, p2227
P0641, P2227
Intake Air Pressure Signal P0236, P0237, | P0236, P0237,/ P0236, P0238, P0236
p2227 pP2227 p2227
Low Reference - P0098, P0236, - -
P0238, P2227
8.2.3.43.4Typical Scan Tool Data
Boost Pressure Sensor
Circuit Short to Ground Open Short to
Voltage
5V Reference 0 kPa (0 psi) 0 kPa (0 psi) 269 kPa (39 psi
Boost Pressure Signal 0 kPa (0 psi) 0 kPa ((psi) 269 kPa (39 psi
Low Reference - 267 kPa (38.7 psi -

8.2.3.43.5Circuit Description

The boost pressure sensor is integrated with the turbocharger boost/intake air temperature sensor. The boost
pressure sensor measures the range of pressures between the turbocharger and the throttle body. The sensor used
on this engine is a three atmospleesensor. Pressure in this portion of the induction system is affected by engine
speed, throttle opening, turbocharger boost pressure, intake air temperature (IAT), barometric pressure (BARO), and
the efficiency of the charge air cooler.

The sensor provies a signal voltage to the engine control module (ECM), relative to the pressure changes. Under
normal operation the greatest pressure that can exist in this portion of the induction system at ignition ON, engine
OFF is equal to the BARO. When the engiraperated at wideopen throttle (WOT) the turbocharger can increase the
pressure to near 240 kPa (34.8 psi). The pressure is equal to the BARO when the engine is idling or decelerating.
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8.2.3.43.6Conditions for Running the DTC

9 Ignition is ON or the engine is rungi
1  The DTCs run continuously when the above conditions have been met.

8.2.3.43.7Conditions for Setting the DTC

P0237

The ECM detects that the boost pressure sensor voltage is less than 1.0 V for greater than 5 s.
P0238

The ECM detects that the boost pressure sengitage is greater than 4.7 V for greater than 5 s.

8.2.3.43.8Action Taken When the DTC Sets

1 DTCs P0237 and P0238 are Type B DTCs.
1 The ECM will disable boost control and limit the system to mechanical boost only, resulting in a substantial decrease
in enginepower.

8.2.3.43.9Conditions for Clearing the MIL/DTC
DTCs P0237 and P0238 are Type B DTCs.
8.2.3.43.10. Reference Information

Schematic Reference
Engine Controls Schematics
Connector End View Reference
Component Connector End Views
Description and Operation
Turbocharger Systefescription
Electrical Information Reference
1 Circuit Testing
1  Connector Repairs
1  Testing for Intermittent Conditions and Poor Connections
1  Wiring Repairs
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control Module Referencder scan tool information

8.2.3.43.11. Circuit/System Verification

1. Verify that DTC P0641 is not set.
t Ifthe DTC is set
Refer to DTC P0641, P0651, P0697, or PO6A3.
p If the DTC is not set
2. Verify the scan tool BARO parameter is withi@ tange specified in thaltitude Versus Barometric Pressuable,
for the current vehicle testing altitude.
t BARO is notin range.
Refer to DTC P2227P2230.
p BARO is within range.
3. Verify the scan tool Boost Pressure Sensor pressure and jg&kB®eters are within 3 kPa (0.4 psi).
t The parameters are not within 3 kPa (0.4 psi).
Refer to Circuit/System Testing.
p The parameters are within 3 kPa (0.4 psi).
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4. Verify the scan tool MAP Sensor parameter and the Boost Pressure Sensor parametighiardOakPa (2.9 psi)
during a WOHRcceleration at the time of the-2 shift.
t The parameters are not within 20 kPa (2.9 psi).
Refer to Circuit/System Testing.
p The parameters are within 20 kPa (2.9 psi).
5. Operate the vehicle within the Conditions fBunning the DTC. You may also operate the vehicle within the
conditions that yowbserved from the Freeze Frame/Failure Records data.
6. Verify a DTC does not set.
t Ifthe DTC sets
Refer to Circuit/System Testing.
p If the DTC does not set
7. All OK.

8.2.3.43.12. Circuit/System Testing

1. Ignition OFF, and all vehicle systems OFF, disconnect the harness connector at the B111B turbocharger boost/intake air
temperature sensor. It may take up to 2 minutes for all vehicle systems to power down.
2. Testforlessthan® 06 SG6SSy (KS tf2¢6 NBFSNBYyOS OANDdAG GSN¥YAYLFEE wm FYyR
t LT p m 2NJ INBFGSNI
2.1. Ignition OFF, disconnect the X1 harness connector at the K20 engine control module.
HOHD ¢S&ad T2N £8aa GKIYy H m AY (GKS t26 NBFSNBYyOS OANDdz
t LT w  m , fephlr BeNdBdn/bighKdsistance in the circuit.
t LT €834 GKFY W mX NBLXFOS GKS Yuwn Sy3aiaysS O2yiNRf VY2
pLT t8aa (KLY p m
3. Ignition ON.
4. Test for 4.85.2 V between the 5 V reference circuit terminal 3 and ground.
t Iflessthan 4.8V
4.1. Ignitim OFF, disconnect the X1 harness connector at the K20 engine control module.
4.2. Test for infinite resistance between the 5 V reference circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resisance
ndod ¢Sad FT2NIfSaa GKIYy H m Ay (GKS p = NBFSNByOS OANDdz
t If 2mor greater, repair the open/high resistance in the circuit.
t LT £8484a GKIEY W mZ NBLIELFOS GKS Yun Sy3aaysS O2yiNRftf Y2
Note:
If the signal circuit is shorted to a voltatje engine control module or the sensor may be damag

t If greater than 5.2V
4.1. Ignition OFF, disconnect the X1 harness connector at the K20 engine control module, ignition ON.
4.2. Test for less than 1 V between the 5 V reference circuit and ground
t If 1V or greater, repair the short to voltage on the circuit.
t Ifless than 1V, replace the K20 engine control module.
p If between 4.85.2 V
5. Verify the scan tool Boost Pressure Sensor voltage parameter is less than 0.2 V.
t If 0.2V or greater
5.1. Ignition OFF, disconnect the X1 harness connector at the K20 engine control module, ignition ON.
5.2. Test for less than 1 V between the signal circuit terminal 4 and ground.
t If 1V or greater, repair the short to voltage on the circuit.
t Iflessthan 1V, replace the K20 engine control module.
pIflessthan 0.2V
6. Install a 3 A fused jumper wire between the signal circuit terminal 4 and the 5 V reference circuit terminal 3.
7. Verify the scan tool Boost Pressure Sensor voltage parameperater than 4.5 V.
t If45Vorless
7.1. Ignition OFF, remove the jumper wire, disconnect the X1 harness connector at the K20 engine control module.
7.2. Test for infinite resistance between the signal circuit terminal 4 and ground.
t If less than infiite resistance, repair the short to ground on the circuit.
p If infinite resistance
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Thod ¢Said F2N) £Saa Ky H m Ay GKS aAradylrt OANDdAG SyR (2
t If 2mor greater, repair the open or high resistance in the circuit.
t If less than 2w, replace the K20 gine control module.
p If greater than 4.5V

8. Test or replace the B111B turbocharger boost/intake air temperature sensor.

8.2.3.43.13. Repair Instructions

Perform the Diagnostic Repair Verification after completing the repair.

Intake Air Pressure and Temperature SanReplacement for turbocharger boost/intake air temperature sensor replacement
Control Module References for ECM replacement, programming, and setup
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8.2.3.44.1Diagnostic Instructions

DTC P0243, P0245, or P0246

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.44.2DTC Descriptors

DTC P0243

Turbocharger Wastegate Solenaidlve Control Circuit

DTC P0245

Turbocharger Wastegate Solenoid Valve Control Circuit Low Voltage

DTC P0246

Turbocharger Wastegate Solenoid Valve Control Circuit High Voltage

8.2.3.44.3Diagnostic Fault Information

VANDERHALL

Circuit Short to Ground | Open/High Shortto Signal
Resistance Voltage Performance
Ignition Voltage Circuit P0030, P0034, | P0030, PO033, - -
P0036, P0134, | P0034, P0036,
P0135, P0245, | P0134, PO135,
P0443, P0598* | P0140, P0141,
P0243, P0245,
P0443, P0597
Control Circuit P0245 P0243 P0010, P0013, P0243
P0246, P0443,
P0690
* |gnition fuse opens.
8.2.3.44.4Circuit/System Description
¢KS . 2NH2I NYSNM RdzZlf &ONRff (dzNDb2OKINHSNI AyO2NLER2NI (54

determined by the engine control module (ECM) by means of a pulsth wiiddulation (PWM) solenoid, in order to
regulate the pressure ratio of the compressor. A charge air bypass valve also controlled by the ECM by utilizing a remotely
mounted solenoid is integrated into the bypass valve to prevent compressor surging arabeldnom vibrations by
opening during abrupt closed throttle conditions. When the bypass valve is open during closed throttle deceleration
conditions, the bypass valve allows the air to recirculate in the turbocharger and maintain compressor speedaWithin
calibrated range during the closed throttle event, or upon a wide open throttle command the bypass valve will then close
to optimize turbo response. The turbocharger wastegate actuator has the following circuits:

1 Ignition voltage
1 Turbocharger wastegatsolenoid control

At idle the turbocharger wastegate solenoid parameter is commanded to 0% by the ECM. When the engine load and RPM
first increases under a wide open throttle, the turbocharger wastegate solenoid parameter should briefly be commanded
as grat as 9@ 100%. When the proper level of boost pressure is attained, the ECM will decrease the PWM of the solenoid
to a range of 66§85%. As soon as the throttle closes the ECM will command the turbocharger wastegate solenoid
parameter back to 0%, in ordé&v allow the turbocharger waste gate to open from the air pressure ratio differential, there

by reducing the speed of the turbine.

8.2.3.44.5Conditions for Running the DTC

1 Ignition ON or engine running.
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1 The battery voltage is between 432 V.
1 This DTC runs continusly within the enabling conditions.

8.2.3.44.6Conditions for Setting the DTC

The ECM detects an open, a short to ground, or a short to voltage on the turbocharger wastegate solenoid control
circuit for greater than 0.5 s.

8.2.3.44.7Action Taken When the DTC Sets

DTCs P024%0245 and P0246 are Type B DTCs.
8.2.3.44.8Conditions for Clearing the DTC

DTCs P0243, P0245 and P0246 are Type B DTCs.
8.2.3.44.9Reference Information

Schematic Reference
Engine Controls Schematics
Connector End View Reference
Component Connector End Views
Descriptionand Operation
Turbocharger System Description
Electrical Information Reference
1  Circuit Testing
1  Connector Repairs
i  Testing for Intermittent Conditions and Poor Connections
1 Wiring Repairs
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Defigi
Scan Tool Reference
Control Module Referencder scan tool information

8.2.3.44.10. Circuit/System Verification

1. Ignition ON
2. Verify a series of clicks, which increase in frequency, are heard or felt from the Q42 Turbocharger Wastegate
Solenoid Valve wheroenmanding the Turbocharger Wastegate Solenoid Valve betweeh06% with a scan tool.
t If a series of clicks in increasing frequency are not heard or felt
Refer to Circuit/System Testing.
p If a series of clicks in increasing frequency is heard or felt
3. Verify the parameters listed below do not display Malfunction when commanding the Turbocharger Wastegate
Solenoid Valve between £5%00 % with a scan tool.
1 Turbocharger Wastegate Solenoid Valve Control Circuit High Voltage Test Status
1 Turbocharger Wastede Solenoid Valve Control Circuit Open Test Status
1  Turbocharger Wastegate Solenoid Valve Control Circuit Low Voltage Test Status
t If Malfunction is displayed
Refer to Circuit/System Testing.
p If Malfunction is not displayed
4. Operate the vehicle withithe Conditions for Running the DTC. You may also operate the vehicle within the
conditions that you observed from the Freeze Frame/Failure Records data.
5. Verify a DTC does not set.
t IfaDTC sets
Refer to Circuit/System Testing
p If a DTC does not set
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6. All OK

257
REVISION1.0
RELEASE DAJE&6/2017



VeniceService Manual
Engine / Propulsion VANDERHALL

8.2.3.44.11. Circuit/System Testing

1. Ignition OFF, disconnect the harness connector at the Q42 Turbocharger Wastegate Solenoid Valve. Ignition ON.
2. Verify a test lamp illuminates between the ignition circuit terminal 2 and ground.
t If the test lamp doe not illuminate and the circuit fuse is good
2.1. Ignition OFF, remove the test lamp.
HOHD ¢Sad F2NJ £Saa KLY H m Ay GKS A3IyAdGAazy OANDdAG SyR
t If 2mor greater, repair the open/high resistance in the circuit.
t If less than 2w, verify the fusds not open and there is voltage at the fuse.
t If the test lamp does not illuminate and the circuit fuse is open
2.1. Ignition OFF, remove the test lamp.

Note: |
An internal short in any component supplied by the fuse may cause the fuse to open anbB®
when the component is activated.

2.2. Test for infinite resistance between the ignition circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
t If infinite resistance, test all components connected to ifpeition voltage circuit for a short and replace
as necessary.
p If the test lamp illuminates
3. Remove the test lamp.
4. Verify the scan tool Turbocharger Wastegate Solenoid Valve Control Circuit Low Voltage Test Status parameter is OK.
t If OK is not diplayed
4.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
4.2. Test for infinite resistance between the control circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
t If infinite resistance, replace the K20 Engine Control Module.
p If OK is displayed
5. Verify the scan tool Turbocharger Wastegate Solenoid Valve Control Circuit High Voltage Test Status parameter is OK.
t If OK is not displayed
5.1. Ignition OFF, discoect the harness connector at the K20 Engine Control Module, ignition ON.
5.2. Test for less than 1 V between the control circuit and ground.
t If 1V or greater, repair the short to voltage on the circuit.
t If less than 1V, replace the K20 Engine CoMuamlule.
p If OK is displayed
6. Install a 3 A fused jumper wire between the control circuit terminal 1 and the ignition circuit terminal 2.
7. Verify the scan tool Turbocharger Wastegate Solenoid Valve Control Circuit High Voltage Test Status parameter is
Malfunction.
t If Malfunction is not displayed
7.1. Ignition OFF, remove the jumper wire, disconnect the harness connector at the K20 Engine Control Module.
TOHD ¢Sad F2NJ £ Saa GKFY W m Ay GKS O2yi{iNRf OANDdzAG SyR
t If 2mor greater, repair the op@high resistance in the circuit.
t If less than 2w, replace the K20 Engine Control Module.
p If Malfunction is displayed
8. Test or replace the Q42 Turbocharger Wastegate Solenoid Valve.

8.2.3.44.12. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.
Control Module Referencder ECM replacement, programming and setup
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8.2.3.45. DTC P0O25A (Chassis Control Module)
8.2.3.45.1Diagnostic Instructions
o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.45.2DTC Descriptor

DTC P0O25A
Fuel Pump Control Module Enable Circuit

8.2.3.45.3Diagnostic Fault Information

Circuit Short to Ground Open/High Short to Signal
Resistance Voltage Performance
Control P0O25A P0O25A - PO25A

8.2.3.45.4Circuit/System Description

The engine control module (ECM) supplies voltage to the chassis control module when the ECM detects that the
ignition is on. The voltage from the ECM to the chassis control module remains active for 2 seconds, unless the engine
is in crank or run. While th voltage is being received, the chassis control module supplies a varying voltage to the
fuel tank pump module in order to maintain the desired fuel line pressure.

8.2.3.45.5Conditions for Running the DTC
The ignition is ON.
8.2.3.45.6Conditions for Setting the DTC

Theserial data message from the ECM to the chassis control module does not agree with the state of the control
enable voltage signal supplied from the ECM to the chassis control module for more than 2 seconds.

8.2.3.45.7Action Taken When the DTC Sets
DTC P025A is apeyA DTC.

8.2.3.45.8Conditions for Clearing the DTC
DTC P025Ais a Type A DTC.

8.2.3.45.9Diagnostic Aids

The component code for the chassis control module will be K38. The chassis control module name will be used in
Service Information, the Global Diagnostic System an&#rgice Programming System.

8.2.3.45.10. Reference Information

Schematic Reference

Engine Controls Schematics
Connector End View Reference

Component Connector End Views
Description and Operation

Fuel System Description
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Electrical Information Reference
1  Circuit Testing
1  Connector Repairs
1  Testing for Intermittent Conditions and Poor Connections
1  Wiring Repairs
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control Module Referencder scan tool information

8.2.3.45.11. Circuit/System €sting

Note:
Verify that the fuel tank is not empty. Only perform this diagnostic if there is at least 2 gallg
fuel in the fuel tank. Clear the DTC, and start and run the engine. Verify that the DTC resets
proceeding with the circuit systeesting. If the DTC does not reset, refer to diagnostic aids.

1. Ignition OFF and all vehicle systems OFF, disconnect the harness connector at the K38 Chassis Control Module,
ignition ON.
2. Connect a test lamp between the control circuit terminal 20 graind.
3. Verify the test lamp turns ON and OFF when commanding the fuel pump ON and OFF using the scan tool ECM fuel
pump enable control function.
t If the test lamp is always OFF
3.1. Ignition OFF, disconnect the harness connector at the K20 engitrelcandule.
3.2. Test for infinite resistance between the control circuit and ground.
t+ If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance
odod ¢Sad F2NI £Saa 0GKIFIY H m Ay GKS O2yiNRt OANDdzAG S
+ If 2mor greater, repair the open/high resistance in the circuit.
t If less than 2w, replace the K20 engine control module.
t If the test lamp is always ON
3.1. Ignition OFF, disconnect the harness connector at the K20 engine control module, ignition ON.
3.2. Test for less than 1 V between the control circuit and ground.
+ If 1V or greater, repair the short to voltage on the circuit.
t Ifless than 1V, replace the K20 engine control module.
p If the test lamp turns ON and OFF
4. Test or replace the KZBhassis Control Module.

8.2.3.45.12. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.
Control Module Referencder ECM or chassis control module replacement, programming and setup
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8.2.3.46. DTC P030€0304
8.2.3.46.1Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.46.2DTC Desgqrtors

DTC P0300

Engine Misfire Detected
DTC P0301

Cylinder 1 Misfire Detected
DTC P0302

Cylinder 2 Misfire Detected
DTC P0303

Cylinder 3 Misfire Detected
DTC P0304

Cylinder 4 Misfire Detected

8.2.3.46.3Circuit/System Description

The engine control module (ECM) uses information from the crankshaft position sensor and the camshaft position
sensor to determine when a engine cylinder misfire is occurring. By monitoring variations in the crankshaft rotation
speed for each cylinder, tHeCM can detect individual cylinder misfire events.

Extreme cylinder misfire events can cause catalytic converter damage. The malfunction indicator lamp (MIL) will flash
when the conditions for catalytic converter damage are present. DTCs P0301 tH#089H4 correspond to cylinders 1
through 4. When the ECM detects that one or more specific cylinders are misfiring, the DTC for the respective
misfiring cylinder will set and up to 2 of the corresponding fuel injectors are disabled for a minimum of 8ECNMh

will then reenable the fuel injector and, after approximately 200 engine revolutions, will determine if the misfire is
still present. If the misfire is still present, the ECM will disable the fuel injector again repeating the process. If the
misfireis not present, the fuel injector will remain enabled by the ECM. In Spark Ignition Direct Injection (SIDI) system
applications, if a fuel injector fault DTC is set during a misfire event, the ECM willermlike the injector.

8.2.3.46.4Conditions for Runningite DTC

1 DTCs P0016, P0101, P0102, PO103, P0112, PO113, P0117, PO118, P0121, P0122, P0123, P0222, P0223, P0315, P0O335,
P0336, P0502, PO651, and P2135 are not set.

The engine speed is greater than 1000 RPM.

The crankshaft and camshaft are syncronized.

The igiition voltage is between 118 V.

¢KS SyaaysS 022t yd GSYLISNI GdzNE 69/ ¢0 aSyaz2Nl Aa o0SigSSy
The A/C compressor clutch is not changing states.

The fuel tank level is greater than 15%.

The ECM is not in fuel cutoff or deceleratioiel cutoff mode.

The ECM is not receiving a rough road signal.

The throttle angle is steady within 5%.

The throttle angle is greater than 3% when the vehicle speed is greater than 5 km/h (3 MPH).

The transmission is not changing gears.

The antilock braksystem (ABS) and the traction control system , if equipped, is not active.

The DTCs run continuously when the above conditions are met.

E R I R R B e e e R
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8.2.3.46.5Conditions for Setting the DTC

P0300
The ECM detects a crankshaft rotation speed variation indicating a misfireuféitéent to cause emissions
levels to exceed a predetermined value or a misfire rate high enough to cause catalyst damage.
P0301, P0302, P0O303, or P0304
The ECM detects a crankshaft rotation speed variation indicating a single cylinder misfiseffaient to
cause emissions levels to exceed mandated standards.

8.2.3.46.6Action Taken When the DTC Sets

1 DTCs P0300, P0301, P0302, P0303 and P0304 are Type B DTCs.
1 The malfunction indicator lamp (MIL) will flash when the conditions for catalytic converter daanageesent.

8.2.3.46.7Conditions for Clearing the DTC
DTCs P0300, P0301, P0302, P0303 and P0304 are Type B DTCs.

8.2.3.46.8Diagnostic Aids

1 A misfire DTC could be caused by an excessive vibration from sources other than the engine. Inspect for the following
possible source
C A tire or wheel that is out of round or out of balance

Variable thickness brake rotors

An unbalanced drive shaft

Certain rough road conditions

Transmission operation

Cracked Spark Plug Insulators

Broken or weak valve spring

A damaged or defective accesdl® RNA @S O02YLRyYySyid 2N o6Stia*x NBY2¢9S GKS o

evaluate if misfire counts go away.

1 High resistance in the circuits of the injectors may set a misfire DTC without setting an injector DTC. Test the injector
circuits of the affeted cylinder(s) for a high resistance if you suspect a condition.

1 If the condition is intermittent, observing the scan tool IC Circuit Test and Fuel Injector Circuit Test Status parameters
may help isolate the condition. The circuit test status parametgischange from OK or Not Run to
Fault/Malfunction if a condition exists.

1 A condition in the heated O2 sensor (HO2S) heater control circuits may set a DTC P0300.

NN NDHA NN NN

8.2.3.46.9Reference Information

Description and Operation
1  Electronic Ignition System Description
1  FuelSystem Description
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control Module Referencder scan tool information
Special Tools
EL 26792 HEI Spark Tester
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8.2.3.46.10. Circuit/System Verification

Note:
Beforestarting the engine, review the freeze frame failure records data to determine if the mi
sets during a cold start or at operating temperature. If there is a cold start condition and the e
is started, the engine will need to be cooled down beftine next attempt to start the engine
within the fail conditions.

1. Engine Running at normal operating temperature.
2. Verify there is no abnormal engine noise.
t If abnormal engine noise is present
Refer toSymptoms Engine Mechanical.
p If abnormal engne noise is not present
3. Perform the scan todlrankshaft Position System Variation Lepnocedure.
4. Verify no DTCs are set.
t If any DTCs other than PO3QR0304 are set
Refer toDiagnostic Trouble Code (DTC) List Vehicle.
+ If DTC PO30P0304 is set
Refer to Circuit/System Testing.
p If no DTCs are set
5. Verify the scan tool Cylinde¢4 Current Misfire Counter parameters do not increment.
t If increments
Refer to Circuit/System Testing.
p If does not increment
6. Engine Running, perform the Cylinékawer Balance Test with a scan tool.
7. Verify the engine speed changes when each injector is disabled and then enabled.
t If engine speed does not change
Refer to Circuit/System Testing.
p If engine speed does change
8. Operate the vehicle within the Cditions for Running the DTC. You may also operate the vehicle within the
conditions that you observed from the Freeze Frame/Failure Records data.
9. Verify the DTC does not set.
t If the DTC sets
Refer to Circuit/System Testing.
p If the DTC does not set
10. All OK.

8.2.3.46.11. Circuit/System Testing

1. Verify none of the following conditions listed below exist:
1 Damage, carbon tracking, or fluid intrusion of the spark plug boots and/or spark plugs
1 Vacuum hose splits, kinks, and incorrect connections
1 Engine vacuum leak
1 Crankcase ventilation system for vacuum leaks
1  Fuel pressure that is too low or too higliRefer to Fuel System Diagnosis.
1 Contaminated fual Refer to Alcohol/Contaminardg-Fuel Diagnosis.
1  Exhaust system restrictions
t If a condition exists
Repair oreplace as necessary.
p If no conditions exist

Note:
An erratic or weak spark is considered a no spark condition.
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2. Ignition OFF, remove the K35 Ignition Coil Module from the spark plugs and connect the EL 26792 HEI Spark Tester
to the appropriate spek plug boot, engine Cranking.
3. Verify the spark output.
t If no output or the output is weak
Refer to Electronic Ignition System Diagnosis.
p If the output is good
4. Ignition OFF.
5. Verify the conditions listed below. Referltmition SystenSpecifications.
1 The correct spark plug type
1  The correct spark plug gap
1  The correct spark plug torque
t If a condition exists
Repair or replace as necessary.
p If no conditions exist
6. Exchange the suspect spark plug with another cylinder that is operatinectly.
7. Engine Running.
8. Verify the scan tool Cylinder4 Current Misfire Counter does not increment for the cylinder where the suspect
spark plug was installed.
t If increments
Replace the spark plug.
p If does not increment
9. Test or inspecbf the conditions listed below:
1 Alean or rich Q17 Fuel InjectoRefer toFuel Injector Diagnosis.
1  An engine mechanical conditiorRefer toSymptoms Engine Mechanical.

8.2.3.46.12. Repair Instructions

1 Ignition Coil Replacement
1 Spark Plug Replacement

8.2.3.46.13. RepairVerification

1. Install any components or connectors that have been removed or replaced during diagnosis.
2. Perform any adjustment, programming or setup procedures that are required when a component or module is
removed or replaced.
3. Clear the DTCs.
4. Turn OFF the ignition for 60 s.
5. If the repair was related to a DTC, duplicate the Conditions for Running the DTC and use the Freeze Frame/Failure
Records, if applicable, in order to verify the DTC does not reset. If the DTC resets or another DEGtjsgiesto
the Diagnostic Trouble Code (DTC) Vishicle and perform the appropriate diagnostic procedure.
6. Engine Running, verify the scan tool Cylindgr Current Misfire Counter parameters do not increment.
t If the misfire counter parameters inement, a misfire condition still exists.
7. To verify that the performance of the catalytic converter has not been affected by the condition that set this DTC,
perform the Repair Verification for DTC P0420. Ref@&T& P0420.
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8.2.3.47. DTC P0315
8.2.3.47.1Diagnostic Instactions
o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.47.2DTC Descriptor

DTC P0315
Crankshaft Position System Variation Not Learned

8.2.3.47.3Circuit/System Description
The crankshaft position variation learn feature is used to calculate reference period errors caused by slight tolerance
variations in the crankshaft, anthe crankshaft position sensor. The calculated error allows the engine control
module (ECM) to accurately compensate for reference period variations. This enhances the ability of the ECM to
detect misfire events over a wider range of engine speed anddoaditions.
The crankshaft position system variation compensating values are stored in ECM memory after a learn procedure has
been performed and the ignition switch is turned to the OFF position for at least 30 s. If the actual variation is not
within the crankshaft position system variation compensating values stored in the ECM, DTC P0300 may set.

If the crankshaft position system variation values are not stored in the ECM memory or a proper ECM power down
does not occur after completing the CrankshadsRion Learn Procedure, DTC P0315 sets.

8.2.3.47.4Conditions for Running the DTC

1 Engine is Running.
1 The DTC runs continuously when the above condition is met.

8.2.3.47.5Conditions for Setting the DTC
The ECM detects that the crankshaft position system variation valuesastored in memory.
8.2.3.47.6Action Taken When the DTC Sets
DTC P0315is a Type ADTC.
8.2.3.47.7Conditions for Clearing the DTC
DTC P0315is a Type ADTC.
8.2.3.47.8Diagnostic Aids

This test procedure requires that the vehicle battery has passed a load test and is completglgdchReferto
Battery Inspection/Test.

8.2.3.47.9Reference Information

DTC Type Reference

Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference

Control Module Referencder scan tool information
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8.2.3.47.10. Circuit/System Verification

1. Perform the scan todrankshaft Position System Variation Leanocedure.
2. Operate the vehicle within the Conditions for Running the DTC. You may also operate the vehicle within the
conditions that you observed in the Freeze Frame/Failure Recotds da
3. Verify the DTC is not set.
t If the DTC sets
Replace the K20 Engine Control Module.
p If the DTC does not set
4. All OK

8.2.3.47.11. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.
Control Module Referencder ECM rplacement, programming and setup
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8.2.3.48.

8.2.3.48.1Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.

DTC P0324, P0326, or PO6B6

0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.

o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.48.2DTC Descriptor

DTC P0324

Knock Sensor Module Performance

DTC P0326

Knock Sensor Performance

DTC P0O6B6

Control Module Knock Sensor Processor Performance

8.2.3.48.3Diagnostic Faultiformation

VANDERHALL

Circuit Short to Ground | Open/High Short to Signal
Resistance Voltage Performance
High Signal P0327, PO6B6 P0325 P0328 P0324*,
P0326**
Low Signal P0327 P0325 P0328 P0324*,
P0326**

* Signal Performance High
** Signal Performance Low

8.2.3.48.4Circuit/System Description

The knock sensor enables the engine control module (ECM) to control the ignition timing for the best possible
performance while protecting the engine from potentially damaging levels of detonation. The knock sensor produces
an aternating current (AC) voltage signal that varies depending on the vibration level during engine operation. The
ECM adjusts the spark timing based on the amplitude and the frequency of the knock sensor signal. The ECM learns a

minimum knock sensor noisevel for all of the engine speed ranges and monitors the normal knock sensor signal.
The ECM monitors the internal knock sensor processor test circuits which perform the open circuit diagnostic.

8.2.3.48.5Conditions for Running the DTCs
P0324 or P0326

1

il

ﬂ A 7 A

T ¢KS Ayudl 1S
AND

Engine speedsibetween 400 and 8,500 RPM.
Engine is running for greater than 2 s.
¢tKS Sy3aaysS 022t yi

G SYLISNI G dzNB
F ANJ GSYLISNI ( dzNB

1 Engine speed is 400 RPM or greater for 20fhore cumulative revolutions.

OR

1 Engine speed is 8,500 RPM or greater.
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1 Engine speed is between 500 and 5,500 RPM for 100 or more cumulative revolutions.
1 Engine is running for greater than 2 s.
The DTCs run continuously when the above conditionsreate
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8.2.3.48.6Conditions for Setting the DTCs

P0324
The ECM detects that the knock sensor signal performance is out of the normal calibrated range due to
excessive engine knock on a per cylinder basis.
P0326
The ECM detects that the knock sensor signal performanout of the normal calibrated range due to a
low signal level.
P0O6B6
The ECM has detected a fault in the knock sensor processor open circuit diagnostic internal test circuit.

8.2.3.48.7Action Taken When the DTCs Set

1 DTCs P0324, P0326, and P06B6, are Type B DTCs
1  The ignition timing is retarded to reduce the potential of engine damaging spark knock.

8.2.3.48.8Conditions for Clearing the DTCs
DTCs P0324, P0326, and P06B6 are Type B DTCs.
8.2.3.48.9Reference Information

Description and Operation

Electronic Ignition Syste@escription
DTC Type Reference

Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference

Control Module Referencder scan tool information

8.2.3.48.10. Circuit/System Verification

1. Engine Running
2. Verify DTC P0325, P0327, P0328 or PO6B6 $&ho
t IF DTC P0325, P0327, or P0328 is set with PO6B6

Refer to DTC P0325, P0327, or P0328.
t If only DTC P06BE6 is set

Replace the K20 Engine Control Module.
p If none of the DTCs are set
3. Ignition OFF.
4. Verify none of the conditions listed bel@xist:
B68 Knock Sensor or wiring harness damage.
Incorrect B68 Knock Sensor installation. Reféfdetener Tightening Specifications.
B68 Knock Sensor and engine mounting surface burrs, casting flash, and foreign material.
Close proximity of hoses, bragk, and engine wiring.
Loose brackets.
Loose or broken accessory drive belts, brackets, components.
An engine mechanical condition. ReferSpmptoms Engine Mechanical.

1 Contaminated or poor quality fuel.

t+ If a condition exists

Repair or replace asecessary.
p If no conditions exist
5. Operate the vehicle within the conditions for running the DTC. You may also operate the vehicle within the
conditions that yowbserved from the Freeze Frame/Failure Records data.
t If the DTC sets

Test or replace th&868 Knock Sensor.
p If the DTC does not set

=A =8 =4 -8 -4 -8 -9
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6. All OK.
8.2.3.48.11. Repair Instructions

Perform the Diagnostic Repair Verification after completing the repair.
Knock Sensor Replacement

Control Module References for engine control module replacement, programmingedngl.
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8.2.3.49. DTC P0325, P0327, or P0328
8.2.3.49.1Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.49.2DTC Descriptors

DTC P0325

Knock Sensor Circuit
DTC P0327

Knock Sensor Circuit Low Voltage
DTC P0328

Knock Sensor Circuit High Voltage

8.2.3.49.3Diagnostic Fault Information

Circuit Short to Ground Open/High Short to Signal
Resistance Voltage Performance
Sensor POOEA, POOEB| POOE9, POOEB POOEB* POOE9
Low Reference - POOE9, POOER POOEB* -
*Internal ECM or sensor damage may occur if the circuit is shorted to B+.

8.2.3.49.4Circuit/System Description

The knock sensor enables the engine control module (ECM) to control the ignition timing for the best possible performance
while protecting the engine from potentially damaging levels of detonation. The knock sensor produces an alternating current
(AC) volage signal that varies depending on the vibration level during engine operation. The ECM adjusts the spark timing
based on the amplitude and the frequency of the knock sensor signal. The ECM learns a minimum knock sensor noise level for
all of the engine peed ranges and monitors the normal knock sensor signal. The ECM monitors the internal knock sensor
processor test circuits which perform the open circuit diagnostic.

8.2.3.49.5Conditions for Running the DTCs

P0325

1 Engine is running for 2 s or greater.

1 Engine speet between 507000 RPM for 67 or more cumulative revolutions.
f ¢KS Sy3aaysS 022tlyid GSYLISNI GdzNB 69/ ¢
il
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Ada bnnc/
2NJ Ada bnnc/ obn
P0327 or P0328

1 Engine speed is less than 8,500 RPM.

The O'Cs run continuously when the above conditions are met.
8.2.3.49.6Conditions for Setting the DTCs

P0325

The ECM detects that a knock sensor signal circuit is open for greater than 6 s.
P0327

The ECM detects that a knock sensor signal circuit is shorted to gfougceater than 6 s.
P0328

The ECM detects that a knock sensor signal circuit is shorted to voltage for greater than 6 s.
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8.2.3.49.7Action Taken When the DTCs Set

1 DTCs P0325, P0327 and P0328 are Type B DTCs.

1  The ignition timing is retarded to reduce the potentidlengine damaging spark knock.

8.2.3.49.8Conditions for Clearing the DTCs

DTCs P0325, P0327 and P0328 are Type B DTCs.

8.2.3.49.9Diagnostic Aids

The following conditions listed below may cause a knock sensor DTC to set:

1 Sensor damage.

1  Knock sensor and engine mountisigrface burrs, casting flash, and foreign material.

1 Close proximity of hoses, brackets, and engine wiring.

1 Loose brackets.

1 Loose or broken accessory drive belts, brackets, components.

1  Anengine mechanical condition. ReferSpmptoms Engine Mechanical.
8.2.3.49.10. Reference Information

Schematic Reference

Engine Controls Schematics

Connector End View Reference

Component Connector End Views

Description and Operation

Electronic Ignition System Description

Electrical Information Reference

1  Testing for IntermittenConditions and Poor Connections
1 Circuit Testing

1  Wiring Repairs

1  Connector Repairs

DTC Type Reference

Powertrain Diagnostic Trouble Code (DTC) Type Definitions

Scan Tool Reference

Control Module Referencder scan tool information

8.2.3.49.11. Circuit/SystemVerification

1.

Engine Running

2. Verify DTC P0325, P0327 or P0328 is not set.

t

If the DTC is set
Refer to Circuit/System Testing.

p If the DTC is not set
3. Verify the B68 Knock Sensor mounting bolt is properly tightened. Refer to Fastener Specifications

t

If not tightened to the correct specification
Repair a necessary.

p If tightened to the correct specification
4. Verify the scan tool parameters listed below display No while moving the related harnesses and connectors of the
B68 Knock
Sensor.

1 Cylinderl Knock Detected
1 Cylinder 2 Knock Detected
1 Cylinder 3 Knock Detected
1  Cylinder 4 Knock Detected
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t If No is not displayed
Repair the wiring harness or connectors.
p If No is displayed
5. Operate the vehicle within the conditions for running the DTC. You atsay operate the vehicle within the
conditions that you observed from the Freeze Frame/Failure Records data.
6. Verify the DTC does not set.
t Ifthe DTC sets
Refer to Circuit/System Testing.
p If the DTC does not set
7. All OK.

8.2.3.49.12. Circuit/System Testing

1. Ignition OFF, disconnect the harness connector at the B68 Knock Sensor, ignition ON.
2. Test for &2 V between the low signal circuit terminal 2 and ground.
t Iflessthan 1V
2.1. Ignition OFF, disconnect the harness connector at the K20 Engine CaodirdeM
2.2. Test for infinite resistance between the low signal circuit terminal 2 and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance.
Hood ¢S&ad T2N fSaa (Kldiend m Ay (GKS f2¢ aArA3dylt OANDdzA
t If 2mor greater, repair the open/high resistance in the circuit.
t LT £834a GKFEY W mX NBLXFOS GKS Ywn 9y3IAYS [/ 2y iNER
t If greater than 2 V
2.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module, igwition O
2.2. Test for less than 1 V between the low signal circuit and ground.
t If 1V or greater, repair the short to voltage on the circuit.
t Ifless than 1V, replace the K20 Engine Control Module.
p If between 1c2 V
3. Test for 24 V between the higkignal circuit terminal 1 and ground.
t Iflessthan2V
3.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
3.2. Test for infinite resistance between the high signal circuit terminal 1 and ground.
t If less than infiniteesistance, repair the short to ground on the circuit.
p If infinite resistance.

odod ¢Sad F2NI £Saa Ky W m Ay (GKS KAIK &arAaylf OANDdz
t LT v m 2NJ IANBFGSNE NBLI ANJ GKS 21LI8ykKAIK NBaradl
t LT f8aa GKIFyYy o ineContdbMdtuledOS GKS Ywn 9y13

t If greater than 4 V
3.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module, ignition ON.
3.2. Test for less than 1 V between the high signal circuit and ground.
t If 1V or greater, repair the short to kage on the circuit.
t If less than 1V, replace the K20 Engine Control Module.
p If between 24 V
4. Test or replace the B68 Knock Sensor.

8.2.3.49.13. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.

1 Knock Sensor Replacente
1 Control Module Referencder engine control module replacement, programming, and setup.
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8.2.3.50. DTC P0335 or P0336
8.2.3.50.1Diagnostic Instructions
o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.
8.2.3.50.2DTC Descriptors
DTC P0335
Crankshaft Position Sensor Circuit
DTC P0336

Crankshaft Position Sensor Performance

8.2.3.50.3Diagnostic Faultnformation

Circuit Short to Ground | Open/High Short to Signal
Resistance Voltage Performance
5V Reference PO0O57C, P0335, P0335 P0651 P0336
P0651
Signal P0335, P0506 P0335 P0335 P0336
Low Reference P0335 - P0336

8.2.3.50.4Circuit/System Description

The crankshaft position sensor circuits consist of an engine control module (ECM) supplied 5 V reference circuit, low
reference circuit, and an output signal circuit. The crankshaft position sensor is an internally magnetic biased digital
output integratedcircuit sensing device. The sensor detects magnetic flux changes of the teeth and slotstobtn 58
reluctor wheel on the crankshaft. Each tooth on the reluctor wheel is spaced@iodid spacing, with 2 missing teeth

for the reference gap. The cranksh position sensor produces an ON/OFF DC voltage of varying frequency, with 58
output pulses per crankshaft revolution. The frequency of the crankshaft position sensor output depends on the
velocity of the crankshaft. The crankshaft position sensor sendgital signal, which represents an image of the
crankshaft reluctor wheel, to the ECM as each tooth on the wheel rotates past the crankshaft position sensor. The
ECM uses each crankshaft position signal pulse to determine crankshaft speed and deeociesktshaft reluctor

wheel reference gap to identify crankshaft position. This information is then used to determine the optimum ignition
and injection points of the engine. The ECM also uses crankshaft position sensor output information to determine the
camshatft relative position to the crankshaft, to control camshaft phasing, and to detect cylinder misfire.

8.2.3.50.5Conditions for Running the DTC

P0335 Condition 1
T DTCs P0101, P0102 and P0103 are not set.

OR
1 The starter is engaged and the engine control modigdtects camshaft position sensor pulses.
AND
1  The airflow into the engine is greater than 2 g/s.
Condition 2

1 DTC P0651 is not set.

1 The engine is running and the starter is not engaged.
Condition 3

1 DTCs P0365, P0366, P0641, or PO651 are not set.

1 The engined running or the starter is engaged.
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P0336 Condition 1

1 DTCs P0335 or PO651 are not set.

1  The airflow into the engine is greater than 2 g/s.

1 Engine speed is greater than 450 RPM.
Condition 2

1 DTC P0651 is not set.

1  The engine is running and the starter ig Bagaged.
Condition 3

f DTCs P0101, P0102, and P0103 are not set.

1  The airflow into the engine is greater than 2 g/s.

OR
1  The starter is engaged and the engine control module detects camshaft position sensor pulses.
Condition 4

1 DTCs P0365, P0366, P0641P0651 are not set.
1  The engine is running or the starter is engaged.
1 The DTCs run continuously once the above conditions are met.

8.2.3.50.6Conditions for Setting the DTC

P0335 Condition 1
The ECM does not detect a crankshaft position sensor pulse for greater than 4
Condition 2
The ECM does not detect a crankshaft position sensor pulse for greater than 0.1 s.
Condition 3
The ECM does not detect a crankshaft position sensor pulse for 2 out of 10 engine revolutions.
P0336 Condition 1
The ECM detects that 10 or mareankshaft resynchronizations have occurred within 10 s.
Condition 2
The ECM does not detect the synchronization gap on the reluctor wheel for greater than 0.4 s.
Condition 3
The ECM does not detect the synchronization gap on the reluctor wheel for grbaterl.5 s after the
starter was engaged.
Condition 4
The ECM detects less than 51 or greater than 65 crankshaft position sensor pulses during 1 engine
revolution for 8 out of 10 engine revolutions.

8.2.3.50.7Action Taken When the DTC Sets

1 DTCs P0335 and P0336 &spe B DTCs.
1  The camshatt position sensor is used to determine engine position.
1  The camshaft actuators are commanded to the parked position.

8.2.3.50.8Conditions for Clearing the DTC
DTCs P0335 and P0336 are Type B DTCs.
8.2.3.50.9Reference Information

Schematic Reference

Engine Controls Schematics
Connector End View Reference

Component Connector End Views
Description and Operation

Electronic Ignition System Description
Electrical Information Reference

1  Circuit Testing
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1  Connector Repairs
1  Testing for Intermittent Conditionand Poor Connections
1  Wiring Repairs
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control Module Referencder scan tool information

8.2.3.50.10. Circuit/System Verification

1. Ignition ON.
2. Verify DTC P0651 is rest.
t Ifthe DTC is set
Refer to DTC P0641, P0651, P0697, or PO6A3.
p If the DTC is not set
3. Engine Running.
4. Verify the scan tool Crankshaft Position Active Counter parameter increments.
t If the counter does not increment
Refer to Circuit/System $8ng.
p If the counter increments
5. Verify the scan tool Crankshaft Position Resync Counter parameter displays 0 counts and the engine does not
stumble or stall while moving the related harness/connectors of the B26 Crankshaft Position Sensor.
t If greater than O counts and the engine stumbles or stalls
Refer to Circuit/System Testing.
p If 0 counts and the engine does not stumble or stall
6. Operate the vehicle within the Conditions for Running the DTC. You may also operate the vehicle within the
conditions that you observed from the Freeze Frame/Failure Records data.
7. Verify the DTC does not set.
t If the DTC sets
Refer to Circuit/System Testing.
p If the DTC does not set
8. All OK.

8.2.3.50.11. Circuit/System Testing

1. Ignition OFF and all vehicle systedis-, disconnect the harness connector at the B26 Crankshaft Position Sensor. It
may take up to 2 minutes for all vehicle systems to power down.
HO ¢Said F2NJ£Saa GKIEYy p m 68SG6SSy GKS t26 NBTSNBYyOS OAND
t If 5mor greater
2.1. Igition OFF, disconnect the X2 harness connector at the K20 Engine Control Module.
HOHD ¢S&ad T2NI £Saa UKy H m Ay (GKS t2¢6 NBFSNByOS OAN
t If 2mor greater, repair the open/high resistance in the circuit.
t If 2mor less, replace the K20 Eng Control Module.
pLT tSaa 0GKIFLYy p m
3. Ignition ON.
4. Test for 4.85.2 V between the 5 V reference circuit terminal 1 and ground.
t Iflessthan 4.8V
4.1. Ignition OFF, disconnect the X2 harness connector at the K20 Engine Control Module.
4.2. Test foinfinite resistance between the 5 V reference circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance
ndod ¢Sad F2NIfSaa GKIYy wH m Ay GKS p = NBFSNByOS OAN
t If 2mor greater, repair the open/high resistance in the circuit.
+ LT £8aa GKFYy H m3X NBLIIFOS (4KS Yun 9y3IAYyS [ 2yiNE
t If greater than 5.2V
4.1. Ignition OFF, disconnect the X2 harness connector at the K20 Engine Control Module, ignition ON.
4.2. Tesfor less than 1 V between the 5 V reference and ground.
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t If 1V or greater, repair the short to voltage on the circuit.
t Ifless than 1V, replace the K20 Engine Control Module.
p If between 4.85.2 V
5. Test for 4.85.2 V between the signal circuit temal 3 and ground.
t Iflessthan 4.8V
5.1. Ignition OFF, disconnect the X2 harness connector at the K20 Engine Control Module.
5.2. Test for infinite resistance between the signal circuit and ground.
t If less than infinite resistance, repair the shartground on the circuit.
p If infinite resistance.

pbPod ¢Saild F2NI £tSaa GKFIY uw m Ay G(GKS aradaylrt OANDdaAG S
t LT #H m 2NJ ANBIFGSNE NBLI AN GKS 2LISykKAIK NBarai
t LT f8aa GKFEY v mX NBLXFOS GKS Ywn 9y3AyS [/ 2yiaN

t If greaterthan 5.2V
5.1. Ignition OFF, disconnect the X2 harness connector at the K20 Engine Control Module, ignition ON.
5.2. Test for less than 1 V between the signal circuit and ground.
+ If 1V or greater, repair the short to voltage on the circuit.
t Ifless tha 1 V, replace the K20 Engine Control Module.
p If between 4.85.2 V
6. Ignition OFF, connect a 3 A fused jumper wire to the signal circuit terminal 3, ignition ON.

Note:
Additional DTCs maget when performing this test.

7. Verify the scan tooCrankshaft Position Sensor Active Counter parameter increments while rapidly tapping the
fused jumper wireend to ground.
t If the counter does not increment
Replace the K20 Engine Control Module.
p If the counter increments
8. Verify DTC P0336 is not set.
t Ifthe DTC is set
o Inspect for the conditions listed below:
Excessive play or looseness of the B26 Crankshaft Position Sensor or the reluctor wheel
Improper installation of the B26 Crankshaft Position Sensor
Foreign material passing between the B26 Crankshaft Position Sensor and the reluctor wheel
Damaged reluctor wheel
Excessive air gap between the B26 Crankshaft Position Sensor and the reluctor wheel
Engine oil for debris
Timing chain, tensioner, and spro¢&dor wear or damage
If any of the conditions above are found, repair as necessary.
t If all components test normal, test or replace the B26 Crankshaft Position Sensor.
p If the DTC is not set
9. Test or replace the B26 Crankshaft Position Sensor.

= OO OO0 OoOOo

8.2.3.50.12. Repar Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.
1 Crankshaft Position Sensor Replacement
1  Control Module Referencder engine control module replacement, programming, and setup
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8.2.3.51.

8.2.3.51.1Diagrostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.

DTC P0340, P0341, P0365, or PO366

0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostategory.

8.2.3.51.2DTC Descriptors

DTC P0340

Intake Camshaft Position Sensor Circuit

DTC P0341

Intake Camshaft Position Sensor Performance

DTC P0365

Exhaust Camshaft Position Sensor Circuit

DTC P0366

Exhaust Camshaft Position Sensor Performance

8.2.3.51.3Diagnostic Faultnformation

VANDERHALL

Circuit Short to Ground Open/High Short to Signal
Resistance Voltage Performance
5V Reference P0107, P0452, | P0340, P0365 P0641 -
P0532, P0641
Signal P0340, P0365 | P0340, P0365 | P0340, P0365 P0341,
P0366
Low Reference - P0340, P0365 | P0340,P,0365 -

8.2.3.51.4Circuit/System Description

The camshaft position sensors each have 3 circuits consisting of an engine control module (ECM) supplied 5 V
reference circuit, low reference circuit, and an output signal circuit. The camshaft position sensor israallint
magnetic biased digital output integrated circuit sensing device. The sensor detects magnetic flux changes of the
teeth and slots of a 4tooth reluctor wheel attached to the camshaft. As each reluctor wheel tooth rotates past the
camshaft position ensor, the resulting change in the magnetic field is used by the sensor electronics to produce a
digital output pulse. The sensor returns a digital ON/OFF DC voltage pulse of varying frequency with 4 varying width
output pulses per camshaft revolution thegpresent an image of the camshaft reluctor wheel. The frequency of the
camshaft position sensor output depends on the velocity of the camshaft. The ECM decodes the narrow and wide
tooth pattern to identify camshaft position. This information is then usedetermine the optimum ignition and
injection points of the engine. The ECM uses the exhaust camshaft position sensor to determine injector and ignition
system synchronization. The intake and exhaust camshaft position sensors are also used to detamshaft to
crankshaft relationship. The ECM also uses camshaft position sensor output information to determine the camshaft
relative position to the crankshaft to control camshaft phasing and-limme operation.

8.2.3.51.5Conditions for Running the DTC

P0340 or B365 Condition 1

 DTCs P0101, P0102, and P0103 are not set.

1 The airflow into the engine is greater than 2 g/s.

OR

1 The starter is engaged and the engine control module detects camshaft position sensor pulses.

Condition 2

1 DTC P0651 is not set.

1 The engine isunning and the starter is not engaged.

Condition 3
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1 DTC P0335, P0336, P0641, or PO651 are not set.
1  The crankshaft is synchronized.
1 The starter is engaged.

Condition 4
1 DTC P0335, P0336, P0641, or PO651 are not set.
1  The crankshaft is synchronized.

P0341 0P0366 Condition 1
1 DTC P0335, P0336, P0641, or PO651 are not set.
1  The crankshaft is synchronized.
1 The starter is engaged.
Condition 2
1 DTC P0335, P0336, P0641, or PO651 are not set.
1  The crankshaft is synchronized.
1  The DTCs run continuously once the abovedi@@ns are met.

8.2.3.51.6Conditions for Setting the DTC

P0340 or P0365 Condition 1
The ECM does not detect a camshaft position sensor pulse for greater than 5.5 s or greater than 4.0 s since
the time the starter has been engaged.
Condition 2
The ECM detects leflsan 4 camshaft position sensor pulses for greater than 3.0 s.
Condition 3
The ECM does not detect a camshaft position sensor pulse during the first 2 engine revolutions.
Condition 4
The ECM does not detect a camshaft position sensor pulse during 20@ eegaiutions.
P0341 or P0366 Condition 1
The ECM detects less than 4 or greater than 6 camshaft position sensor pulses during the first 2 engine
revolutions.
Condition 2
The ECM detects less than 398 or greater than 402 camshaft position sensor puisg<260 engine
revolutions.

8.2.3.51.7Action Taken When the DTC Sets

1 DTCs P0340, P0341, P0365, and P0366 are Type B DTCs.
1  The camshaft position actuator is commanded to the Home or Parked position.
1 The ignition system defaults to a failed camshaft position selirsgprhome mode.

8.2.3.51.8Conditions for Clearing the MIL/DTC
DTCs P0340, P0341, P0365, and P0366 are Type B DTCs.
8.2.3.51.9Diagnostic Aids

1 With a DTC set, the engine may crank for an extended period of time at startup

1  The exhaust camshaft position sensor is usedrj@ctor and ignition system synchronization. A stalling condition will
occur if the camshaft position sensor signal is intermittent and a DTC may not set. Inspect the intake and exhaust
camshaft position sensor circuits for poor connections.

8.2.3.51.10. Reference Iformation

Schematic Reference
Engine Controls Schematics
Connector End View Reference
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Component Connector End Views
Description and Operation
Electronic Ignition System Description
Electrical Information Reference
1  Circuit Testing
1 Connector Repairs
1  Testingfor Intermittent Conditions and Poor Connections
1  Wiring Repairs
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control Module Referencder scan tool information

8.2.3.51.11. Circuit/System Verification

1. IgnitionON.
2. Verify DTC P0641 or P0651 is not set.
t If any of the DTCs are set
Refer to DTC P0641, P0651, P0697, or PO6A3.
p If none of the DTCs are set
3. Engine Running.
4. Verify the scan tool parameters listed below increment:
M Exhaust Camshaft Positidwtive Counter
1 Intake Camshaft Position Active Counter
t If any counter does not increment
Refer to Circuit/System Testing.
p If all counters increment
5. Operate the vehicle within the Conditions for Running the DTC. You may also operate the vehinlgheithi
conditions that you observed from the Freeze Frame/Failure Records data.
6. Verify the DTC does not set.
t Ifthe DTC sets
Refer to Circuit/System Testing.
p If the DTC does not set
7. All OK.

8.2.3.51.12. Circuit/System Testing

1. Ignition OFF and all vehictystems OFF, disconnect the harness connector at the appropriate B23 Camshaft
Position Sensor. It may take up to 2 minutes for all vehicle systems to power down.
HO ¢Sad F2NJfSaa Ky p m 0SG6SSy (GKS 28 NBEFTSNByOS OAND
t If 5mor greater
2.1. Ignition OFF, disconnect the X2 harness connector at the K20 Engine Control Module.
HOPH® ¢Sad F2NJfSaa GKIYy H m Ay GKS t26 NBFSNByOS
t LT v m 2NJ IANBFGSNE NBLI AN GKS 2LISykKAIK NBaA
t If 2mor less, relace the K20 Engine Control Module.
pLFT tSaa GKIFy p m
3. Ignition ON.
4. Test for 4.85.2 V between the 5 V reference circuit terminal 1 and ground.
t Iflessthan 4.8V
4.1. Ignition OFF, disconnect the X2 harness connector at the K20 Engine Conuitd.Mod
4.2. Test for infinite resistance between the 5 V reference circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance.
ndod ¢Sad F2NI £fSaad GKIY wdw Ay (GKS p = NBFSNByOS OAN
t If 2mor greater, repair the open/high resistance in the circuit.
t If less than 2n, replace the K20 Engine Control Module.

¢ O
o >

N
I
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t If greater than 5.2V
4.1. Ignition OFF, disconnect the X2 harness connector at the K20 Engine Control Module, ignition ON
4.2. Test for less than 1 V between the 5 V reference circuit and ground.
t If 1V or greater, repair the short to voltage on the circuit.
t Ifless than 1V, replace the K20 Engine CoMuamlule.
p If between 4.85.2 V
5. Test for 4.85.2 V between thesignal circuit terminal 3 and ground.
t Iflessthan 4.8V
5.1. Ignition OFF, disconnect the X2 harness connector at the K20 Engine Control Module.
5.2. Test for infinite resistance between the signal circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance.
pdod ¢Sad F2NJ fSaa dGKIYy W m Ay
t LT 0 om 2NJ INBFGSNE NBLI AN G
t LT f S3& aepladé thg'K2a Engire Coitrol Module.
t If greater than 5.2V
5.1. Ignition OFF, disconnect the X2 harness connector at the K20 Engine Control Module, ignition ON.
5.2. Test for less than 1 V between the signal circuit and ground.
t If 1V or greater, repathe short to voltage on the circuit.
t Ifless than 1V, replace the K20 Engine Control Module.
p If between 4.85.2 V
6. Verify DTC P0341 or P0O366 is not set.
t If any of the DTCs are set
Inspect for the conditions listed below:
1  Excessive play or loasess of the B23 Camshaft Position Sensor or the reluctor wheel
1 Improper installation of the B23 Camshaft Position Sensor
1  Foreign material passing between the B23 Camshaft Position Sensor and the reluctor wheel
1 Damaged reluctor wheel
1  Excessive air gap between the B23 Camshaft Position Sensor and the reluctor wheel
1
1
t
t

S A £ OANDdz G

Engine oil for debris
Timing chain, tensioner, and sprockets for wear or damage
If any of the conditions above are found, repair as necessary.
If all components test noral, test or replace the B23 Camshaft Position Sensor.
p If none of the DTCs are set
7. Test or replace the B23 Camshaft Position Sensor.

8.2.3.51.13. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.
1 Camshaft Position Sensoeftacement
1 Control Module Referencder engine control module replacement, programming, and setup
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8.2.3.52. DTC P035P0354, P2300, P2301, P2303, P2304, P2306, P2307, P2309, or P2310
8.2.3.52.1Diagnostic Instructions
o Perform the Diagnostic System Check Velpdier to usihg this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.
8.2.3.52.2DTC Descriptors
DTC P0351
Ignition Coil 1 Control Circuit
DTCP0352
Ignition Coil 2 Control Circuit
DTC P0353
Ignition Coil 3 Control Circuit
DTC P0354
Ignition Coil 4 Control Circuit
DTC P2300
Ignition Coil 1 Control Circuit Low Voltage
DTC P2301
Ignition Coil 1 Control Circuit High Voltage
DTC P2303
Ignition Coil Zontrol Circuit Low Voltage
DTC P2304
Ignition Coil 2 Control Circuit High Voltage
DTC P2306
Ignition Coil 3 Control Circuit Low Voltage
DTC P2307
Ignition Coil 3 Control Circuit High Voltage
DTC P2309
Ignition Coil 4 Control Circuit Low Voltage
DTC P2310
Ignition Coil 4 Control Circuit High Voltage
8.2.3.52.3Diagnostic Fault Information
Circuit Short to Ground Open/High Short to Signal
Resistance Voltage Performance
Ignition Coil 1 Control P0300, P0351*,| P0300, PO351 P0300, P0300,
P2300* P0351*, P0351
P2301*
Ignition Coil 2 Control P0300, P0352* | P0300, P0352 P0300, P0300,
P2303* P0352%, P0352
P2304*
Ignition Coil 3 Control P0300, P0353*,| P0300, P0353 P0300, P0300,
P2306* P0353*, P0353
P2307*
Ignition Coil 4 Control P0300, P0354*,| P0300, P0354 P0300, P0300,
P2309* P0354*, P0354
P2310*
* Depending on the application, either DTC could set.
8.2.3.52.4Circuit/System Description
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The ignition system on this engine uses an ignition coil module. The engine control module (ECM) controls the spark
event for each cylindethrough the individual ignition coil control circuits. When the ECM commands the ignition
control circuit ON, electrical current will flow through the primary winding of the ignition coil, creating a magnetic
field. When a spark event is requested, the E®M command the ignition control circuit OFF, interrupting current

flow through the primary winding. The magnetic field created by the primary winding will collapse across the
secondary coil windings, producing a high voltage across the spark plugpdéctiThe ECM uses information from

the crankshaft position sensor, and the camshaft position sensor for sequencing and timing of the spark events. The
ECM monitors each ignition control circuit for improper voltage levels.

8.2.3.52.5Conditions for Running the DTC

1  The engine is running.
1 Ignition voltage is greater than 5 V.
The DTCs run continuously when the above conditions are met.

8.2.3.52.6Conditions for Setting the DTC

The engine control module detects that the voltage command state of the driver and the actual sthge agntrol
circuit do not match.

8.2.3.52.7Action Taken When the DTC Sets
DTCs P0351, P0352, P0353, P0354, P2300, P2301, P2303, P2304, P2306, P2307, P2309, or P2310 are Type B DTCs.

8.2.3.52.8Conditions for Clearing the MIL/DTC

DTCs P0351, P0352, P0353, P0354, PPRED1, P2303, P2304, P2306, P2307, P2309, or P2310 are Type B DTCs.
8.2.3.52.9Reference Information

Schematic Reference
Engine Controls Schematics
Connector End View Reference
Component Connector End Views
Description and Operation
Electronic Ignition System Degation
Electrical Information Reference
Circuit Testing
Connector Repairs
Testing for Intermittent Conditions and Poor Connections
Wiring Repairs
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control ModuleReferencegor scan tool information

8.2.3.52.10. Circuit/System Verification

1. Engine Running.
2. Verify the scan tool parameters listed below do not display Malfunction:
1 Ignition Coil £4 Control Circuit High Voltage Test Status
1 Ignition Coil £4 Control Circuitow Voltage Test Status
1 Ignition Coil £4 Control Circuit Open Test Status
t If Malfunction is displayed
Refer to Circuit/System Testing.
p If Malfunction is not displayed
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3. Operate the vehicle within the Conditions for Running the DTC. You may alstedperaehicle within the conditions that
you observed from the Freeze Frame/Failure Records data.
4. Verify the DTC does not set.
t Ifthe DTC sets
Refer to Circuit/System Testing.
p If the DTC does not set
5. All OK.

8.2.3.52.11. Circuit/System Testing

1. Ignition &F and all vehicle systems OFF, disconnect the harness connector at the K35 Ignition Coil Module.
2. Remove the fuel injector fuse.
3. Connect a DMM between the appropriate K35 Ignition Coil Module control circuit listed below and ground. Set the
DMM to the DC Hz scale and utilize the Mitax function:
1 Ignition Coil 1 terminal D
1 Ignition Coil 2 terminal E
1 Ignition Coil 3 terminal F
1 Ignition Coil 4 terminal G
4. Verify the DMM displays greater than 1.5 Hz while cranking the engine.
t Iflessthan 1.5 Hz
4.1.1gnition OFF, disconnect the X2 harness connector at the K20 Engine Control Module.
4.2. Test for infinite resistance between the control circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance
ndod ¢Sad FT2N £8aa GKIYy H m Ay
t LT 0 om 2NJ INBFGSNE NBLI AN G
pLT tSaa GKIFIYy H m
4.4. Ignition ON.
4.5. Test for less than 1 V between the control circuit andiigdo
+ If 1V or greater, repair the short to voltage on the circuit.
t If less than 1V, replace the K20 Engine Control Module.
p If greater than 1.5 Hz
5. Replace the K35 Ignition Coil Module.

8.2.3.52.12. Repair Instructions

Perform theDiagnostic Repair Verificati after completing the repair.
1  Ignition Coil Replacement
1 Control Module Referencder engine control module replacement, programming, and setup
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8.2.3.53. DTC P0420

8.2.3.53.1Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagnostjerocedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.53.2DTC Descriptor

DTC P0420
Catalyst System Low Efficiency

8.2.3.53.3Circuit/System Description

Note:
A new converter with less than 160 km (100 mi) on it may set DTC P0420 due to outgassin
internal matting. Operating the vehicle at highway speeds for approximately 1 h may corre
condition.

A 3way catalyst controls emissions of hydrocarbons, carbon monoxide (CO), and oxides of nitrogen (NOX). The
catalyst within the converter promotes a chemical reaction, which oxidizes the hydrocarbon(s) and the CO that are
present in the exhaust gas. Tipgocess converts the hydrocarbon(s) and the CO into water vapor and carbon dioxide
(C0O2), and reduces the NOX, converting the NOX into nitrogen. The catalyst also stores oxygen. The engine control
module (ECM) monitors this process by using a heated oxgygesor (HO2S) that is in the exhaust stream after the

three way catalyst. The HO2S 2 produces an output signal that the ECM uses to calculate the oxygen storage capacity
of the catalyst. This indicates the ability of the catalyst to convert the exhausts@ms efficiently. The ECM monitors

the efficiency of the catalyst by allowing the catalyst to heat, then wait for a stabilization period while the engine is
idling. The ECM then adds and removes fuel while monitoring the HO2S 2. When the catalygtasifignproperly,

the HO2S 2 response to the extra fuel is slow compared to the response of the HO2S 1, which is located before the
three way catalyst. When the HO2S 2 response is near that of the HO2S 1, the oxygen storage capability and efficiency
of the catalyst may be degraded below an acceptable threshold.

8.2.3.53.4Conditions for Running the DTC

il

E R I I

1

DTCs POOOA, PO00B, P0010, PO013, PO016, PO017, PO030, PO031, PO032, PO036, PO038, P0117, PO118, PO119, P0121,
P0122, P0123, P0131, P0132, P0133, P0134, P0135, P0136, P0138, P0139, P0140, P0141, P0171, P0201,

P0202, P0203, P0204, P0221, P0222, P0223, P0261, P0262, P0264, P0265, P0267, P0268, P0270, P0271, P0301,
P0302, P0303, P0304, P0335, P0336, P0340, P0365, P0366, P0443, P0446, P0458, P0459, P04963P0562, P056
P0642, P0643, P0652, P0653, P0661, P0662, P2088, P2089, P2090, P2091, P2096, P2097, P2100, P2101, P2122,
P2123, P2127, P2128, P2176, P2297, P2301, P2303, P2304, P2306,P2307, P2309, P2310, P2A00, P2A0 are not set.
The engine speed is greater than 1 2@MRfor a minimum of 2 s.

The vehicle speed is less than 1.24 MPH.

The intake mass air flow (MAF) is between 22000 g/s.

The vehicle is in closed loop.

The calculated exhaust mass gas flow is betwegb 56 g/s, and stable.

The calculated catalyst tempature is between 48¢800°C (8961 472°F).

The rear heated oxygen sensor (HO2S) has exceeded the dew point for more than 60 s.

This diagnostic attempts one test during each period when the above conditions have been met. This diagnostic
attempts up to

4 tests during each drive cycle.

8.2.3.53.5Conditions for Setting the DTC

|l

The ECM has determined the catalyst efficiency has degraded below a calibrated threshold.
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1  This diagnostic may conclude in 6 test attempts which will require at least 2 drive cycles. Howedgagtiostic
may require as many as 8 test attempts. Depending on driving conditions, more than 2 drive cycles may be required.
Each test attempt may conclude within approximately 1 min.

8.2.3.53.6Action Taken When the DTC Sets
DTC P0420 is a Type ADTC.

8.2.3.53.7Conditionsfor Clearing the DTC
DTC P0420 is a Type ADTC.

8.2.3.53.8Diagnostic Aids

Inspect for the following conditions, which may cause a catalyst to degrade:
An engine misfire

High engine oil or high coolant consumption

Retarded spark timing

A weak or poor spark

A lean fiel mixture

A rich fuel mixture

A damaged oxygen sensor or wiring harness

=A =4 =4 -8 -8 -9

8.2.3.53.9Reference Information

Schematic Reference
Engine Controls Schematics
Connector End View Reference
Component Connector End Views
Electrical Information Reference
1  Circuit Testing
1  Connector Repairs
9  Testing for Intermittent Conditions and Poor Connections
1  Wiring Repairs
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control Module Referencder scan tool information

8.2.3.53.10. Circuit/System Esting

1. Engine idling, observe the DTC information with a scan tool. Verify there are no HO2S or misfire DTCs set.
t If any of the DTCs are set, refer to Diagnostic Trouble Code (DTC) List Vehicle.
2. Verify the following conditions do not exist with thatalyst:
Dents
A severe discoloration caused by excessive temperatures
Road damage
An internal rattle caused by damaged catalyst subset
Restrictions
+ If a condition is found, replace the catalyst
3. Verify the following conditions do not exist with taghaust system:
1 Leaks
1 Physical damage
1 Loose or missing hardware
1
t

= =4 =4 -8 =4

Properly torqued B52A Heated Oxygen Sensor 1 or B52B Heated Oxygen Sensor 2
If a condition is found, repair the exhaust system.
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t If the DTC fails this key cycle, continue with this procedur
4. Verify the following conditions do not exist with the B52B Heated Oxygen Sensor 2.

1 Agrounded B52B Heated Oxygen Sensor 2 wiring harness

1 Damage

t If a condition is found, replace the B52B Heated Oxygen Sensor 2.
5. If no physical condition is detectand the B52B Heated Oxygen Sensor 2 is as active as the B52A Heated Oxygen
Sensor 1 after operating the engine at 1 500 RPM for 1 min and then returning to a stabilized idle, then replace the
catalyst.

8.2.3.53.11. Repair Instructions

Note:
A new converter witHess than 160 km (100 mi) on it may set DTC P0420 due to outgassing
internal matting. Operating the vehicle at highway speeds for approximately 1 h may corre
condition.

Perform theDiagnostic Repair Verificati@fter completing the diagno&t procedure.

1 Heated Oxygen Sensor ReplacemeBensor 1
1 Heated Oxygen Sensor Replacemeaensor 2
1 Catalytic Converter Replacement
1 Exhaust Leakage
1  Symptoms; Engine Exhaust
286
REVISION1.0

RELEASE DAJE&6/2017



VeniceService Manual

Engine / Propulsion

VANDERHALL

8.2.3.54. DTC P0442

8.2.3.54.1Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.54.2DTC Descriptor

DTC P0442
Evaporative Emission (EVASRstem Small Leak Detected

8.2.3.54.3Circuit/System Description

The engine off natural vacuum (EONV) test is the small leak detection diagnostic for the evaporative emission (EVAP)
system. This diagnostic tests the EVAP system for a small leak when the keydsQ&ifand the correct conditions

are met. Heat from the exhaust system is transferred into the fuel tank while the vehicle is operating. When the
vehicle is turned OFF and the EVAP system is sealed a change in the fuel tank vapor temperature occeswithich r

in a corresponding pressure change in the fuel tank vapor space. This change is monitored by the ECM using the fuel
tank pressure (FTP) sensor input. With a leak in the system, the amount of pressure change will be less than that of a
sealed system.

8.2.3.54.4Conditions for Running the DTC

il

E R N

DTCs P010C, P010D, P0101, P0102, P0103, P0106, P0107, P0108, PO111, P0112, PO113, P0114, PO116, P0O117, P0O118,
P0125, P0128, P0443, P0446, P0449, P0452, P0453, P0455, P0496, P0461, P0462, P0463, P0464, P0496, P0502,
P0503, B722, P0723, P2227, P2228, P2229, P2230, P2610. are not set.

The barometric pressure (BARO) is greater than 70 kPa.

The engine coolant sensor (ECT) is greater than 63°C (145°F)

No fuel filling during the EONYV test period.

The fuel level is between £00%.

The startup engine coolant temperature (ECT) and the stgrtintake air temperature (IAT) are within 8°C (46°F).

The engine run time before shwofff was greater than 10 min.

The drive distance before engine skaft was more than 5 km (3 mi).

The ambiengir temperature at the end of the drive cycle is betwee38°C (3293°F).

DTC P0442 runs once per drive cycle during the hot soak period after the ignition is turned OFF and may require up to
40 min to complete. The controller will not make more thare&ttattempts per day. The time since the last

completed EONV test must be at least 17 h if passed or 10 h if failed.

8.2.3.54.5Conditions for Setting the DTC

f
f

The ECM detects a leak in the EVAP system that is greater than a calibrated amount.
The ECM must compleseveral EONV tests before the diagnostic can turn the MIL on or off.

8.2.3.54.6Action Taken When the DTC Sets

DTC P0442 is a Type A DTC.

8.2.3.54.7Conditions for Clearing the DTC

DTC P0442 is a Type A DTC.
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8.2.3.54.8Diagnostic Aids

1  The EVAP system can be filled with smoke morektyuand completely by opening the system opposite the end
where the smoke is injected. When injecting smoke at the service port tool temporarily leave the EVAP vent solenoid
valve open until smoke is observed then close the system and continue testing.

1  Tohelp locate intermittent leaks using the GE413A move all EVAP components while observing smoke with the

GE41413SPT.

Individual components can be isolated and tested using adapters in the GE-304.13

When servicing the EVAP system, test pressurstmaot exceed 13 in H20 (0.5 PSI) as pressure in excess of this could

cause system components to perform inaccurately.

1 A condition may exist where a leak in the EVAP system only exists under a vacuum condition. This type of leak may be
detected by using th scan tool Purge/Seal function to create a vacuum in the EVAP system and then observe the FTP
parameter for vacuum decay.

= =4

8.2.3.54.9Reference Information

Schematic Reference
Engine Controls Schematics
Connector End View Reference
Component Connector End Views
Description and Operation
Evaporative Emission Control System Description
Electrical Information Reference
1  Circuit Testing
1  Connector Repairs
i  Testing for Intermittent Conditions and Poor Connections
1  Wiring Repairs
DTC Type Reference
Powertrain Diagnostic ®uble Code (DTC) Type Definitions
Scan Tool Reference
Control Module Referencder scan tool information
Special Tools
CH 48096 EVAP Service Port Access Tool
GE 41418A Evaporative Emissions System Tester (EEST)
GE 41418300 EVAP Cap and Plug Kit
GE 41418SPT High Intensity White Light

8.2.3.54.10. Circuit/System Testing

Note:

1 Refer to the GE 41418 operation manual for detailed instructions in Evaporative Emission Control System Diagn

1 Larger volume fuel tanks and/or those with lower fuel levels may reqé@veral minutes for the floating indicator to
stabilize or produce smoke from a leak.

1 Ensure that the underbody temperature of the vehicle and the tester are similar.

1. Disconnect the purge tube at the quick connector on the EVAP canister side of tiiev§ifative Emission Canister Purge
Solenoid Valve and install the CH 48096.
2. Connect the GE 41413A to the CH 48096.
3. Command the EVAP Purge/Seal function to System Seal with a scan tool to seal the EVAP system.
4. Use the flow meter on the GE 41413#alibrated to 0.51 mm (0.020 in) to determine if there is a leak.
t If aleak is detected
4.1. Use the GE 41413A to apply smoke to the EVAP system at the purge tube until the leak is located using the GE
41413SPT
p No leak in the EVAP system
5. All OK.

8.2.3.54.11. Repair Instructions
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Perform theDiagnostic Repair Verificati@after completing the repair.
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8.2.3.55. DTC P0443, P0458, or P0459
8.2.3.55.1Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.55.2DTC Descriptors

DTC P0443

Evaporative Emission (EVAP) Purge Solenoid Valve Control Circuit
DTC P0458

Evaporative Emission (EVAP) Purge Solenoid Valve Control Circuit Low Voltage
DTC P0459

Evaporative Emission (EVAP) Purge Solenoid Valve Control Circuit High Voltage

8.2.3.55.3Diagnostic Fault Information

Circuit Short to Ground Open/High Short to

Resistance Voltage

Ignition Voltage

P0031, PO037, PO134

P0135, P0443, P0458,

P0597, P0598, P0660,
P0661

P0031, P0O037, PO135 -

P0443, P0458, P0597
P0598, P0660, PO661

Control

P0443, P0458

P0443

P0459

8.2.3.55.4Circuit/System Description

The evaporative emission (EVAP) purge solenoid valve is used to purge fuel vapor from the EVAP canister to the intake
manifold. The EVAP purge solenoid valve is pulse width modulated (PWM). Ignition voltage is supplied directly to the EVAP
purge solenoid alve. The engine control module (ECM) controls the solenoid valve by grounding the control circuit with a solid
state device called a driver.

The driver is equipped with a feedback circuit that is pulipdto a voltage. The ECM can determine if the cdnticcuit is

open, shorted to ground, or shorted to a voltage by monitoring the feedback voltage.

8.2.3.55.5Conditions for Running the DTC

The ignition voltage is greater than 11 V.
The DTCs run continuously once the above conditions are met.

8.2.3.55.6Conditions for Settig the DTC

P0443

The ECM detects the EVAP purge solenoid valve control circuit is open within .25 s.
P0458

The ECM detects the EVAP purge solenoid valve control circuit is shorted to ground within .25 s.
P0459

The ECM detects the EVAP purge solenoid valwea circuit is shorted to voltage within .25 s.

8.2.3.55.7Action Taken When the DTC Sets
DTC P0443, P0458 and P0459 are Type B DTCs.
8.2.3.55.8Conditions for Clearing the DTC
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DTC P0443, P0458 and P0459 are Type B DTCs.

8.2.3.55.9Reference Information

Schematic Reference

EngineControls Schematics

Connector End View Reference

Component Connector End Views

Description and Operation

Evaporative Emission Control System Description

Electrical Information Reference

1  Circuit Testing

1 Connector Repairs

1  Testing for Intermittent Conditionand Poor Connections
1  Wiring Repairs

DTC Type Reference

Powertrain Diagnostic Trouble Code (DTC) Type Definitions

Scan Tool Reference

Control Module Referencder scan tool information

8.2.3.55.10. Circuit/System Verification

VANDERHALL

Note:

The audible clicking intensityill vary depending on mounting locations and interference with
fuel injectors clicking. You may also feel a change in the frequency of clicking.

1. Ignition ON.
2. Command the EVAP purge solenoid from 0 to 50% and back to 0% with a scan toobseriéng the following
control circuit status parameters:

t

1 EVAP Purge Solenoid Valve Control Circuit High Voltage Test Status
1 EVAP Purge Solenoid Valve Control Circuit Open Test Status
1 EVAP Purge Solenoid Valve Control Circuit Low Voltage Test Status
If Malfunction is displayed
Refer to Circuit/System Testing

p If Malfunction is not displayed
3. Verify the EVAP Purge Solenoid Valve control circuit parameters above do not display Malfunction when moving
the related harnesses and connectors of the Q12 Eatp@ Emission Purge Solenoid Valve.

t

If Malfunction is displayed
Refer to Circuit/System Testing

p If Malfunction is not displayed
4. Operate the vehicle within the conditions for running the DTC. You may also operate the vehicle within the
conditions ttat you observed from the freeze frame/failure records data
5. Verify the DTC does not set.

t

If the DTC sets
Refer to Circuit/System Testing

plf the DTC does not set
6. All OK.

8.2.3.55.11. Circuit/System Testing

1. Ignition OFF, disconnect the harness connectthetQ12 Evaporative Emission Purge Solenoid Valve. Ignition ON,
2. Verify that a test lamp illuminates between the ignition voltage circuit terminal 2 and ground.

t

If the test lamp does not illuminate and the circuit fuse is good
2.1. Ignition OFF, remoxke test lamp.
HOH® ¢Sad T2NIfSaa GKFY H m Ay
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t If 2mor greater, repair the open/high resistance in the circuit.
t LT 8343 GKFY W mZ GSNRAFe GKS Fdza8 Aa yz2d 218y |
t If the test lamp does nbilluminate and the circuit fuse is open
2.1. Ignition OFF, remove the test lamp.
2.2. Test for infinite resistance between the ignition circuit and ground
t If less than infinite resistance, repair the short to ground on the circuit.
t If infinite resisance, test all components connected to the ignition voltage circuit for a short
and replace as necessary.
p If the test lamp illuminates
3. Verify that a test lamp does not illuminate between the ignition circuit terminal 2 and the control circuit terdninal
t If the test lamp illuminates
3.1. Ignition OFF, remove the test lamp, disconnect the harness connector at the K20 Engine Control
Module.
3.2. Test for infinite resistance between the control circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
t If infinite resistance, replace the K20 Engine Control Module.
p If the test lamp does not illuminate
4. Remove the test lamp.
5. Verify the EVAP Purge Solenoid Valve Coniralii€CHigh Voltage Test Status parameter is OK when commanding
the EVAP Purge Solenoid Valve to 50% with a scan tool.
t If OK is not displayed
5.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module, Ignition ON.
5.2. Test fotess than 1 V between the control circuit and ground.
+ If 1V or greater, repair the short to voltage on the circuit.
t If less than 1V, replace the K20 Engine Control Module.
p If OK is displayed
6. Install a 3 A fused jumper wire between the contiocduit terminal 1 and the ignition circuit terminal 2.
7. Verify the EVAP Purge Solenoid Valve Control Circuit High Voltage Test Status parameter is Malfunction when
commanding the EVAP Purge Solenoid Valve to 50% with a scan tool.
t If Malfunction is notdisplayed
7.1. Ignition OFF, remove the jumper wire, disconnect the harness connector at the K20 Engine Control
Module.
TOHD ¢Sad F2NJ £Saa GKFEFY W m Ay GKS O2y(iNRt OANDdzAG S
t If 2mor greater, repair the open/high resistance in the circuit.
t Ifless than 2nreplace the K20 Engine Control Module.
p If Malfunction is displayed
8. Test or replace the Q12 Evaporative Emission Purge Solenoid Valve.

8.2.3.55.12. Component Testing

Static Test
1. Ignition OFF, disconnect the harness connector at theEyaporative Emission Purge Solenoid Valve.
2.Testforlmn m 0S0G6SSy (KS O2y(iNRf OANDdAG GSNX¥AYlLIE ™m | yR (K¢
t If not between 160 1 m
Replace the Q12 Evaporative Emission Purge Solenoid Valve.
plfbetween18o n m
3. All OK.
Dynamic Test
1. Ignition OFF, disconnect the harness connector at the Q12 Evaporative Emission Purge Solenoid Valve.
2. Install a 3 A fused jumper wire between the ignition, terminal 2 and 12 V. Install a jumper wire between the control
terminal 1 and grond.
3. Verify the Evaporative Emission Purge Solenoid Valve turns on & off/clicks and flows vacuum.
t Ifit does not turn on & off/click or flow vacuum.
Replace the Q12 Evaporative Emission Purge Solenoid Valve.
t Ifit does turns on & off/clicks and flowsacuum.
4. All OK

292
REVISION1.0
RELEASE DAJE&6/2017



VeniceService Manual gg

Engine / Propulsion VANDERHALL
8.2.3.55.13. Repair Instructions
Perform theDiagnostic Repair Verificati@iter completing the repair.
1  Evaporative Emission Canister Purge Solenoid Valve Replacement
1  Control Module Referencder ECM replacement, programming and setup
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8.2.3.56. DTC P0446
8.2.3.56.1Diagnostic Instructions
o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of eaahiagnostic category.
8.2.3.56.2DTC Descriptor
DTC P0446
Evaporative Emission (EVAP) Vent System Performance
8.2.3.56.3Typical Scan Tool Data
Fuel Tank Pressure Sensor Signal Voltage Fuel Tank Pressure
15V Atmospheric Pressure / BARO
Less than 1.5V Positive Pressure
More than 1.5V Negative Pressure / Vacuum

8.2.3.56.4Circuit/System Description

This DTC tests the evaporative emission (EVAP) system for a restricted or blocked EVAP vent path that would cause excess
amounts of vacuum to be developed in the EVAP system. Theesogitirol module (ECM) uses the fuel tank pressure (FTP)
sensor to monitor EVAP system vacuum. With the purge valve and vent valve open, if the EVAP system vacuum goes above a
calibrated threshold, P0446 will set.

The following table illustrates the relanship between the ON and OFF states, and the OPEN or CLOSED states of the EVAP
purge and vent solenoid valves.

ECM Command EVAP Purge Solenoid Valve EVAP Vent Solenoid Valve
ON Open Closed
OFF Closed Open

8.2.3.56.5Conditions for Running the DTC

1 DTCs P0OOCBO0OC9, P0O10C, PO10D, P0068, P16F3, P0102, P0103, P0111, P0112, P0O113, PO114, P0116, P0117, P0118,
P0122, P0123, P0125, P0128, P160E, P160D, P0191, P0192, P0193, P0222, P0223, P0443, P0449, P0452, P0453,
P0454, P0502, P0503, P0606, P0722, P0723, P1104, P21M1, P2102, P2103, P2135, P2227, P2228, P2229, or

P2230 are not set

The ignition voltage is between 432 V.

The barometric pressure (BARO) is more than 70 kPa.

The fuel level is between £00%.

The startup engine coolant temperature (ECT) is less #4C (95°F).

The startup intake air temperature (IAT) is betweg3@°C (3§86°F).

DTC P0446 runs once per cold start, for up to 17 min, when the above conditions are met.

= =4 =4 =8 -8 4

8.2.3.56.6Conditions for Setting the DTC

Note:
There are 2 stages to setting this DBGge 1, prep test, then stage 2 test.

1  If fuel tank pressure sensor reading is greater than 2.5 in H20 of pressure or legs thari20 of vacuum for 60 s
OR
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1  After setting the DTC for the first time, 2 liters (0.5 gallons) of fuel must be consumed before setting the DTC for the
second time.

8.2.3.56.7Action Taken When the DTC Sets
DTC P0446 is a Type B DTC.

8.2.3.56.8Conditions for Clearing the MIL/DTC
DTCP0446 is a Type B DTC.

8.2.3.56.9Diagnostic Aids

1 Anintermittent condition could be caused by a damaged EVAP vent housing, a temporary blockage at the EVAP vent
solenoid valve inlet, or a pinched vent hose. A blockage in the vent system may also cause a fid@ofudition.
1  An EVAP canister filter that is restricted can cause this DTC to set.

8.2.3.56.10. Reference Information

Schematic Reference
Engine Controls Schematics
Connector End View Reference
Component Connector End Views
Description and Operation
EvaporativeEmission Control System Description
Electrical Information Reference
1 Circuit Testing
1  Connector Repairs
1  Testing for Intermittent Conditions and Poor Connections
1  Wiring Repairs
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
ScanTool Reference
Control Module Referencder scan tool information
Special Tools
CH 414180 Fuel Tank Cap Adapter
GE 41413\ Evaporative Emissions System Tester (EEST)

8.2.3.56.11. Circuit/System Verification

1. Ignition ON.
2. Verify DTC P0443 is not set.
t Ifthe DTC is set
Refer to Diagnostic Trouble Code (DTC) List Vehicle.
p If the DTC is not set
3. Ignition OFF, remove the fuel tank filler cap. Ignition ON.
4. Verify the scan tool Fuel Tank Pressure Sensor parameter is betweér71V3
t If not between the 1.31.7 V
Refer to P0452, P0453 within DTC P0451P0454.
p If between the 1.31.7 V
5. Install the fuel tank filler cap. Engine idling at operating temperature for 5 min.
6. Verify the scan tool Fuel Tank Pressure Sensor parameter does not incregseater than 2.5 V when
commanding the EVARurge Solenoid Valve to 50%.
t If greater than 2.5V
Refer to Circuit/System Testing.
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pIf 2.5V orless
7. Operate the vehicle within the conditions for running the DTC. You may also operate the vehicle hdthin t
conditions that yowbserved from the freeze frame/failure records data.
t Ifthe DTC sets
Refer to Circuit/System Testing.
p If the DTC does not set
8. All OK.

8.2.3.56.12. Circuit/System Testing

Note:
Perform the Circuit/System Verification before proceedaith the Circuit/System Testing.

1. Test for a blockage or restrictions in the EVAP system components listed below and repair as necessary.
1 Evaporative emission vent system hoses
1 Evaporative emission canister
1 Q13 Evaporative Emission Vent Solenoid Valve
1  Evaporative emission vent filter
2. Reconnect all previously disconnected EVAP hardware.

Note:
Refer to the GE 41418 operation manual for detailed instructions in Evaporative Emission Co
System Diagnosis.

3. Remove the fuel fill cap and conngloe CH 414180 to the fuel tank filler neck. Connect the GE 4141® the
CHA4141530.

4. Command the EVAP Purge/Seal function to System Seal with a scan tool to seal the EVAP system.

5. Turn the nitrogen/smoke valve on the GE 4141#8Aitrogen.

Note:
DO NOT exceed the specified value in this step. Exceeding the specified value may produce i
test results.

6. Use the remote switch to activate the GE 41413A
and pressurize the fuel tank to 5.0 in H20.
7. Verify the scan tool Fuel Tank PressBemsor parameter is 0 in H20 when commanding the EVAP Vent Solenoid
Valve to OFF.
t Ifnot 0in H20
Test for a blockage or a restriction in the EVAP vent hose or inlet. If the inlet or hose test normal, replace
the Q13 Evaporative Emission Vent Solenoidé/a
pIf 0in H20
8. Operate the vehicle within the conditions for running the DTC. You may also operate the vehicle within the
conditions that you observed from the freeze frame/failure records data.
t Ifthe DTC sets
Refer to step 1 above.
p If the DTC does not set
9. All OK.

8.2.3.56.13. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.
1  Evaporative Emission Canister Vent Solenoid Valve Replacement
1 Evaporative Emission Canister Replacement
1  Fuel Tank Pressure Sen&keplacement
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8.2.3.57. DTC P0449, P0498, or P0499
8.2.3.57.1Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Insictionsprovides an overview of each diagnostic category.

8.2.3.57.2DTC Descriptors

DTC P0449

Evaporative Emission (EVAP) Vent Solenoid Valve Control Circuit
DTC P0498

Evaporative Emission (EVAP) Vent Solenoid Valve Control Circuit Low Voltage
DTC P0499

EvaporativeEmission (EVAP) Vent Solenoid Valve Control Circuit High Voltage

8.2.3.57.3Diagnostic Fault Information

Circuit Short to Ground | Open/High Short to
Resistance Voltage

B+ P0449, P0498 P0449 -
Control P0449, P0498 P0449 P0449

8.2.3.57.4Circuit/System Description

Theevaporative emission (EVAP) vent solenoid valve is a normally open valve. Battery voltage is supplied to the EVAP
vent solenoid valve through a fuse. The engine control module (ECM) grounds the EVAP vent solenoid valve control
circuit through an internalwitch called a driver. The evaporative emission (EVAP) vent solenoid valve is a normally
open valve. Battery voltage is supplied to the EVAP vent solenoid valve through a fuse. A scan tool will display the
commanded state of the EVAP vent solenoid valv@dgNot Venting) or OFF (Venting).

8.2.3.57.5Conditions for Running the DTC
The DTCs run continuously.
8.2.3.57.6Conditions for Setting the DTC
P0449
The ECM detects the EVAP Vent Solenoid Valve control circuit is open within 0.25 s.
Poass The ECM detects the EVAP V8otenoid Valve control circuit is shorted to ground within 0.25 s.
Poaee The ECM detects the EVAP Vent Solenoid Valve control circuit is shorted to voltage within 0.25 s.
8.2.3.57.7Action Taken When the DTC Sets
DTC P0449, P0498 and P0499 are Type B DTCs.
8.2.3.57.8Conditions for Clearing the DTC
DTC P0449, P0498 and P0499 are Type B DTCs.

8.2.3.57.9Reference Information

Schematic Reference
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Engine Controls Schematics
Connector End View Reference
Component Connector End Views
Description and Operation
Evaporative Emission Conti®ystem Description
Electrical Information Reference
Circuit Testing
Connector Repairs
Testing for Intermittent Conditions and Poor Connections
Wiring Repairs
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
CGontrol Module References for scan tool information

8.2.3.57.10. Circuit/System Verification

Note:
An audible click may be heard when performing step 2 below.

1. Ignition ON.
2. Command the EVAP Vent Solenoid Valve to ON (Not Venting) and OFF (Venting) wittoal sdiite observing
the following control circuit status parameters:
1 EVAP Vent Solenoid Valve Control Circuit Open Test Status
1 EVAP Vent Solenoid Valve Control Circuit Low Voltage Test Status
1 EVAP Vent Solenoid Valve Control Circuit High Voltage Tass Stat
t If Malfunction is displayed
Refer to Circuit/System Testing
p If Malfunction is not displayed
3. Verify the EVAP Vent Solenoid Valve control circuit parameters above do not display Malfunction when moving the
related harnesses and connectors of the3X®Bvaporative Emission Vent Solenoid Valve.
t If Malfunction is displayed
Refer to Circuit/System Testing
p If Malfunction is not displayed
4. Operate the vehicle within the Conditions for Running the DTC. You may also operate the vehicle within the
conditions that you observed from the Freeze Frame/Failure Records data.
5. Verify the DTC does not set.
t Ifthe DTC sets
Refer to Circuit/System Testing
p If the DTC does not set
6. All OK.

8.2.3.57.11. Circuit/System Testing

1. Ignition OFF, disconnect the harness cotoreat the Q13 Evaporative Emission Vent Solenoid Valve, Ignition ON,
2. Verify that a test lamp illuminates between the B+ circuit terminal A or 2 and ground.
t If the test lamp does not illuminate and the circuit fuse is good
2.1. Ignition OFF, remoxbe test lamp.
HOH® ¢Sad F2NJ£Saa GKIYy H o m Ay GKS . b OANDdIAG SyR (2
t If 2mor greater, repair the open/high resistance in the circuit.
t If less than 2w, verify the fuse is not open and there is voltage at the fuse.
t If the test lamp does not illminate and the circuit fuse is open
2.1. Ignition OFF, remove the test lamp.
2.2. Test for infinite resistance between the B+ circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
t If infinite resistance, testll components connected to the B+ circuit for a short and replace as necessary.

u»
<
puls
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p If the test lamp illuminates
3. Verify that a test lamp does not illuminate between the B+ circuit terminal A or 2 and the control circuit terminal B or 1
t If the test lamp illuminates
3.1. Ignition OFF, remove the test lamp, disconnect the harness connector at the K20 Engine Control Module.
3.2. Test for infinite resistance between the control circuit and ground.
t If less than infinite resistance, repalre short to ground on the circuit.
t If infinite resistance, replace the K20 Engine Control Module.
p If the test lamp does not illuminate
4. Remove the test lamp.
5. Verify the scan tool EVAP Vent Solenoid Valve Control Circuit High Voltage Test &atesepas OK when commanding
the EVAP Vent Solenoid Valve to ON (Not Venting) with a scan tool.
t If OK is not displayed
5.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module, Ignition ON.
5.2. Test for less than 1 V betwettte control circuit and ground.
+ If 1V or greater, repair the short to voltage on the circuit.
t If less than 1V, replace the K20 Engine Control Module.
p If OK is displayed
6. Install a 3 A fused jumper wire between the control circuit terminal Basrdithe B+ circuit terminal A or 2.
7. Verify the scan tool EVAP Vent Solenoid Valve Control Circuit High Voltage Test Status parameter is Malfunction when
commanding the EVAP Vent Solenoid Valve to ON (Not Venting) with a scan tool.
t If Malfunction is not displayed
7.1. Ignition OFF, remove the jumper wire, disconnect the harness connector at the K20 Engine Control Module.
TOHD ¢Sad F2NJ £Saa GKFY W m Ay GKS O2yiNRf OANDdzAG SyR
t If 2mor greater, repair the open/high resistee in the circuit.
t If less than 2nreplace the K20 Engine Control Module.
p If Malfunction is displayed
8. Test or replace the Q13 Evaporative Emission Vent Solenoid Valve.

8.2.3.57.12. Component Testing

1. Ignition OFF, disconnect the harness connector at theEyaporative Emission Vent Solenoid Valve.
2.Testforlmn m 0SG6SSy GKS O2ydNRft GSN¥AYLIE . 2NJwm YR GKS . b OAl
t Ifnotbetween100o n m

Replace the Q13 Evaporative Emission Vent Solenoid Valve.
pIf between 160 1 m
3. All OK.

8.2.3.57.13. Repairlnstructions

Perform theDiagnostic Repair Verificati@iter completing the repair.
1 Evaporative Emission Canister Vent Solenoid Valve Replacement
1  Control Module Referencder ECM replacement, programming and setup
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8.2.3.58. DTC P045P0454
8.2.3.58.1Diagnosticinstructions

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic catggor

8.2.3.58.2DTC Descriptors

DTC P0451

Fuel Tank Pressure Sensor Performance
DTC P0452

Fuel Tank Pressure Sensor Circuit Low Voltage
DTC P0453

Fuel Tank Pressure Sensor Circuit High Voltage
DTC P0454

Fuel Tank Pressure Sensor Circuit Intermittent

8.2.3.58.3Diagnostic Faultnformation

Circuit Short to Ground High Open Short to Signal
Resistance Voltage Performance
5V Reference P0236, P0237, P0451 P0452 P0236, P0238, -

P0452, P0532, P0453, P0641,
P0641 P1101,P2227

Signal P0452 P0451 P0452 P0453 P0451,

P0454

Low Reference - P0446, P0451| P0453, P0463 - P0451

8.2.3.58.4Typical Scan Tool Data

Circuit Short to Ground Open Short to
Voltage

Operating Conditionslgnition ON, Engine OFF
Parameter Normal Range: tRB7 V

FTP Sensor 5 V Reference ov ov 4.2¢c5V
FTP Sensor Sigasl oV oV 5V
FTP Sensor Low Reference - 45V -

8.2.3.58.5Circuit/System Description

The Fuel Tank Pressure (FTP) sensor measures pressure or vacuum in the evaporative emission (EVAP) system. The
engine control module (ECM) supplies a 5 V reference and a low reference circuit to the FTP sensor. The FTP sensor
signal voltage varies dependjiron EVAP system pressure or vacuum. The controller also uses this FTP signal to
determine atmospheric pressure for use in the engafesmall leak test, DTC P0442. Before using this signal as an
atmospheric reference it must first be-meroed.

8.2.3.58.6Conditions for Running the DTC

P0451
1 DTC P0451 runs only when the engafenatural vacuum small leak test, P0442, executes.
1  The number of times this test runs can range frog@ @er engineoff period. The length of the test can be
up to 10 min.
P0452 and P0453
DTC P0452 and P0453 run continuously when the ignition is ON.
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P0454

1 DTC P0454 runs only when the engafEnatural vacuum small leak test, P0442, executes and the EVAP
Vent Solenoid Valve is closed.

This test can run once per engio# period. The lendt of the test can be up to 10 min.

A refueling event is not detected. A refueling event is confirmed if the fuel level has a persistent change of
10 % for 30 s.

= =

8.2.3.58.7Conditions for Setting the DTC

P0451

This DTC will set if the controller is unable tezezothe FTP sensor voltage within a calibrated range during
the engineoff small leak test, P0442.

P0452

The FTP sensor voltage is less than 0.15 V for more than 10 s.

P0453

The FTP sensor voltage is more than 4.9 V for more than 10 s.

P0454

If, during the engineoff natural vacuum small leak test, P0442, the ECM detects an abrupt FTP signal
change, other than a refueling event, this DTC will set. An abrupt change is defined as a change of 0.45 in
H20 in the span of 1 s but less than 1 in i202.5 ms.

8.2.3.58.8Action Taken When the DTC Sets

1 DTCs P0451 and P0454 are Type A DTCs.
1 DTCs P0452 and P0453 are Type B DTCs.

8.2.3.58.9Conditions for Clearing the MIL/DTC

1 DTCs P0451 and P0454 are Type A DTCs.
1 DTCs P0452 and P0453 are Type B DTCs.

8.2.3.58.10.

Diagnostic Aids

P045l1and P0454

il

= =4 =4

8.2.3.58.11.

A restriction in the EVAP canister or vent lines could prevent fuel vapor pressure from bleeding off fast enough. If
the vent system cannot bleed off pressure fast enough, theem® procedure may not complete successfully,
which could cause th

code to set.

Ensure that the reference port on the FTP sensor is unobstructed.

An FTP sensor that is skewed or does not have a linear transition from low to high may cause this code to set.
Scan tool output controls, snapshot, and plot functions kalp detect erratic sensor response. To test the

sensor signal under vacuum conditions, use the Quick Snapshot and the Purge/Seal functions to capture data
while commanding purge to 20 %, then plot the data to look for erratic sensor operation. A sestlaah be

done for the pressure side of the sensor operation by applying pressure with the GEA iR taking a
shapshot.

Reference Information

Schematic Reference

Engine Controls Schematics

Connector End View Reference

Component Connector End Views

Description and Operation

Evaporative Emission Control System Description

Electrical Information Reference

1  Circuit Testing
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Connector Repairs
Testing for Intermittent Conditions and Poor Connections
Wiring Repairs

DTC Type Reference

Powertrain Diagnosticrduble Code (DTC) Type Definitions

Scan Tool Reference

Control Module Referencder scan tool information

Special Tools

8.2.3.58.12.

GE 41413\ Evaporative Emission System Tester (EEST)

Circuit/System Verification

1. Remove the fuel cap.

2. Ignition ON, engine OFF.

3. Verify the scan tool FTP sensor parameter is between 1.3 and 1.7 V.
t If not between 1.31.7 V

Refer to Circuit/System Testing

p If between 1.31.7 V
4. All OK.

8.2.3.58.13.

1. Ignition OFF, all vehicle systems OFF, this may take up to fomatl, vehicle systems to power down. Disconnect

Circuit/System Testing

the harness connector at the B150 Fuel Tank Pressure Sensor.

H® ¢Said F2NJfSaa GKFEy p m 2F NBaraidlkyos

t If S5mor greater
2.1. Ignition OFF, disconctethe harness connector at the K20 Engine Control Module.

pLT

HOHd ¢Sad F2NJ £Saa GKIY w m Ay GKS
t If 2mor greater, repair the open/high resistance in the circuit.
t If less than 2, replace the K20 Engine Control Module.

tSaa GKIYy p m

3. Ignition ON.
4. Test for 4.85.2 V between the 5 V reference circuit terminal 3 and ground.
t Iflessthan 4.8V

4.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.

4.2. Test for infinite resistandeetween the 5 V reference circuit and ground.

t If less than infinite resistance, repair the short to ground on the circuit.

p If infinite resistance

ndod ¢Sad FT2NIfSaa GKFy uw m Ay (KS
t If 2mor greater, repair the open/high resistance in the circuit.

t If less than 2w, replace the K20 Engine Control Module.

t If greater than 5.2V
4.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module, ignition ON.

4.2. Test fotess than 1 V between the 5 V reference circuit and ground.
t If 1V or greater, repair the short to voltage on the circuit.
t Ifless than 1V, replace the K20 Engine Control Module.

p If between 4.85.2 V

5. Verify the scan tool FTP parameter is lessith.2 V.
t If 0.2 V or greater

5.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module, ignition ON

5.2. Test for less than 1 V between the signal circuit terminal 1 and ground.
+ If 1V or greater, repair the short to voltaga the circuit.
t If less than 1V, replace the K20 Engine Control Module.

p If less than 0.2 V
6. Install a 3 A fused jumper wire between the signal circuit terminal 1 and the 5 V reference circuit terminal 3.
7. Verify the scan tool FTP sensor parametareater than 4.7 V.
plf4.7Vorless
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7.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.

7.2. Test for infinite resistance between the signal circuit terminal 1 and ground.

t+ If less than infinite resistance, repaire short to ground on the circuit.

p If infinite resistance

Thod ¢Said F2N) £Saa Ky H m Ay GKS aAradylrt OANDdAG SyR (2
t If 2mor greater, repair the open/high resistance in the circuit.

t If less than 2w, replace the K20 Engine Control Module.

p If greater than 4.7 V

8. Test or replace the B150 Fuel Tank Pressure Sensor.

8.2.3.58.14. Repair Instructions

Perform theDiagnostic Repair Verificati@after completing the repair.
1 Fuel Tank Pressure Sensor Replacement
1  Control Module Referencder ECM replacemensetup, and programming.

304

REVISION1.0
RELEASE DAJE&6/2017



VeniceService Manual

Engine / Propulsion

VANDERHALL

8.2.3.59. DTC P0455
8.2.3.59.1Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.59.2DTC Descriptor

DTC P0455
Evaporative Emission (EVAP) System Large Leak Detected

8.2.3.59.3Circuit/System Description

The engine control module (ECM) tests the evaporative emission (EVAP) system for a large leak or restrictions to the
purge path in the EVAP system. When the enabling criteria has been met, the ECM commands the EVAP vent solenoid
valve and purge solenoid lv@ ON, allowing vacuum into the EVAP system. The ECM monitors the fuel tank pressure
(FTP) sensor voltage to verify that the system is able to reach a predetermined level of vacuum within a set amount of
time.

8.2.3.59.4Conditions for Running the DTC

1 DTCs P0O0C8p@C9, P0O10C, P010D, P16A0, P16A1, P16A2, P160E, P160D, P16F3, P0068, P0101, P0102, P0103, P0111,
P0112, P0113, P0114 P0O116, P0117, P0118, P0122, P0123, P0125, P0128, P0191, P0192, P0193, P0222, P0223, P0443,
P0449, P0452, P0453, P0454, P0502, P0503, PRB6A4, P0606, P0722, P0723, P1104, P1682, P2100, P2101,

P2102, P2103, P2135, P2176, P2227, P2228, P2229, P2230 are not set.

The ignition voltage is between 432 V.

The barometric pressure (BARO) is greater than 70 kPa.

The fuel level is between £00%.

The EVAP purge flow is greater than 4.50%

The cold startup engine coolant temperature (ECT) and the startup intake air temperature (IAT) are within 8°C (46°F).

The startup engine coolant temperature (ECT) is less than 35°C (95°F).

The startup intake air teperature (IAT) is betweenc30°C (3§86°F).

DTC P0455 runs once per cold start, for up to 17 min, when the above conditions are met.

= =4 =8 =8 -8 a8

8.2.3.59.5Conditions for Setting the DTC

1 The EVAP system is not able to achieve or maintain a calibrated level of vacuum witrémaset of time.

1  After setting the DTC for the first time, 2 L (0.5 gal) of fuel must be consumed before setting the DTC for the second
time.

1 With a DTC P0455 detected a weak vacuum foelipviest (fuel cap replacement test) will run and passes if tank
vacuum is greater than 2.74 kPa (11 in H20). This test will run for a maximum of 21 min. This test runs until it passes.

8.2.3.59.6Action Taken When the DTC Sets
DTC P0455 is a Type B DTC.

8.2.3.59.7Conditions for Clearing the MIL/DTC
DTC P0455 is a Type B DTC.

8.2.3.59.8DiagnosticAids

1 Inspect for a loose, missing, damaged, or incorrect fuel fill cap.
1 Inspect for a damaged fuel filler neck seal surface.
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A blockage or restriction in the EVAP purge solenoid valve, purge pipe, EVAP canister, or vapor pipe, can cause this
DTC to set.

The EVAP system can be filled with smoke more quickly and completely by opening the system opposite the end
where the smoke is injected. For example, when injecting smoke at the service port remove the fuel fill cap, or
temporarily leave the vent open, unsimoke is observed, then close the system and continue testing. If using a fuel

cap adapter at the filler neck, use the J 41413/ at the service port to allow the system to fill faster.

To help locate intermittent leaks using the GE 4141 3nove all EXP components while observing smoke with the

GE 4141%5PT.

Individual components can be isolated and tested using adapters in the J 41413300.

When servicing the EVAP system, test pressure must not exceed 13 in H20 (0.5 PSI) as pressure in excadsl of this co
cause system components to perform inaccurately.

A condition may exist where a leak in the EVAP system only exists under a vacuum condition. This type of leak may be
detected by using the scan tool Purge/Seal function to create a vacuum in the EV&XR @yd then observe the FTP
Sensor parameter for vacuum decay.

8.2.3.59.9Reference Information

Schematic Reference

Engine Controls Schematics

Connector End View Reference

Component Connector End Views

Description and Operation

Evaporative Emission Control Systeas&iption

Electrical Information Reference

1
f
f
1

Circuit Testing

Connector Repairs

Testing for Intermittent Conditions and Poor Connections
Wiring Repairs

DTC Type Reference

Powertrain Diagnostic Trouble Code (DTC) Type Definitions

Scan Tool Reference

Control Module Referencder scan tool information

Special Tools

CH 48096 EVAP Service Access Port Tool

GE 414180 Fuel Tank Cap Adapter

GE 41413\ Evaporative Emissions System Tester (EEST)
J 41413300 EVAP Cap and Plug Kit

GE 414138PT High Intensity Mie Light

J 41413311 EVAP Plug (Brass Nozzle)

J 41413VLV EVAP Service Port Vent Fitting

8.2.3.59.10. Circuit/System Testing

Important:
1 Larger volume fuel tanks and/or those with lower fuel levels may require several min
for the floating indicator to stabilizer produce smoke from a leak.
1 Refer to the GE 41418 operation manual for detailed instructions in Evaporative
Emission Control System Diagnosis.

1. Disconnect the purge tube at the quick connector on the EVAP canister side of the purge solencahd/ametall the CH

48096.

2. Connect the GE 41448to the vehicle EVAP service port adapter.

3. Command the EVAP Purge/Seal function to System Seal with a scan tool to seal the EVAP system.

4. Verify that there is no leak in the EVAP system using thenfieter on the GE 41413A, calibrated to 0.51 mm (0.020 in)..
t If aleak is detected
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4.1. Apply smoke to the EVAP system at the service access port adapter with the GE 41413A.
4.2. Locate the leak using the GE 41413SPT

t When the leak is located, repair mplace the affected component as necessary.

p If no leak detected

Note:
The steps below test for a restriction in the purge path.

5. Connect the GE 41418Arogen/smoke hose to the J 41413311.
6. Disconnect the hose at the fuel cap end of thed®&1530and connect to the J 41413311.
7. Install the GE 414153fller neck end only, to the vehicle.
8. Engine idling, command the Purge/Seal function to System Seal with a scan tool to seal the system.
9. Command the EVAP Purge Solenoid Valve ton88%& scan tool.
10. Verify the vacuum/pressure gauge on the GE 4148Athe scan tool Fuel Tank Pressure Sensor parameter both show
vacuum.
t If the vacuum/pressure gauge shows vacuum, but the FTP parameter does not show vacuum
Replace the B150 FuelikaPressure Sensor.
t If neither the FTP parameter nor the vacuum/pressure gauge shows vacuum
Repair the restriction in the purge path.
11. Verify that the Fuel Tank Pressure Sensor parameter increases to greater than 3.2 V, and the pressure valiks are sim
between the scan tool Fuel Tank Pressure Sensor and the vacuum/pressure gauge on the GE 41413A.
t If not within the specified range
Replace the B150 Fuel Tank Pressure Sensor.
p If within the specified range
12. All OK

8.2.3.59.11. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.
1 Fuel Tank Pressure Sensor Replacement
1  Control Module Referencder ECM replacement, programming and setup
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8.2.3.60. DTC P0496

8.2.3.60.1Diagnostic Instructions
o Perform the Diagnostic System Check Melpdor to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.60.2DTC Descriptor

DTC P0496
Evaporative Emission (ERASystem Flow During N&wurge

8.2.3.60.3Circuit/System Description

This DTC tests for undesired intake manifold vacuum flow to the evaporative emission (EVAP) system. The engine control
module (ECM) seals the EVAP system by commanding the EVAP purge soleaddfahnd the vent solenoid valve ON. The

ECM monitors the fuel tank pressure (FTP) sensor to determine if a vacuum is being drawn on the EVAP system. If vacuum in
the EVAP system is more than a predetermined value within a predetermined time, this BTC set

The table listed below illustrates the relationship between the ON and OFF states, and the Open or Closed states of the EVAP
purge and vent solenoid valves.

ECM Command EVAP Purge Solenoid Valve EVAP Vent Solenoid Valve
ON Open Closed
OFF Closed Open

8.2.3.60.4Conditions for Running the DTC

1 DTCs P0068, POOCS8, POOC9, POOCA, P0090, P0091, P0092, P0106, P0O107, P0108, P0111, P0112, PO113, P0114, P01186,
P0117, P0118, P0122, P0123, P0125, P0128, P0191, P0192, P0193, P0222, P0223, P0601, P0604, P0606, P0697,
PO6A3P06DB, PO6DE, POALD, P1104, P127A, P127C, P127D, P15F2, P160D, P160E, P1682, P16A0, P16A1, P16A2,
P16F3, P0443, P0449, P0452, P0453, P0454, P0502, P0503, P0722, P0723, P2100, P2101, P2102, P2103, P2122,
P2123, P2127, P2128, P2135, P2138, P215B, P2176€;,F2Z8D, U0073, U0074, U0293, U1817, are not set.

The ignition voltage is between 432 V.

The engine OFF time is greater than 48 min,

The barometric pressure (BARO) is greater than 70 kPa.

The fuel level is between £00%.

The startup engine coolam¢mperature (ECT) is less than 35°C (95°F).

The startup intake air temperature (IAT) is betwee34°C (3§93°F).

DTC P0496 runs once per cold start, for up to 17 min, when the above conditions are met.

=A =4 =8 -8 -8 -8

8.2.3.60.5Conditions for Setting the DTC

1 The ECM detects motban 10 in H20 vacuum for 5 s during a fpamge condition.
1  This test will run with the purge valve closed and the vent valve closed.

8.2.3.60.6Action Taken When the DTC Sets
DTC P0496 is a Type B DTC.
8.2.3.60.7Conditions for Clearing the MIL/DTC

DTC P0496 is a Type B DTC.
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8.2.3.60.8Diagnostic Aids

An intermittent condition could be caused by:
1 Improper installation
1 Damaged
1  Temporary blockage
1  Valve or system tubing restriction

8.2.3.60.9Reference Information

Schematic Reference
Engine Controls Schematics
Connector End View Reference
Component Connector End Views
Powertrain Component View
Powertrain Component Views
Description and Operation
Evaporative Emission Control System Description
Electrical Information Reference
1  Circuit Testing
1  Connector Repairs
1  Testing for Intermittent Condibins and Poor Connections
1  Wiring Repairs
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control Module Referencder scan tool information

8.2.3.60.10. Circuit/System Verification

1. Operate the vehicle within the Coaitidns for Running the DTC. You may also operate the vehicle within the
conditions that you observed from the Freeze Frame/Failure Records data.
2. Verify the DTC does not set.
t Ifthe DTC sets
Refer to Circuit/System Testing
p If the DTC does not set
3.All OK

8.2.3.60.11. Circuit/System Testing

Note:
1 Vehicle and service department temperature and fuel level (vapor pressure) can affect the fuel tank pressure sensor
parameter. Ensure the vehicle temperature has stabilized to service department temperature to ereatesgaccuracy.
1 Be sure the EVAP Purge Solenoid Valve command is 0% or this test will not work.
. Ignition ON.
. Command the EVAP Purge/Seal function to System Seal or Not Venting with a scan tool.
. Engine Running.
. Verify the Fuel Tank PressuenSor parameter is less than 1.9 V for greater than 90 s.
If greater than 1.9V
Replace the Q12 Evaporative Emission Purge Solenoid Valve
plflessthan 1.9V
5. AllOK

T hWNP

8.2.3.60.12. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing theepair.
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Evaporative Emission Canister Purge Solenoid Valve Replacement
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8.2.3.61. DTC P0506 or PO507
8.2.3.61.1Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
o0 ReviewStrategy Based Diagno&is an overview of thaliagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.61.2DTC Descriptors

DTC P0506

Idle Speed Low
DTC P0507

Idle Speed High

8.2.3.61.3Circuit/System Description

The throttle actuator control (TAC) motor is contrallby the engine control module (ECM). The DC motor located in
the throttle body drives the throttle blade. In order to decrease idle speed, along with spark and fuel delivery changes
the ECM commands the throttle closed reducing air flow into the engirkthe idle speed decreases. In order to
increase idle speed, the ECM commands the throttle plate open allowing more air to pass the throttle plate.

8.2.3.61.4Conditions for Running the DTC

1 DTCs P0068, P0101, P0102, P0103, P0112, PO113, PO116, P0117, PO1IB)EIN 200122, P0123, P0128, P0171,
P0172, P020gP0204, P0220, P0222, P0223, P@BWB04, PO35P0354, PO461P0463, P0496, P0606, P0722,
P0723, P1516, P206©2068, P2101, P2135 are not set.

The engine is operating for at least 60 s.

The barometric presser(BARO) is greater than 70 kPa (11 psi).

The engine coolant temperature (ECT) is greater than 60°C (140°F).

The system voltage is betweencBP V.

The transmission is not changing gears.

The torque converter clutch (TCC) is not changing states.

Theintakd A NJ G SYLISNIF GdzNB o6L! ¢0 Ad 6FNYSN GKIYy bHnc/ o6bncCO®
The vehicle speed is less than 3 km/h (2 mph)

The commanded engine speed is steady within 25 RPM.

The engine is idling for greater than 5 s.

A scan tool output control is not active.

DTC P0506 and PO5@ihrcontinuously when the above conditions are met for greater than 10 s.

B I R I R I B B R R |

8.2.3.61.5Conditions for Setting the DTC
P0506
The actual idle speed is approximately 91 RPM lower than the desired idle speed.
P0507
The actual idle speed is approximately 182 RPM greater tie desired idle speed.
8.2.3.61.6Action Taken When the DTC Sets
DTCs P0506 and P0507 are Type B DTCs.
8.2.3.61.7Conditions for Clearing the MIL/DTC

DTCs P0506 and P0507 are Type B DTCs.
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8.2.3.61.8Diagnostic Aids

1 A stalling condition can cause DTC P0506 to set.
1 Anintermittentvehicle speed sensor (VSS) signal can cause DTC P0507 to set.
1 Anintermittent clutch pedal position sensor signal, if equipped, can cause DTC P0506 to set.

8.2.3.61.9Reference Information

Schematic Reference
Engine Controls Schematics
Connector End View Reference
Component Connector End Views
Description and Operation
Throttle Actuator Control (TAC) System Description
Electrical Information Reference
1 Circuit Testing
1  Connector Repairs
i  Testing for Intermittent Conditions and Poor Connections
1  Wiring Repairs
DTC Typ&eference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control Module Referencder scan tool information

8.2.3.61.10. Circuit/System Verification

1. Ignition ON.
2. Verify no other DTCs set.
t If any other DTC is set
Refer to Diagndg& Trouble Code (DTC) List Vehicle for further diagnosis.
p If no other DTC is set
3. Verify the scan tool Throttle Body Idle Airflow Compensation parameter is less than 90 %.
t 90 % or greater
Refer to Throttle Body Inspection and Cleaning.
p If less than 90 %
4. Engine Idling at the normal operating temperature.

Note:
The engine must run for greater than 60 s, then idle at a steady state for an additional 10 s
comparing the actual and desired engine speed parameters.

5. Verify the actuaEngine Speed is not 100 RPM less than the Desired Idle Speed.
t If 100 RPM less than the Desired Idle Speed
Refer to Circuit/System Testing
p If 100 RPM greater than the Desired Idle Speed
6. Verify the actual Engine Speed is not 200 RPM greater tharegieed Idle Speed.
t If 200 RPM greater than the Desired Idle Speed
Refer to Circuit/System Testing
p If 200 RPM less than the Desired Idle Speed
7. Operate the vehicle within the Conditions for Running the DTC. You may also operate the vehicle within the
conditions that you observed from the Freeze Frame/Failure Records data.
8. Verify the DTC does not set.
t If the DTC sets
Refer to Circuit/System Testing
p If the DTC does not set
9. AllOK
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8.2.3.61.11. Circuit/System Testing

P0506

1. Verify the conditions listedelow do not exist.

1 Restricted exhaust

1 Mechanical conditions that limits engine speed

1 Parasitic load on the engime~or example, a transmission condition, a belt driven accessory condition.
t If a condition is found

Repair as necessary.

p If a condition isnot found
2. All OK.

P0O507

1. Verify the conditions listed below do not exist.
1 Vacuum leaks
1 Athrottle valve that does not close correctly
1  Verify the correct operation of the crankcase ventilation system. Inspect for the conditions listed below:
C Improperrouting of the positive crankcase ventilation (PCV) system
C Vacuum leaks in the PCV system.

t+ If a condition is found

Repair as necessary.
p If a condition is not found
2. All OK.

8.2.3.61.12. Repair Instructions

Perform theDiagnostic Repair Verificati@fter completing the repair.
Throttle Body Assembly Replacement
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8.2.3.62. DTC PO5SAR057D

8.2.3.62.1Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostapproach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.62.2DTC Descriptors

DTC P0O57B

Brake Pedal Position Sensor Performance
DTC P0O57C

Brake Pedal Position Sensor Circuit Low Voltage
DTC PO57D

Brake Pedal Position Sensgircuit High Voltage

8.2.3.62.3Diagnostic Fault Information

Circuit Short to Ground | Open/High Short to Signal
Resistance Voltage Performance
Signal P0O57C P0O57C P057D P057B
5V Reference PO57C PO57C P0651 -
P0651
Low Reference - P0O57D P057D -

8.2.3.62.4Typical Scai ool Data

Brake Pedal Position Sensor

Circuit Short to Ground Open/High Short to
Resistance Voltage
Signal oV oV -
5 V Reference oV ov 5V
Low Reference - 5V -

8.2.3.62.5Circuit/System Description

The brake pedal position (BPP) sensor is part oketigine brake pedal override feature. The engine control module
(ECM) continuously monitors the vehicle speed and the position of the brake pedal. These two main inputs, along
with other ECM inputs are used to determine if the vehicle is decelerating apribiger speed and rate with the

brake pedal applied. When the engine brake pedal override system is active, the ECM reduces engine torque to assist
in reducing vehicle speed.

The BPP sensor is a six wire sensor, and is part of a dual brake position 8eres®&PP Sensor is used for the stop

lamps and the other BPP Sensor is used for the engine brake pedal override feature. The BPP Sensor for engine brake
pedal override communicates with the ECM. The ECM supplies a 5 V reference circuit, low refereitcandrsignal

circuit to the BPP sensor. The BPP sensor sends a voltage signal to the ECM on the signal circuit. The voltage on the
signal circuit will vary from a voltage greater than 0.25 V when the brake pedal is released to a voltage less than 4.75
Vwhen the brake pedal is fully applied.

For information on the Stop Lamps side of the BPP Sensor, refer to Exterior Lighting Systems Description and
Operation.
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8.2.3.62.6Conditions for Running the DTC

P0O57B

DTC PO57C or PO57D is not set.

Ignition voltage igreater than 10 V.

Starter is not engaged.

Shift lever has been in Park at least once during key ON.
Shift lever is not in Park.

Vehicle speed is 8 km/h (5 MPH) or greater.

Accelerator Pedal Position is less than 5 %.

DTC runs once per trip when above citioths are met.

=A =4 =8 -4 a8 e

P057C or PO57D
1 Ignition voltage is greater than 10 V.
1 DTC runs continuously when above condition is met.

8.2.3.62.7Conditions for Setting the DTC

P0O57B

ECM detects the brake pedal position sensor signal is stuck in a range for less than 1 s.
P0O57C

ECM detects the brake pedal position sensor voltage is less than 0.25 V for less than 1 s.
PO57D

ECM detects the brake pedal position sensor voltage is greater than 4.75 V for less than 1 s.

8.2.3.62.8Action Taken When the DTC Sets

1 PO057B, PO57C, and PO57D are Ty Cs.
1 Brake Pedal Position Sensor parameter defaults to 0 %.

8.2.3.62.9Conditions for Clearing the DTC
P057B, PO57C, and PO57D are Type A DTCs
8.2.3.62.10. Reference Information

Schematic Reference
1  Engine Controls Schematics
1  Exterior Lights Schematics
Connector End View Refence
1 Component Connector End Views
1 Inline Harness Connector End Views
Electrical Information Reference
1 Circuit Testing
1 Connector Repairs
1  Testing for Intermittent Conditions and Poor Connections
1  Wiring Repairs
DTC Type Reference
Powertrain Diagnosti@rouble Code (DTC) Type Definitions
Scan Tool Reference
Control Module Referencder scan tool information
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8.2.3.62.11. Circuit/System Verification
Note:
The Brake Pedal Position sensor scan tool data is located in the ECM automatic transmissi
list.
1. Ignition ON.

2. Verify DTC P0641, P0651, P0697, or PO6A3 is not set.
t If any of the DTCs are set
Refer to Diagnostic Trouble Code (DTC) List Vehicle.
p If none of the DTCs are set
3. Transmission in Park, and service brake pedal released.
4. Verify thescan tool Brake Pedal Position Sensor parameter is greater than 0.25 V.
t If0.25V or less
Refer to Circuit/System Testing.
p If greater than 0.25 V
5. Verify the scan tool Brake Pedal Position Sensor parameter voltage changes as the brake pedal enappliess
than 4.75 V when the brake pedal is fully applied.
t If the voltage does not change, or is 4.74 V or greater
Refer to Circuit/System Testing.
p If the voltage changes and is less than 4.75 V
6. Verify the scan tool Brake Pedal Position Sehsarned Release Position parameter is within 0.1 V of the Brake
Pedal Position Sensor parameter when the brake pedal is fully released.
t If difference is greater than 0.1 V
Perform the Brake Pedal Position Sensor Learn.
p If difference is 0.1 V or less
7. Verify the Brake Pedal Position Sensor parameter transitions smoothly without any spikes or dropouts when slowly
applying and releasing the brake pedal.
t If parameter does not transition smoothly or has spikes or dropouts
Refer to Circuit/System Testing
p If parameter transitions smoothly and there are no spikes or dropouts
8. Operate the vehicle within the Conditions for Running the DTC. You may also operate the vehicle within the
conditions that yowbserved from the Freeze Frame/Failure Records data.
9. Verify the DTC does not set.
t If the DTC sets
Refer to Circuit/System Testing.
p If the DTC does not set
10. All OK.

8.2.3.62.12. Circuit/System Testing

Note:
You must perform the Circuit/System Verification first.

1. Ignition OFF and all vehicle systems @KEpnnect the harness connector at the B22 Brake Pedal Position Sensor.
It may takeup to 2 minutes for all vehicle systems to power down.

Note:
All terminal references are for the vehicle harness brake pedal position sensor connector.

2.Testforleds GKFIY mn m 0SG6SSy GKS t2¢ NBEFSNBEYOS OANDdIA G G SNIYA
+ LT mn m 2NJ INBFGSNI
2.1. Disconnect the harness connector at the K20 Engine Control Module.

HPHD ¢Sad FT2NI £fSaa GKIY W m Ay (GKS f26 NBFSNByOS OAN
t LT v m 2N IANBFGSNE NBLI AN 6KS 2LISykKAIK NBaradl
t LT £834a GKFEY W mZ NBLXFOS GKS Yun 9y3IAYS [/ 2y iNER
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pLFT tSaa GKFy mn m
3. Ignition ON.
4. Test for 4.85.2 V between the 5 V reference circuit terminal 5 and ground.
t Ifless thard.8 V
4.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module.
4.2. Test for infinite resistance between the 5 V reference circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance.

ndod ¢Sad F2NJ £Saa GKIYy w m Ay GKS p = NBFSNByOS
t LT #H m 2NJ ANBIFGSNE NBLI AN GKS 2LISykKAITK NBa
t LT £Saa GKFy H mX NBLIIFOS G4KS Yun 9y3rayS [ 2

t If greaterthan 5.2V
4.1. IgnitionOFF, disconnect the harness connector at the K20 Engine Control Module, ignition ON.
4.2. Test for less than 1 V between the 5 V reference circuit and ground.
+ If 1V or greater, repair the short to voltage on the circuit.
t Ifless than 1V, replace th€20 Engine Control Module.
p If between 4.85.2 V
5. Verify the scan tool Brake Pedal Position Sensor parameter is less than 0.25 V.
t 1f0.25V or greater
5.1. Ignition OFF, disconnect the harness connector at the K20 Engine Control Module, ignition ON.
5.2. Test for less than 0.25 V between the signal circuit terminal 4 and ground.
+ If0.25 V or greater, repair the short to voltage on the circuit.
t If less than 0.25 V, replace the K20 Engine Control Module.
p If less than 0.25 V
6. Install a 3 A fusgdmper wire between the signal circuit terminal 4 and the 5 V reference circuit terminal 5.
7. Verify the scan tool Brake Pedal Position Sensor parameter is greater than 4.8 V.
t If4.8Vorless
7.1. Ignition OFF, remove the jumper wire, and disconneethirness connector at the K20 Engine Control
Module.
7.2. Test for infinite resistance between the signal circuit terminal 4 and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance.
73.Testfof S&da GKIFY W m Ay GKS aiaayrt OANDdz
t LT B om 2NJ INBFGSNE NBLI AN §KS 2
t LT fS5&4a G Ktheyk20iEnginE CoNtB®ILMbdul6. S
p If greater than 4.8 V
8. Replace the B22 Brake Pedal Position Sensor.

> (N
W
¢
- e

8.2.3.62.13. Repairlnstructions

Perform theDiagnostic Repair Verificati@iter completing the repair.
1 Brake Pedal Position Sensor Replacement
1 Perform theBrake Pedal Position Sensor Lefalfowing the replacement of the ECM or BPP sensor, or any repair
that effectsthe BPP sensor alignment.
1 Control Module Referencder Engine Control Module replacement, programming and setup.
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8.2.3.63. DTC PO5CC or PO5CE
8.2.3.63.1Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.63.2DTC Descriptors

DTC P0O5CC

Cold Start Intake Camshaft Position System Performance
DTC PO5CE

Cold StarExhaust Camshaft Position System Performance

8.2.3.63.3Circuit/System Description

The camshaft position actuator system enables the engine control module (ECM) to change the timing of the
camshafts while the engine is operating. The camshaft position actuatoradlsignal from the ECM is pulse width
modulated (PWM). The ECM controls the camshaft position actuator solenoid duty cycle by controlling the amount of
solenoid On time. The camshaft position actuator solenoid controls the advance or the retard of ewmitaftaThe
camshaft position actuator solenoid controls the oil flow that applies the pressure to advance or retard the
camshafts.

8.2.3.63.4Conditions for Running the DTC

DTC P0010, P0013, PO016, P0017, P0335, P0340, P0341, P0365, or P0366 is not set.
Engine isunning.

Ignition voltage is greater than 11 V.

Camshaft position actuator is enabled.

The rate of change in the camshaft position is less than 3° for 4 s.

The DTCs run continuously once the above conditions are met for greater than 0.1 s.

=A =4 =4 -8 a9

8.2.3.63.5Conditions forSetting the DTC

The ECM detects a difference between the camshaft position angle and the desired camshaft position angle is greater
than 6 to 10° based on engine coolant temperature and engine speed.

8.2.3.63.6Action Taken When the DTC Sets

DTCs PO5CC and POSCHEgpe B DTCs.
8.2.3.63.7Conditions for Clearing the DTC

DTCs PO5CC and PO5CE are Type B DTCs.

8.2.3.63.8Diagnostic Aids

1 The engine oil condition has a major impact on the camshaft actuator system.

1 Alow oil level condition may set this DTC. The engine may require anmgecHaquire with the customer when the
last oil change was performed. You may also monitor the scan tool Engine Oil Life Remaining parameter. Advise the
customer an oil change may be required.

1 Inspect the engine for any recent engine mechanical repairsnéorrectly installed camshaft, camshaft actuator, or
timing belt can cause this DTC to set.

¢ ! NBarAadlryOS aANBIGSNI GKFY v m 2y (GKS OFYaklTid LRairdizy
suspect high resistance, ground the cattircuit while the engine is idling. The scan tool Intake or Exhaust Camshaft
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Position Actuator Solenoid Valve Control Circuit Low Voltage Test Status should display Malfunction. If the parameter
displays OK, test the control circuit for high resistance.
8.2.3.63.9Reference Information

Schematic Reference
Engine Controls Schematics
Connector End View Reference
Component Connector End Views
Component View Reference
Powertrain Component Views
Description and Operation
Camshaft Actuator System Description
Electricallnformation Reference
1  Circuit Testing
1  Connector Repairs
1  Testing for Intermittent Conditions and Poor Connections
1 Wiring Repairs
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control Module Referencder scan tool information.

8.2.3.63.10. Circuit/System Verification

Note:
1  The engine oil level and the oil pressure are critical to the correct operation of the
camshaft position actuator system. Verify that the engine has the correct oil level ang
correct oilpressure before continuing with this diagnostic.

1 The engine oil condition has a major impact on the camshaft actuator system. Debrig
the oil can interfere with the camshaft position actuator solenoid and the mechanical
camshaft actuator operation. Inspt for dirty or degraded crankcase oil. The engine m
require an oil change. Inquire with the customer when the last oil change was perforr
You may also monitor the scan tool Engine Oil Life Remaining parameter. Advise the
customer an oil change may bequired.

1. Ignition On.
2. Verify the correct engine oil pressure. Refer to Oil Pressure Diagnosis and Testing.
t If the oil level and the oil pressure are not correct
Repair as necessary
p If the oil level and the oil pressure are correct

Note:
If a crankshaft or camshaft position sensor DTC is set, the scan tool Camshaft Position A
output control will not function.

3. Verify DTC P0010, P0013, P0016, PO017, P0335, P0336, P0340, P0341, P0365, P0366, P2088, P2089, P2090 or P2091 is not
set.
t If any of the DTCs are set
Refer to Diagnostic Trouble Code (DTC) List Vehicle for further diagnosis.

p If none of the DTCs are set
4. Engine idling.
5. Verify the scan tool parameters are less than 2° in each of the commanded states when comman@iagshaft Position
Actuator from @20° and back to 0° with the scan tool.

1 Intake Camshaft Position Variance
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1 Exhaust Camshaft Position Variance
t If 2°or greater
Refer to Circuit/System Testing.
p If less than 2°
6. Verify that DTC P0011 or PO014 is not se
t If any of the DTCs are set
Refer to Circuit/System Testing.
p If none of the DTCs set
7. Operate the vehicle within the Conditions for Running the DTC. You may also operate the vehicle within the conditions that
youobserved from the Freeze Frame/la@ Records data.
8. Verify the DTC does not set.
t Ifthe DTC sets
Refer to Circuit/System Testing.
p If the DTC does not set
9. All OK.

8.2.3.63.11. Circuit/System Testing

1. Ignition Off, disconnect the harness connector at the appropriate Q6 Camshaft Péaiti@ior Solenoid Valve. It may take

up to 2 minutes for all vehicle systems to power down.

Hd ¢Said F2NJ £S8aa GKFEYy p m 68G6S8SSy GKS t26 NBFTSNByOS OANDdZ i
t LT p m 2NJ INBIFGSNI

2.1. Ignition Off, disconnect the harness connector atk2@ Engine Control Module.

HOHD ¢S&ad T2N £Saa GKIYy H m Ay (GKS t26 NBFSNBYyOS OANDdzA
t LT v m 2N IANBFGSNE NBLI AN GKS 2LISykKAIK NBaraidlydS Ay GKS
t LT €834 GKFEY W mX NBLXFOS GKS Ywn 9y3AyS /2yiNRf az2RdzZ So
pLFT tSaa 0GKIFYy p m
3. Ignition Q.

Note:
A test lamp must be used for this test. The control circuit is pulietb a low current voltage, 16
4.5V on the contratircuit is normal.

4. Verify that a test lamp does not illuminate between the control circuit terminal 2 and ground.
t If the test lamp illuminates
4.1. Ignition Off, disconnect the harness connector at the K20 Engine Control Module, ignition On.
4.2. Test for less than 1 V between the control circuit and ground.
t If 1V or greater, repair the short to voltage on the witc
t If less than 1V, replace the K20 Engine Control Module.
p If the test lamp does not illuminate
5. Remove the test lamp.
6. Verify the scan tool parameters listed below do not display Malfunction when commanding the appropriate Camshaft
PositionActuator Solenoid Valve On with a scan tool.
1 Intake Camshaft Position Actuator Solenoid Valve Control Circuit Low Voltage Test Status
1 Exhaust Camshaft Position Actuator Solenoid Valve Control Circuit Low Voltage Test Status
1 Intake Camshaft Position Actuat8olenoid Valve Control Circuit High Voltage Test Status
1 Exhaust Camshaft Position Actuator Solenoid Valve Control Circuit High Voltage Test Status
t If Malfunction is displayed
6.1. Ignition Off, disconnect the harness connector at the K20 Engine Cliattiole.
coHd ¢Sail FT2NIfSaa GKFEYy w m Ay GKS O2yiGNBf OANDdAG SyR
t If 2mor greater, repair the open/high resistance or short to ground in the circuit.
t If less than 2, replace the K20 Engine Control Module.
p If Malfunction is not displayed
7. Ignition Off, remove the Q6 Camshaft Position Actuator Solenoid Valve.
8. Verify the conditions listed below do not exist with the Q6 Camshaft Position Actuator Solenoid Valve:
8.1. Torn, restricted, mipositioned, or missing screens.
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8.2. Engine oil ledietween the oil sealing lands of the solenoid. Inspect the lands of the solenoid for nicks.

8.3. Oil seepage at the solenoid connector.
t If a condition is found

Replace the Q6 Camshaft Position Actuator Solenoid Valve.
p If a condition is not found

Note:

connectors and the solenoids.

After swapping toe solenoids, install jumper wires to the appropriate terminals of the hal

9. Ignition Off, swap the Q6 Camshaft Position Actuator Solenoid Valve with the Q6 Camshaft
that is operating correctly.
10. Engine idling.

Position Actuator Solenoid Valve

11. Verify the scan tool Camshaft Position Variance parameter is less than 2° in each of the commanded states when

commanding the Camshaft Position Actuator frog20° and back to 0° with a scan tool.
t If 2°or greater
Replace the mechanical camshaft position actuator.
p If less than 2°
12. Test or replace the Q6 Camshaft Position Actuator Solenoid Valve.

8.2.3.63.12. Component Testing

1. Ignition Off, disconnect the harness connector at the Q6 Camshaft Position Acattanid Valve
2. Testformmn m 0S0GsSSy (GKS O2yGNBEt GSNNAYLFE W |
t Ifnotbetween 7MH m

Replace the Q6 Camshaft Position Actuator Solenoid Valve.
plfbetween 7MH m

Y R t25 NBTSNB

ety
R
w

3. Test for infinite resistance between eaelminal and the Q6 Camshaft Position Actuator Solenoid Valve housing.

t If not infinite resistance

Replace the Q6 Camshaft Position Actuator Solenoid Valve.
p If infinite resistance
4. All OK

8.2.3.63.13. Repair Instructions
Perform theDiagnostic Repair Verificati@iter completing the repair.

I Camshaft Position Actuator Solenoid Valve Replacement
1  Control Module Referencder ECM replacement, programming and setup
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8.2.3.64. DTC P060P0604, P0606, P062B, PO62F, P0630, P16F3, or P262B (ECM)
8.2.3.64.1Diaghostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostategory.

8.2.3.64.2DTC Descriptors

DTC P0601
Control Module Read Only Memory Performance
DTC P0602
Control Module Not Programmed
DTC P0603
Control Module Long Term Memory Reset
DTC P0604
Control Module Random Access Memory Performance
DTC P0606
Control ModuleProcessor Performance
DTC P062F
Control Module Long Term Memory Performance
DTC P0630
VIN Not Programmed or Mismatched Engii@ontrol Module (ECM)
DTC P16F3
Control Module Redundant Memory Performance
DTC P262B
Control Module Power Off Timer Performance

8.2.3.64.3Circuit/System Description

This diagnostic applies to internal microprocessor integrity conditions within the engine control module (ECM). This
diagnostic also addresses if the ECM is not programmed.

8.2.3.64.4Conditions for Running the DTCs

P0601, P0602, PO630
These DTCs run continuously when the ignition is in ON.
P0603, PO62F
These DTCs run during ECM power up.
P0604
DTC P0604 runs continuously when the ignition is ON for greater than 30 s.
P0606
DTC P0606 runs continuously when Ignition 1 Signal voltagedter than 11 V.
P16F3
1 The engine speed is greater than 500 RPM.
1 DTCs P0101, P0102, P0103, P0106, P0107, P0108, P2227, P2228, P2229, or P2230 are not set.
1 DTC P16F3 runs continuously when the above conditions are met.
P262B
DTC P262B runs during ECM pod@wn.

8.2.3.64.5Conditions for Setting the DTCs
The ECM detects an internal failure or incomplete programming for more than 10 s.

8.2.3.64.6Actions Taken When the DTC Sets
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1 DTCs P0601, P0602, P0O603, P0604, PO606, P0630, and P16F3 are Type A DTCs.

1 DTC P0O62F and P262B areeTBDTCs.
8.2.3.64.7Conditions for Clearing the MIL/DTC

1 DTCs P0601, P0602, P0O603, P0O604, PO606, P0630, and P16F3 are Type A DTCs.

1 DTC P062F and P262B are Type B DTCs.

8.2.3.64.8Diagnostic Aids

VANDERHALL

Low voltage or a momentary loss of power or ground to the ECM may cause a SEIC/exify the following:
1 The battery cables are clean and tight, and the battery is fully charged. Refer to Battery Inspection/Test.

1  The ECM ground circuits do not have an open or high resistance.
1 The ECM power circuits do not have an open, short torggipor high resistance.

8.2.3.64.9Reference Information

Schematic Reference
Engine Controls Schematics
Connector End View Reference
Component Connector End Views
Component View Reference
Powertrain Component Views
Electrical Information Reference
1 Circuit Testing
1  Connector Repairs
1  Testing for Intermittent Conditions and Poor Connections
1  Wiring Repairs
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control Module Referencder scan tool information

8.2.3.64.10. Circuit/SystemVerification

1. Ignition ON, clear the DTC information with a scan tool.
2. Verify no other DTCs are set.
t If any other DTCs are set
Refer to Diagnostic Trouble Code (DTC) List Védbiclarther diagnosis.
p If no other DTCs are set
3. Verify DTC P06@2 P0630 is not set.
t If any of the DTCs are set

3.1. Program the K20 Engine Control Module. Refer to Control Module References.

3.2. Verify DTC P0602 or P0630 is not set.

+ If any of the DTCs are set, replace the K20 Engine Control Module.

p If none of he DTCs are set

3.3. All OK.
p If none of the DTCs are set
4. Verify DTC P0601, P0603, P0604, PO606, PO62F, P16F3, or P262B is not set.
t If any of the DTCs are set

Replace the K20 Engine Control Module.
p If none of the DTCs are set
5. All OK.

8.2.3.64.11. Repairlnstructions

Perform theDiagnostic Repair Verificati@iter completing the repair.
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Control Module Referencder engine control module replacement, programming and setup.
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8.2.3.65. DTC P0628

8.2.3.65.1Diagnostic Instructions
o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.65.2DTC Descriptor

DTC P0628
Fuel Pump Enable Circuit Ldwoltage

8.2.3.65.3Diagnostic Fault Information

Circuit Short to Ground Open/High Short to Signal
Resistance Voltage Performance
Signal P0628 P0628 - -

8.2.3.65.4Circuit/System Description

The engine control module (ECM) provides ignition voltage to the chassis control module whenever the engine is
cranking or running. The control module enables the chassis control module as long as the engine is cranking or
running, and ignition system rafence pulses are received. While this enable voltage is being received, the chassis
control module supplies a varying voltage to thetank fuel pump module in order to maintain the desired fuel line
pressure.

8.2.3.65.5Conditions for Running the DTC

1 The ignitionvoltage is 11 V or greater.
1 The ECM has commanded the fuel pump ON.
1 The DTC runs continuously when the above conditions are met for greater than 1 s.

8.2.3.65.6Conditions for Setting the DTC

The ECM detects that the commanded state of the driver and the actua sfahe control circuit do not match for
greater than 2 s.

8.2.3.65.7Action Taken When the DTC Sets
DTC P0628 is a Type B DTC.

8.2.3.65.8Conditions for Clearing the DTC
DTC P0628 is a Type B DTC.

8.2.3.65.9Reference Information

Schematic Reference
Engine Controls Schematics
Connecbr End View Reference
Component Connector End Views
Electrical Information Reference
1 Circuit Testing
1  Connector Repairs
1  Testing for Intermittent Conditions and Poor Connections
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Wiring Repairs

DTC Type Reference

Powertrain Diagnostic Trouble Code (DTC) Dgfiitions

Scan Tool Reference

8.2.3.65.10.

Control Module Referencder scan tool information

Circuit/System Verification

1. Ignition ON.
2. Verify that DTC P0628 is not set.
t IfaDTCis set

Refer to Circuit/System Testing.

pIfa DTC is not set
3. Verify the paameters listed below do not display Malfunction when commanding the Fuel Pump Enable On and Off
with a scan tool.

1
1
1

Fuel Pump Enable Circuit Low Voltage Test Status
Fuel Pump Enable Circuit Open Test Status
Fuel Pump Enable Circuit High Voltage Test Status

t If Malfunction is displayed

Refer to Circuit/System Testing.

p If Malfunction is not displayed
4. Operate the vehicle within the Conditions for Running the DTC. You may also operate the vehicle within the
conditions that yowbserved from the FreeZérame/Failure Records data.
5. Verify the DTC does not set.

t If the DTC sets

Refer to Circuit/System Testing.

p If the DTC does not set
6. All OK.

8.2.3.65.11.

1. Ignition OFF, disconnect the harness connector at the K38 Chassis Control Module.

Circuit/System Testing

2. Ignition ON for 10 s.
3. Verify that a test lamp does not illuminate between the control circuit terminal 20 and ground.
t If the test lamp illuminates
3.1. Ignition OFF, remove the test lamp, disconnect the harness connector at the K20 Engine Control

Module, ignition ON.

3.2. Test for less than 1 V between the control circuit and ground.
t If 1V or greater, repair the short to voltage on the circuit.
t If less than 1V, replace the K20 Engine Control Module.

p If the test lamp does not illuminate
4. Remove the test lamp.

5. Verify the scan tool Fuel Pump Enable Circuit Low Voltage Test Status parameter is OK when commanding the Fuel
Pump Enabl®n with a scan tool.
t If OK is not displayed

5.1. Ignition OFF, disconnect the harness connector at theElighe Control Module.

5.2. Test for infinite resistance between the control circuit and ground.

VANDERHALL

t If less than infinite resistance, repair the short to ground on the circuit.

t If infinite resistance, replace the K20 Engine Control Module.

p If OK is disfayed

6. Install a 3 A fused jumper wire between the control circuit terminal 20 and ground.
7. Verify the scan tool Fuel Pump Enable Circuit Low Voltage Test Status parameter is Malfunction when commanding
the Fuel PumEnable On with a scan tool.
t If Malfunction is not displayed

7.1. Ignition OFF, remove the jumper wire, disconnect the harness connector at the K20 Engine Control
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p If Malfunction is displayed
8. Replace the K38 Chassis Control Module.

8.2.3.65.12. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the diagnostic procedure.
Contol Module Referencefor Engine Control Module or Chassis Control Module replacement, programming, and setup
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8.2.3.66.

8.2.3.66.1Diagnostic Instructions

DTC P0641 or PO6A6 (Chassis Control Module)

o Perform the Diagnostic System Check Velpdier to using this diagnostjerocedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.66.2DTC Descriptors

DTC P0641

5V Reference Circuit

DTC PO6A6

5V Reference 1 Performamc

8.2.3.66.3Diagnostic Fault Information

VANDERHALL

Circuit Short to Ground | Open/High Short to Signal
Resistance Voltage Performance
Signal PO18C, P0641, PO18C P018D, P0641 PO6A6
PO6A6 PO6A6
5 V Reference P018C P018B, P018C P018D P018B
Low Reference - P0641, PO6A6 - PO6A6

8.2.3.66.4Circuit/System Description

The fuel pressure sensor is located on the fuel line. The fuel pressure sensor monitors the fuel pressure in the fuel
line. The chassis control module monitors the voltage signal from the fuel pressure sensor.

8.2.3.66.5Conditionsfor Running the DTC
The ignition is ON.
8.2.3.66.6Conditions for Setting the DTC

The chassis control module detects that the fuel pressure 5 V reference is above or below a predetermined voltage
threshold.

8.2.3.66.7Action Taken When the DTC Sets
DTCs P0641 and PO6A6 aypel A DTCs.
8.2.3.66.8Conditions for Clearing the DTC
DTCs P0641 and PO6AG6 are Type A DTCs.
8.2.3.66.9Diagnostic Aids
Using the Failure Records data may help locate an intermittent condition. If you cannot duplicate the DTC, the
information in the Failure Records can hegtermine how many miles since the DTC set. The Fail Counter and Pass
Counter can help determine how many ignition cycles that the diagnostic test reported a pass and/or a fail.
8.2.3.66.10.

Reference Information

Schematic Reference
Engine Controls Schematics
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Connector End View Reference
Component Connector End Views
Description and Operation
Fuel System Description
Electrical Information Reference
1  Circuit Testing
1  Connector Repairs
1  Testing for Intermittent Conditions and Poor Connections
1  Wiring Repairs
DTC Typ&eference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control Module Referencder scan tool information

8.2.3.66.11. Circuit/System Testing

1. Ignition OFF and all vehicle systems OFF, disconnect the harness connector atFoelBX@ssure Sensor. It may

take up to 2 minutes for all vehicle systems to power down.

H® ¢Sad F2NJfS8Saa GKFEYy mn m 0SG6S8SSy (KS 246 NBFSNByOS

t If 10mor greater
2.1. Ignition OFF, disconnect the harness connector at theCKa8sis Control Module.
HOHD ¢Said T2NIfSaa GKFYy w m Ay (GKS f2
t If 2mor greater, repair the open/high resistance in the circuit.
t If less than 2w, replace the K38 Chassis Control Module.
pLT tSaa GKIYy mn m
3. Ignition ON.
4. Test for 4.85.2 V between the 5 V reference circuit terminal 3 and ground.
t Iflessthan 4.8V
4.1. Ignition OFF, disconnect the harness connector at the K38 Chassis Control Module.
4.2. Test for infinite resistance between the 5 V reference ¢iemd ground.
t If less than infinite resistance, repair the short to ground on the circuit.
p If infinite resistance
ndod ¢S&d F2N£8aa GKIYy H m Ay
t LF H om 2NJ INBFGSNE NBLI ANI G
t If less than 2, replace the K38 Chassis Control Module.
t If greater than 5.2V

=

LISy k KA 3K

4.1. Ignition OFF, disconnect the harness connector at the K38 Chassis Control Module, ignition ON.

4.2. Test for less than 1 V between the 5 V reference circuit and ground
t If 1V or greater, repair the short to voltage on the circuit.
t Ifless than 1V, replace the K38 Chassis Control Module.
p If between 4.85.2 V
5. Verify the scan tool Fuel Pressure Sensor Voltage parameter is less than 1 V.
t If 1V orgreater
5.1.Ignition OFF, disconnect the harness connector at the K38 Chassis Control Module, ignition ON.
5.2. Test for less than 1 V between the signal circuit terminal 1 and ground.
t If 1V or greater, repair the short to voltage on the circuit.
t Ifless than 1V, replace the K38 Chassis Control Module.
plflessthan 1V

6. Install a 3 A fused jumper wire between the signal circuit terminal 1 and the 5 V reference circuit terminal 3, wait

15 seconds.
7. Verify the scan tool Fuel Pressure Sensitage parameter is greater than 4.8 V.
t 1f4.8Vorless
7.1. Ignition OFF, disconnect the harness connector at the K38 Chassis Control Module.
7.2. Test for infinite resistance between the signal circuit terminal 1 and ground.
t If less than infinite reistance, repair the short to ground on the circuit.
p If infinite resistance

Thod ¢Sali F2NI €Saa GKIY H m Ay GKS &aA3ylt OANDIAG
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t LT #H m 2NJ ANBIFGSNE NBLI AN G§KS 2LISykKAIK NBarai
t I 2y

t L ¥ Saa G(GKFyYy H m3X thBMdfiule0S (KS Yoy [/ KlFaahia
p If greater than 4.8 V
8. Test or replace the B47 Fuel Pressure Sensor.

8.2.3.66.12. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.
Control Module Referencder chassis control module replacement, programmamgl setup
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8.2.3.67. DTC P0641, P0651, P0697, or PO6A3 (ECM)
8.2.3.67.1Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procade Instructiongprovides an overview of each diagnostic category.

8.2.3.67.2DTC Descriptors

DTC P0641

5V Reference 1 Circuit
DTC P0651

5V Reference 2 Circuit
DTC P0697

5V Reference 3 Circuit
DTC P0O6A3

5V Reference 4 Circuit

8.2.3.67.3Circuit/System Description

The enginecontrol module (ECM) has 4 internal 5V reference circuits. Each internal reference circuit provides
external 5V reference circuits for more than one sensor. A short to ground or short to voltage on one external 5V
reference circuit can affect all the compents connected to the same internal 5V reference circuit.

8.2.3.67.4Conditions for Running the DTC

These DTCs run continuously when the ignition voltage is greater than 6.4 V.
8.2.3.67.5Conditions for Setting the DTC

The ECM detects a short to ground or voltage on anp@bl reference circuits for greater than 0.5 s.
8.2.3.67.6Action Taken When the DTC Sets

DTCs P0641, P0651, P0697, and PO6A3 are Type A DTCs.
8.2.3.67.7Conditions for Clearing the DTC

DTCs P0641, P0651, P0697, and PO6A3 are Type A DTCs.
8.2.3.67.8Diagnostic Aids

P0641
The 5V referace 1 circuit provides 5 V to the sensors listed below:
1  Air conditioning (A/C) refrigerant pressure sensor
1 Exhaust and intake camshaft position sensors
1  Fuel tank pressure sensor
1  Turbocharger boost/intake air temperature sensor

P0O651
The 5V reference @ircuit provides 5 V to the sensors listed below:
1 Brake pedal position sensor (automatic transmission)
1  Clutch pedal position sensor (manual transmission)
1  Crankshaft position sensor
9 Multifunction intake air sensor
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1  Vehicle speed sensor (manual transmission)

P0697
The 5V reference 3 circuit provides 5 V to the sensors listed below:
1  Accelerator pedal position sensor 2
1 Manifold absolute pressure sensor

PO6A3
The 5V reference 4 circuit provides 5 V to the sensors listed below:
1  Accelerator pedal position sensir
1  Throttle position sensor

Disconnecting one component at a time from the affected 5V reference circuit while observing the scan tool 5V Reference
Circuit Status parameter may help locate the fault. The scan tool parameter will change from Malfunddignaiben the

source of the fault is disconnected. If all 5V reference components have been disconnected and a fault is still indécated, th
fault may exist in the wiring harness.

8.2.3.67.9Reference Information

Schematic Reference
Engine Controls Schematics
Connector End View Reference
Component Connector End Views
Component View Reference
Powertrain Component Views
Electrical Information Reference
1 Circuit Testing
1  Connector Repairs
1  Testing for Intermittent Conditions and Poor Connections
1  Wiring Repairs
DTC Tpe Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control Module Referencder scan tool information

8.2.3.67.10. Circuit/System Verification

1. Ignition ON.
2. Verify all scan tool 5V Reference Circuit Status parameterstdtispday Malfunction.
t If Malfunction is displayed
Refer to Circuit/System Testing.
p If Malfunction is not displayed
3. Operate the vehicle within the Conditions for Running the DTC. You may also operate the vehicle within the
conditions that yowbserved from the Freeze Frame/Failure Records data.
4. Verify the DTC does not set.
t Ifthe DTC sets
Refer to Circuit/System Testing.
p If the DTC does not set
5. All OK.

8.2.3.67.11. Circuit/System Testing

Note:
Additional DTCs will set when disconnecting the ponents.
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1. Ignition OFF, disconnect the harness connector at all appropriate sensors for the applicable DTC. Refer to
Diagnostic Aids.
2. Ignition ON.
3. Test for 4.85.2 V between one of the 5V reference circuits and ground.
t Iflessthan 4.8V
3.1.Ignition OFF, disconnect the harness connectors at the K20 Engine Control Module.
3.2. Test for infinite resistance between the 5V reference circuit for each applicable component and ground.
t+ If less than infinite resistance, repair the short to ground on the circuit.
t+ If infinite resistance, replace the K20 Engine Control Module.
t If greater than 5.2V
3.1. Ignition OFF, disconnect the harness connectors at the K20 Engine Control Module.
3.2. Test for less than 1 V between the 5V reference circuit for each applicable component and ground.
+ If 1V or greater, repair the short to voltage on the circuit.
t Ifless than 1V, replace the K20 Engine Control Module.
p If between 4.85.2 V

Note:
A short to voltage or ground on the signal circuit of certain components may cause this DTC tq

4. Verify the appropriate scan tool 5V Reference 1, 2, 3, or 4 Circuit Status parameter displays OK while connecting
each component associated with the Bference circuit one at a time.
t If OK is not displayed when a component is connected
Test the signal circuit of that component for a short to ground or voltage. If the circuit tests normal, replace
the component.
p If OK is displayed after all compon&nhave been connected
5. All OK.

8.2.3.67.12. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.

= =8 =4 =8 -8 -8 -9

=A =8 =4 -8 =9

Accelerator Pedal Position Sensor Replacement

Air Conditioning (A/C) Refrigerant Pressure Sensor Replacement

Brake Pedal PositidBensor Replacement

Camshaft Position Sensor Replacement

Crankshaft Position Sensor Replacement

Fuel Tank Pressure Sensor Replacement

Intake Air Pressure and Temperature Sensor Replacefoetirbocharger boost/intake air temperature sensor
replacement.

Manifold Absolute Pressure Sensor Replacement

Mass Airflow Sensor Replacemdai multifunction intake air sensor replacement.

Throttle Body Assembly Replacement

Vehicle Speed Sensor Replacement

Control Module Referencder engine control module replacemg&rprogramming, and setup.
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8.2.3.68.1Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
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DTC P0650, P263A, or P263B

0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.

o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.68.2DTC Descriptor

DTC P0650
Malfunction Indicator Lamp (MIL) Control Circuit
DTC P263A

Malfunction Indicator Lamp (MIL) Control Circuit Low Voltage

DTC P263B

Malfunction Indeator Lamp (MIL) Control Circuit High Voltage

8.2.3.68.3Diagnostic Fault Information

VANDERHALL

Circuit

Short to Ground

Open/High
Resistance

Short to
Voltage

Signal
Performance

Ignition Voltage

P0650

P0650

Control

P0650, P263A*

P0650, P263A

P263B

* The MIL remain©N

8.2.3.68.4Circuit/System Description

The malfunction indicator lamp (MIL) illuminates to inform the driver that an emission system fault has occurred and
the powertrain control system requires service. Ignition voltage is supplied directly to the Milenghe control
module (ECM) turns the MIL ON by grounding the MIL control circuit when the emission system fault occurs. Under

normal operating conditions, the MIL should be ON only when the ignition is ON and the engine is OFF.

8.2.3.68.5Conditions for Running th®TC

= =4 =4 =

The engine speed is greater than 80 RPM.
The ignition voltage is between 432 V.
Remote vehicle start is not active

The DTCs run continuously when the above conditions are met .

8.2.3.68.6Conditions for Setting the DTC

DTC P0650 or DTC P263A
The ECM detectew voltage during the MIL control circuit driver OFF state. This indicates either a shorted to ground
or an open MIL control circuit.

DTC P263B

The ECM detects high voltage on the MIL control circuit during the driver ON state. This indicates a shattadeo
MIL control circuit.

8.2.3.68.7Action Taken When the DTC Sets

DTC P0650, P263A, and P263B are Type B DTCs.

8.2.3.68.8Conditions for Clearing the DTC

DTC P0650, P263A, and P263B are Type B DTCs.
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8.2.3.68.9Diagnostic Aids

il

If the condition is intermittent, move the relatdtarnesses and connectors while monitoring the scan tool MIL

control circuit status parameters. Perform this test with the ignition ON and the engine OFF, and with the engine
running. The MIL control circuit status parameters change from OK or Not Rurftmbin if there is a condition

with a circuit or a connection.

If the ECM detects low voltage on the MIL control circuit during the control circuit driver OFF state, DTCs P0650 and
DTC P263A may set simultaneously.

8.2.3.68.10. Reference Information

Schematic Ref@mnce
Engine Controls Schematics
Instrument Cluster Schematics
Connector End View Reference
Component Connector End Views
Electrical Information Reference
i Circuit Testing
i Connector Repairs
i Testing for Intermittent Conditions and Poor Connections
i Wiring Repas
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control Module Referencder scan tool information

8.2.3.68.11. Circuit/System Verification

1. Ignition ON.
2. Verify the parameters listed below do not display Malfunction when commanding the Malfunction Indicator Lamp
On and Off with a scan tool.
1  The MIL Control Circuit Low Voltage Test Status
1  The MIL Control Circuit Open Test Status
1 The MIL Control Circuit ¢fh Voltage Test Status
t If Malfunction is displayed
Refer to Circuit/System Testing.
p If Malfunction is not displayed
3. Engine running.
4. Verify the parameters listed below do not display Malfunction when commanding the Malfunction Indicator Lamp
Onand Off with a scan tool.
1  The MIL Control Circuit Low Voltage Test Status
1  The MIL Control Circuit Open Test Status
1  The MIL Control Circuit High Voltage Test Status
t If Malfunction is displayed
Refer to Circuit/System Testing.
p If Malfunction is not dispayed
5. Verify the malfunction indicator lamp turns ON and OFF when commanding the Malfunction Indicator Lamp On and
Off with a scan tool.
t If the malfunction indicator lamp does not turn ON and OFF
Refer to Circuit/System Testing.
p If the malfunction indicator lamp turns ON and OFF
6. Operate the vehicle within the Conditions for Running the DTC. You may also operate the vehicle within the
conditions that yowbserved from the Freeze Frame/Failure Records data.
t If the DTC sets
Rekr to Diagnostic Trouble Code (DTC) List Vefotlturther diagnosis.
p If the DTC does not set
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7. All OK.
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8.2.3.68.12. Circuit/System Testing

1. Ignition OFF.
2. Disconnect the X1 harness connector at the K20 Engine Control Module.
3. Ignition ON, verify the malfiction indicator lamp does not illuminate.
t If the malfunction indicator lamp illuminates
3.1. Test for infinite resistance between the control circuit terminal X1 52 and ground.
t If less than infinite resistance, repair the short to ground in the dircui
t If infinite resistance, replace the P16 Instrument Cluster.
p If the malfunction indicator lamp does not illuminate
4. Connect a 3 A fused jumper wire between the control circuit terminal X1 52 and ground.
5. Verify the malfunction indicator lamp ithinates.
t If the malfunction indicator lamp illuminates
Replace the K20 Engine Control Module.
t If the malfunction indicator lamp does not illuminate
5.1. Test for less than 1 V between the control circuit terminal X1 52 and ground.
+ If 1V or greater, repair the short to voltage on the circuit.
plflessthan 1V
5.2. Ignition OFF.
pdod ¢S&0 FT2NIfSaa G(GKIYy H m Ay (GKS O2yi
t LT v m 2N INBIFGSNE NBLI AN GKS 2LISy
pLT tSaa GKIYy H mo
6. Ignition OFF, disconnect the harness connector at the instrument cluster.
7. Ignition ON, verify a test lamp illuminates between the ignition voltage circuit terminal 31 and ground.
t If the test lamp does not illuminate and the circuit fuse is open
7.1.1gnition OFF.
7.2. Test for infinite resistance between the ignition voltage circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
t If the test lamp does not illuminate and the circuit fuse is good
7.1. Ignition OFF.
TOHD® ¢Sad F2NI £Saa GKFY H m Ay (KS A3IyArldArzy @2tiF 38
t If 2mor greater, repair the open/high resistance in the circuit.
p If the test lamp illuminates
8. Replace the P16 Instrument Cluster.

NER f OANDdzA
K B

8.2.3.68.13. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.
1 Instrument Cluster Replacement
1 Control Module Referencder control module replacement, programming, and setup
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8.2.3.69. DTC P0685, P0686, P0687, PO689, P0690, or P1682

8.2.3.69.1Diagnostic Instructions

o Perform the Diagnostic System Check Vehprier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.69.2DTC Descriptors

DTCP0685

Engine Controls Ignition Relay Control Circuit
DTC P0686

Engine Controls Ignition Relay Control Circuit Low Voltage
DTC P0687

Engine Controls Ignition Relay Control Circuit High Voltage
DTCP0689

Engine Controls Ignition Relay Feedback Circuit\laitage
DTC P0690

Engine Controls Ignition Relay Feedback Circuit High Voltage
DTC P1682

Ignition 1 Switch Circuit 2

8.2.3.69.3Diagnostic Fault Information

Engine Controls Ignition Relay

Circuit Short to Ground | Open/ High Short to
Resistance Voltage
Relay CoiBupply Voltage P0689, P1682 | P0685, P0689, -
P1682
Relay Control Circuit P0686, P0690 | P0685, P0689, P0685, P0687,
P1682 P0689,
P1682
Relay Feedback Circuit P0689, P1682 | P0689, P1682 P0690

8.2.3.69.4Typical Scan Tool Data

Engine Controls Ignition Relay Conti@ircuit Low Voltage, Open, and High Voltage Test Stat@G®mponent Commanded

OFF

Circuit

Short to Ground

Open/ High
Resistance

Short to
Voltage

Operating ConditionsComponent commanded OFF

Parameter Normal Rangerhe following illustrates the normal parater state with no circuit|

conditions:

1 Component OFE OK for Open/Low Voltage Test Status and Not Run for High Voltag

Test Status

1 Component ON Not Run for Open/Low Voltage Test Status and OK for High Voltag

Test Status

B+ Malfunction Malfunction -
Control Malfunction Malfunction Not Run
REVISION1.0
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Engine Controls Ignition Relay Control Circuit Low Voltage, Open, and High Voltage Test Staiogponent Commanded ON
Circuit Short to Ground | Open/ High Short to
Resistance Voltage

Operating ConditionsComponent commanded ON
Parameter Normal RangeThe following illustrates the normal parameter state with no cirg
conditions:
1 Component OFE OK for Open/Low Voltage Test Status and Not Run for High Voltag
Test Status
1 Component ON, Not Run for Open/Lw Voltage Test Status and OK for High Voltage
Test Status
B+ Not Run Not Run -
Control Not Run Not Run Malfunction

8.2.3.69.5Circuit/System Description

There are 2 ignition voltage circuits supplied to the engine control module (ECM). One is suppliedebgittee
controls ignition relay, and the other is supplied by the ignition main relay. The ECM monitors and compares the
ignition voltage supplied by the 2 relays.

8.2.3.69.6Conditions for Running the DTC

P0685, P0686, P0687
The DTC runs when Ignition 1 signal \gdtés greater than 11 V.
P0689
1 DTC P0685 is not set.
1 The engine controls ignition relay is commanded ON.

1 Ignition 1 signal voltage is greater than 11 V.
T The DTC runs continuously when the above conditions are met.
P0690

1 DTC P0685 is not set.
1 The engine camols ignition relay is commanded OFF.

i The DTC runs continuously when the above conditions are met.
P1682

1 The engine controls ignition relay is commanded ON.

1 Ignition voltage is greater than 5.5 V.

i The DTC runs continuously when the above conditions ate me

8.2.3.69.7Conditions for Setting the DTC

P0685
The ECM detects that the commanded state of the driver and the actual state of the control circuit do not
match for greater than 2 s.
P0686
The ECM detects a short to ground on the control circuit for greater thean 2
P0687
The ECM detects a short to voltage on the control circuit for greater than 2 s.
P0689
The ECM detects the engine controls ignition relay feedback circuit is less than 5 V.
P0690
The ECM detects the engine controls ignition relay feedback ciscgiieater than 4 V for greater than 5 s.
P1682
The ECM detects that the voltage level difference is greater than 3 V between the 2 ignition voltage circuits
for greater than 1 s.
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8.2.3.69.8Action Taken When the DTC Sets
1 DTCs P0685, P0686, P0687, and P0690 aeeB {jT Cs.
1 DTC P0689isa Type CDTC.
1 DTCP1682isa Type ADTC.

8.2.3.69.9Conditions for Clearing the DTC
1 DTCs P0685, P0686, P0687, and P0690 are Type B DTCs.
1 DTC P0689is a Type C DTC.
1 DTCP1682is a Type ADTC.

8.2.3.69.10. Diagnostic Aids

VANDERHALL

The engine controls ignition relayay also be labeled the powertrain relay, the engine control module relay, or the
main relay. The ignition main relay may also be labeled the run/crank relay, the ignition run relay, the ignition 1 relay,

or the ignition relay.
8.2.3.69.11. Reference Information

Schenatic Reference
Engine Controls Schematics
Power Distribution Schematics
Connector End View Reference
Component Connector End Views
Component View Reference
Powertrain Component Views
Electrical Information Reference
i Circuit Testing
1 Connector Repairs
i Electical Center Identification Views
i Testing for Intermittent Conditions and Poor Connections
i Wiring Repairs
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference
Control Module Referencder scan tool information

8.2.3.69.12. Circuit/System Verification

Note:

set, diagnose that DTC first.

Testing.

1 A short to voltage on other components may cause DTC P0690 to set. If any other D

1  If you were sent here from Engine Cranks But Does Not Run, proceed to Circuit/Syst

1. Igniion ON, observe the scan tool DTC information. Verify DTC P0685, P0686, P0687, P0689, P0690, or P1682 is not

set.
t If any of the DTCs are set

Refer to Circuit/System Testing.
p If none of the DTCs are set

2. Operate the vehicle within the Conditions fRunning the DTC. You may also operate the vehicle within the

conditions that you observed from the Freeze Frame/Failure Records data.
t If any of the DTCs are set

Refer to Circuit/System Testing.
p If none of the DTCs are set
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3. All OK.
8.2.3.69.13. Circuit/System Teshg

Note:
You must perform the Circuit/System Verification before proceeding with Circuit/System T¢
unless sent here from Engine Cranks But Does Not Run.

1. Ignition OFF, disconnect the KR75 Engine Controls Ignition Relay.
2. Verify a test lamp dminates between ground and the relay circuit terminals listed below:
1 Terminal 85
1 Terminal 30
t If the test lamp does not illuminate
Replace the front compartment fuse block.
p If the test lamp illuminates

Note:
High resistance in the circuit/underhoddse block for either the KR75 Engine Controls Igni
Relay or the KR73 Ignition Main Relay can cause DTC P1682 to set.
A short to voltage on any of the circuits supplied by the engine controls ignition relay can cau
P0690 to set.

3. Ignition ON.
4. Verify that a test lamp does not illuminate between the ignition voltage circuit terminal 87 and ground.
t If the test lamp illuminates
4.1. Ignition OFF, disconnect the X2 harness connector at the K20 Engine Control Module.
4.2. Ignition ON.
4.3.Test for less than 1 V between ground and connector terminal 28.
+ If 1V or greater, repair the short to voltage in the circuit.
t If less than 1V, replace the K20 Engine Control Module.
p If the test lamp does not illuminate
5. Ignition OFF, connect ® 2 fused jumper wire between the relay switch B+ circuit terminal 30 and the relay switch
ignition voltage circuit terminal 87.
6. Ignition ON.
7. Verify the scan tool Engine Controls Ignition Relay Feedback Signal parameter displays B+.
t If B+ is not diplayed
7.1. Ignition OFF, disconnect the X2 harness connector at the K20 Engine Control Module.
TOHD ¢Sad F2NI§Saa GKFY H m Ay (GKS NBfre agaio
t If 2mor greater, repair the open/high resistance in the circuit.
plft Saa dGKIFYy H m
7.3. Test for infinite resistance between the relay switch ignition voltage circuit and ground.
t If less than infinite resistance, repair the short to ground on the circuit.
t If infinite resistance, replace the K20 Engine Control Module.
p If B+ is displayed
8. Ignition OFF, connect a DMM, set to the diode setting, between control circuit terminal 86 and ground.
9. Verify the DMM displays OL.
t If OL is not displayed
9.1. Disconnect the X1 harness connector at the K20 Engine Control Module.
9.2. Test for infinite resistance between ground and the relay control circuit.
t If less than infinite resistance, repair the short to ground in the circuit.
t If infinite resistance, replace the K20 Engine Control Module.
p If OL is displayed
10.Ignition ON.
11. Verify the DMM displays less than 1 V.
t If 1V or greater
11.1. Ignition OFF, disconnect the X1 connector at the K20 Engine Control Module.

R

ATy A
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11.2. Ignition ON.

11.3. Test for less than 1 V on the relay control circuit.
t If 1V or greatemepair the short to voltage on the circuit.
plflessthan 1V

Mmmond® ¢Sald F2N £Sada Ky H m Ay GKS O2yGNRf OANDdz
t LT v m 2NJ ANBFGSNE NBLI AN GKS 2LISykKAIK NBaraidl
t AT £8aa GKEY v mXI NBLXFOS G(KS Ywn 9y3IAYyS /2yiNR

plflessthan 1V
12. Test or replace the KR75 Engine Controls Ignition Relay.

8.2.3.69.14. Component Testing

Relay Test
1. Ignition OFF, disconnect the KR75 Engine Controls Ignition Relay.
2. Testfor7@Mumn m 0Si6SSy GSNWYAYyLfa yp [YyR ycVY
t LT f83aa GKEFNITOHKImy 2Wd A NS |
Replace the KR75 Engine Controls Ignition Relay.
plf between 7Gm M1 Mm
3. Test for infinite resistance between the terminals listed below:

1 30and86
1 30and87
T 30and85
T 85and87

t If less than infinite resistance
Replace the KR75 Engi@entrols Ignition Relay.
p If infinite resistance
4. Install a 20 A fused jumper wire between relay terminal 85 and 12 V. Install a jumper wire between relay terminal
86 and ground.
pd ¢Sad F2NJ fSaa Ky W m 0Si6SSy GSN¥YAYylLfa on YR yT1®
t LT H om 2NJ INBFGSNI
Replace the KR75 Engine Controls Ignition Relay.
pLT tSaa GKFYy H m
6. All OK.

8.2.3.69.15. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.
1 Front Compartment Fuse Block Replacement
1 Relay Replacement
1 Control Module Referenador engine control module replacement, programming, and setup.
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8.2.3.70. DTC PO69E
8.2.3.70.1Diagnostic Instructions

o Perform the Diagnostic System Check Velpdier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostapproach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.70.2DTC Descriptor

DTC PO69E
Fuel Pump Control Module Requested MIL lllumination

8.2.3.70.3Circuit/System Description

The chassis control module, sometimes called the fuehgwcontrol module, constantly monitors the fuel pump
control system for any condition which may adversely affect vehicle emissions. If a condition is detected, the chassis
control module sets a DTC and sends a serial data message to the engine contrtd (&2M). The ECM sets DTC
PO69E to inform the technician that the chassis control module has set the emission related DTC. The serial data
message sent by the chassis control module also contains a request for the ECM to illuminate the malfunction
indicator lamp (MIL).

The technician can observe the DTC that was set by the chassis control module by reviewing the ECM Freeze Frame
records on the scan tool. The ECM Freeze Frame records also contain the engine operating conditions present when
the chassis caml module DTC set.

8.2.3.70.4Conditions for Running the DTC
The ignition is ON, or the engine is running for greater than 3 s.

8.2.3.70.5Conditions for Setting the DTC

The ECM receives a serial data message from the chassis control module indicating that an emissibDTé&labas
set in the chassis control module.

8.2.3.70.6Action Taken When the DTC Sets

1 DTC PO69E is a Type ADTC.
1 DTC PO69E will continue to be current or active as long as the chassis control module is requesting MIL illumination.

8.2.3.70.7Conditions for Clearing the DTC
DTC PO69E is a Type ADTC.
8.2.3.70.8Diagnostic Aids

1 Communication codes,-tbde, as well as powertrain codes¢®des, set in the chassis control module will cause the
chassis control module to request DTC PO69E to be set in the ECM.

8.2.3.70.9Reference Information

DTC Typ Reference

Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference

Control Module References for scan tool information
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8.2.3.70.10. Circuit/System Verification
Note:
1 Do not replace the engine control module for this DTC. DTC P069bifsramational
DTC.
1 Correct any engine control and communication DTCs before diagnosing chassis cont
module DTCs.

1. Verify there are no engine control or communication DTCs set.
t IfaDTCis set
Refer to Diagnostic Trouble Code (DTC) List Vehicle.
pIfaDTC is not set
2. Verify the DTCs are set only as History in the chassis control module.
t IfaDTC is not set only as History
Refer to Diagnostic Trouble Code (DTC) List Vehicle.
t IfaDTC is set only as History
Refer to Testing for Intermittent @dlitions and Poor Connections.
p If a DTC is not set
3. Operate the vehicle within the Conditions for Running the DTC. You may also operate the vehicle within the
conditions that you observed from the Freeze Frame/Failure Records data.
4. Verify the DT@oes not set.
t If the DTC sets
Refer to Diagnostic Trouble Code (DTC) List Vehicle.
p If the DTC does not set
5. All OK.

8.2.3.70.11. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.
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8.2.3.71. DTC P0700

8.2.3.71.1Diagnostic Instructions
o Perfam the Diagnostic System Check Vehgrier to using this diagnostic procedure.
0 ReviewStrategy Based Diagno$is an overview of the diagnostic approach.
o Diagnostic Procedure Instructiopsovides an overview of each diagnostic category.

8.2.3.71.2DTC Descriptor

DTC P0O700
Transmission Control Module Requested MIL Illumination

8.2.3.71.3Circuit/System Description
The Transmission Control Module (TCM) constantly monitors the transmission system for any condition which may
adversely affect vehicle emissions. If a condii®uetected, the TCM sets a DTC and sends a serial data message to
the ECM. The ECM sets DTC P0700 to inform the technician that the TCM has set the emission related DTC. The serial
data message sent by the TCM also contains a request for the ECM toallerttie Malfunction Indicator Lamp (MIL)
The technician can observe the DTC that was set by the TCM by reviewing the ECM Freeze Frame records on the scan
tool. The ECM Freeze Frame records also contain the engine operating conditions present whemsthéessian DTC
set.

8.2.3.71.4Conditions for Running the DTC

1  The ignition is ON or the engine is running.
1 DTC P0700 runs continuously.

8.2.3.71.5Conditions for Setting the DTC
The ECM receives a serial data message from the TCM indicating that an emission related DT thasTseM.
8.2.3.71.6Action Taken When the DTC Sets
DTC P0700 is a Type A DTC.
8.2.3.71.7Conditions for Clearing the MIL/DTC
DTC P0700 is a Type ADTC.
8.2.3.71.8Diagnostic Aids

Communication codes,-tbdes, as well as powertrain codesCBdes, set in the TCM can cause the TCkédoest
DTC P0700 to be set in the ECM.

8.2.3.71.9Reference Information
DTC Type Reference
Powertrain Diagnostic Trouble Code (DTC) Type Definitions
Scan Tool Reference

Control Module Referencder scan tool information

8.2.3.71.10. Circuit/System Verification

| Note:
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1 Do notreplace the engine control module for this DTC. DTC P0700 is an informationg
DTC.
1  Correct any engine control and communication DTCs before diagnosing transmissior|
control module DTCs.

1. Verify there are no engine control or communication DTCs set.
t IfaDTCis set
Refer to Diagnostic Trouble Code (DTC) List Vehicle.
pIfaDTC is not set
2. Verify there are no transmission control module DTCs set.
t IfaDTCis set
Refer to Diagnostic Trouble Code (DTC) List Vehicle.
pIfaDTC is not set
3. Operatethe vehicle within the Conditions for Running the DTC. You may also operate the vehicle within the
conditions that you observed from the Freeze Frame/Failure Records data.
4. Verify the DTC does not set.
t If the DTC sets
Refer to Diagnostic Trouble Cod2T(C) List Vehicle.
p If the DTC does not set
5. All OK.

8.2.3.71.11. Repair Instructions

Perform theDiagnostic Repair Verificati@iter completing the repair.
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8.2.4.Repair instructions
8.2.4.1.Brake Pedal Position Sensor Learn

8.2.4.1.1. Calibration Criteria

Note:
Do not apply the brakgedal during the brake pedal position sensor calibration procedure.
movement of the brake pedal during this procedure will cause the calibration procedure to f
this occurs, the brake pedal position sensor calibration must be repeated.

Brake mdal position sensor calibration must be performed after the brake pedal position sensor, body control module (BCM),
or engine control module (ECM) have been serviced. The calibration procedure will set the brake pedal position sensor home
value. This vakiis used by the BCM and ECM to determine the action of the driver applying the brake system and to provide
this information to the vehicle subsystems via serial data.

8.2.4.1.2. Calibration Procedure

Apply the parking brake.

Ignition ON, engine OFF, place the traission in the PARK position

Install a scan tool.

Clear all DTCs before proceeding.

Navigate to the Configuration/Reset Functions menu of the BCM.

Select the Brake Pedal Position Sensor Learn procedure and follow the directions displayed on the screen.
Navugate to the Configuration/Reset Functions menu of the ECM.

Select the Learn Functions menu.

Select the Brake Pedal Position Sensor Learn procedure and follow the directions displayed on the screen.

©CoNoGOM~WNE
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8.2.4.2 Throttle or Idle Learn

8.2.4.2.1. Description

The engine control module (ECM) learns the airflow through the throttle body to ensure the correct idle. The learned
airflow values are stored within the ECM. These values are learned to adjust for production variation and will
continuously learn during tn life of the vehicle to compensate for reduced airflow due to throttle body coking.
Anytime the throttle body airflow rate changes, for example due to cleaning or replacing, the values must be
relearned. An engine that had a heavily coked throttle bodt thes been cleaned or replaced may take several drive
cycles to unlearn the coking. To accelerate the process, the scan tool has the ability to reset all learned values back to
zero. A new ECM will also have values set to zero. The idle may be unstaller @ may set if the learned values do

not match the actual airflow.

8.2.4.2.2. Conditions for Running the Throttle Learn Procedure

Scan tool Idle Learn or Idle Learn Reset Procedure

il

1
1

DTCs P0068, P0101, P0102, P0103, P0106, P0107, PO108, PO116, P0117, PO1R81PDIR0123, P0128,

P0O171, PO172, PO174, PO175, P0201P0208, P0220, P0222, P0223, P0261, P0262, P0264, P0265, P0267, P0268,
P0270, P0271, P0273, P0274, P0276, P0277, P0279, P0280, P0282, PO283)FIBRI035P0358, P0496,

P0601, P0604, P0606, PO60D6#L, P0651, P0697, PO6A3, PO6D2, P1248, P1249, P124A, P124B, P1516,
P16A0P16A2, P2101, P2119, P2120, P2122, P2123, P2125, P2127, P2128, P2135, P2138, P2147, P2148, P2150,
P2151, P2153, P2154, P2156, P2157, P216B, P216C, P216E, P216F, P217B, P2P207P2R28E76, P2300,

P2301, P2303, P2304, P2306, P2307, P2309, P2310, P2312, P2313, P2315, P2316, P2318, P2319, P2321, or P2322
are not set.

Ignition ON, engine OFF.

The vehicle speed sensor (VSS) is 0 km/h (0 mph).

Service Bay/On Road Learn Procedure

il

= =4 =4 =9

DTG P0068, P0101, P0102, P0103, PO106, P0107, P0108, PO116, P0117, PO118, P0120, P0122, P0123, P0128,
P0171, P0172, PO174, PO175, PGR0208, P0220, P0222, P0223, P0261, P0262, P0264, P0265, P0267, P0268,
P0270, P0271, P0273, P0274, P0276, P0277, PO28%, RI282, P0283, PO360308, P035P0358, P0496,

P0601, P0604, PO606, PO60D, P0641, PO651, P0697, PO6A3, PO6D2, P1248, P1249, P124A, P124B,P1516, P16A0
P16A2, P2101, P2119, P2120, P2122, P2123, P2125, P2127, P2128, P2135, P2138, P2147, P21481P2150, P21
P2153, P2154, P2156, P2157, P216B, P216C, P216E, P216F, P217B, P217C, P217E, P217F, P2176, P2300, P2301,
P2303, P2304, P2306, P2307, P2309, P2310, P2312, P2313, P2315, P2316, P2318, P2319, P2321, or P2322 are
not set.

The engine speed is between 4280000 RPM.

The manifold absolute pressure (MAP) is greater than 5 kPa.

The mass air flow (MAF) is greater than 2 g/s.

The ignition voltage is greater than 10 volts.

8.2.4.2.3. Diagnostic Aids

A unmetered air leak in the induction system or a small vacuum leak magetcd DTC. If the condition goes
undetected, the ECM may learn an incorrect Throttle Body Idle Airflow Compensation value over time. The incorrectly
learned value may cause various symptoms to occur such as rough or unstable idle speeds, and/or ehdiribistal
condition is detected and repaired it will be necessary perform the Idle Learn procedure to ensure any symptoms are
corrected.

8.2.4.2.4. Throttle Learn

Scan Tool Idle Learn or Idle Learn Reset ProcedWPerformed after the throttle body is cleaned aeplaced
1. Ignition ON, engine OFF, perform the Idle Learn or Idle Learn Reset in Configuration/Reset or Module Setup.
2. Engine idling, verify the scan tool Throttle Body Idle Airflow Compensation value is equal 0% and the engine is idling
at a normal ite speed.
3. Clear the DTCs and return to the diagnostic that referred you here.
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Service Bay/On Road Idle Learn Procedgreerformed after the ECM is programmed or replaced

Note
Do NOT perform this procedure if any DTCs are set. Refer to DiagnostideT@nde (DTC) Li
Vehicle.

. Engine idling for 3 m.
. The ECM will start to learn the new idle cells and the scan tool Desired Idle Speed should start to decrease.
. Ignition OFF for 60 s.
. Start and idle the engine for 3 m.
. Verify the enginés idling normally.
If the engine idle is not correct

T ah~hWONPRE

Note
During the drive cycle the check engine light may come on with idle speed DTCs. If idle spee|
are set, clear codes so the ECM can continue to learn.

5.1. Operate the vehicle at speedlove 70 km/h (44 mph) with several decelerations and extended idles.
5.2. Verify the engine is idling normally.
t If the engine idle is not correct.
Ignition OFF for 60 s, repeat step 5.1.
p If the engine idle is correct.
5.3. Clear any DTCs and returrtiie diagnostic that referred you here.
p If the engine idle is correct
6. Clear any DTCs and return to the diagnostic that referred you here.
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8.2.4.3 K20 Engine Control Module: Programming and Setup
8.2.4.3.1. Special Tools

EL49642 SPS Programming Support Tool

Note:

1 DO NOT program a control module unless directed to by a service procedure or a se
bulletin. If the control module is not properly configured with the correct calibration
software, the control module will not control all of the vehicle features properl

1  Ensure the programming tool is equipped with the latest software and is securely
connected to the data link connector (DLC). If there is an interruption during
programming, programming failure or control module damage may occur.

1  Stable battery voltagesicritical during programming. Any fluctuation, spiking, over
voltage or loss of voltage will interrupt programming. When required install th¢9642
SPS Programming Support Tool to maintain system voltage. If not available, connect
charged 12 Yumper or booster pack disconnected from the AC voltage supply. DO N
connect a battery charger.

T ¢dz2NYy hCC 2NJ RAalofS aeadsSvya GdKFaG Yreé L
lights, exterior lights (including daytime running lights), HVAdoretc.

1  During the programming procedure, follow the SPS prompts for the correct ignition s
position.

1 Clear DTCs after programming is complete. Clearing powertrain DTCs will set the
Inspection/Maintenance (I/M) system status indicators to NO.

1 Note the engine oil life remaining percentage.

8.2.4.3.2. Replace and Program Control Module

To program a replacement K20 Engine Control Module (ECM), perform the following procedure:
1. Install E149642 SPS programming support tool.
2. Access the Service ProgrammBygtem (SPS) and follow the onscreen instructions.
3. Before removing the old control module, perform the SPS function Prepare Control Module for Removal, if
available.

Note:
The Prepare Control Module for Removal function can only be performed when apitetion
with the old control module is still possible.

4. Replace the ECM.

5. Perform the SPS function K20 Engine Control Module Programming and follow the onscreen instructions.

6. Clear the DTCs after completing the Programming procedure.

7. If equiped, Perform the SPS function Immobilizer Learn and follow the onscreen instructions. Referabilizer
System Component Programming.

8. Perform the SPS function K20 Engine Control Module Configuration & Setup and follow the onscreen instructions.
9. Cear DTCs after completing the Configuration & Setup procedure.
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8.2.4.3.3. Reprogram Control Module

To reprogram an existing K20 Engine Control Module, perform the following procedure:
1. Install E449642 SPS programming support tool.
2. Access the ServiGrogramming System (SPS) and follow the onscreen instructions.
3. Clear DTCs after completing the Programming procedure.

Note:
If vehicle fails to start during Configuration and Setup, perform the SPS Function Immobilize
and follow the onscreen siructions.

4. Perform the SPS function Engine Control Module Configuration & Setup and follow the onscreen instructions, if
available.
5. Clear DTCs after completing the Configuration & Setup procedure.

8.2.4.3.4. Unsuccessful Programming Recovery

In the event é an interrupted or unsuccessful programming event, perform the following:
1. Ignition ON. Ensure the control module, DLC, and programming tool connections are secure and the SPS software is
up to date.
2. Reprogram the control module following the onsaréestructions.
t If the control module cannot be reprogrammed
2.1. Ignition OFF, disconnect the MDI, and exit SPS.
2.2. Ignition ON, reconnect the MDI, and access SPS.
2.3. Reprogram the control module following the onscreen instructions.
t If the control module cannot be reprogrammed
2.3.1. Ignition OFF, disconnect the MDI, and exit SPS.
2.3.2. Disconnect vehicle battery for 2 minutes. Reconnect battery.
2.3.3. Ignition ON, reconnect the MDI, and access SPS.
2.3.4. Reprogram the control mate following the onscreen instructions.
t If the control module cannot be reprogrammed
Replace the K20 Engine Control Module.
p If the control module can be reprogrammed
3. All OK.

8.2.4.3.5. Repair Instructions

Perform theDiagnostic Repair Verificati@fter comgeting the repair.
Control Module Referencder ECM replacement, programming and setup.
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8.2.4.4 Engine Control Module Replacement

Engine Control Module Replacement

Callout | Component Name

Note: If the ECM is to be replaced, the ECM must be RESET (prepared for removal) prior to removal from the vehicle. Faititiiet& @¥dewill
result in the following:
1 Inability to test the ECM for warranty purposes
1 Inability to use the ECM in otheehicles.
Preliminary Procedures
1.Remove the HooRefer to Hood in Body Repair
2.Prepare the ECM for replacement. RefeControl Module References.
3. Using a scan tool, retrieve the percentage of remaining engine oil. Record the remaining ergee oil
4. Disconnect the battery negative cable. RefeBtitery Negative Cable Disconnectemmd Connection

1 Engine Control Module Mounting Bracket
Procedure
1. Disconnect the electrical wiring harness connectors from the engine control module.

2 Engnhe Control Module Fasteners (Qty: 4)
Caution:Refer to Fastener Caution.
Tighten

10 Nm(89 Ib in)

3 Engine Control Module

Caution:

1 Turn the ignition OFF when installing or removing the control module connectors and disconnecting or reconnecting the p
the control module (battery cable, powertrain control module (PCM)/engine control module (ECM)/transaxle control modu
(TCM) pitnil, control module fuse, jumper cables, etc.) in order to prevent internal control module damage.

1 Control module damage may result when the metal case contacts battery voltage. DO NOT contact the control module m
with battery voltage when senitg a control module, using battery booster cables, or when charging the vehicle battery.

1 Inorder to prevent any possible electrostatic discharge damage to the control module, do no touch the connector pins or
soldered components on the circuit board.

1 Remove any debris from around the control module connector surfaces before servicing the control module. Inspect the ¢
module connector gaskets when diagnosing or replacing the control module. Ensure that the gaskets are installed coerec
gaskets prevent contaminant intrusion into the control module.

1  The replacement control module must be programmed.

Procedure

1. Remove the engine control module from the engine control module bracket.

2. If replacing the ECM, refer to Control Module Refererfoe programming and setup.

Note: Before removing the engine control module (ECM), record the oil life percentage remaining. Use the scan tool to r

Engine Oil Life remaining back to the original percentage recorded.
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8.2.4.5.Crankshaft Position Variatiohearn

The Crankshaft Position Variation Learn procedure is required when the following service procedures have been performed,
regardless of whether DTC P0315 is set:

An engine replacement.

A engine control module (ECM) replacement.

A crankshaft balanceeplacement.

A crankshaft replacement.

A crankshaft position sensor replacement.

Any engine repairs which disturb the crankshaft to crankshaft position sensor relationship.

= =4 =4 -8 - =9

The ECM monitors certain component signals to determine if all the conditions erdgonrcontinue with the Crankshaft
Position Variation Learn procedure. The scan tool only displays the condition that inhibits the procedure. The scarlagsl disp
the signals of the components listed below:

1 Crankshaft position sensors activity: If thésea crankshaft position sensor condition, refer to the applicable DTC set.
1 Camshaft position sensor signal activity: If there is a camshaft position sensor signal condition, refer to the applicable
DTC set.
1 Engine coolant temperature (ECT): If the engioelant temperature is not warm enough, idle the engine until the
engine coolant temperature reaches the correct temperature.
1. Verify no DTCs are set.
t If any DTCs other than PO3QP0308, or P0315 are set
Refer to Diagnostic Trouble Code (DTC) Lisic\éeh
p If DTC P030fP0308, PO315, or no DTCs are set

Note:
The Crankshaft Position Variation Learn may have to be repeated up to 5 times befo
procedure is successful.

2. Engine Running at normal operating temperature, perform the scan tool Crankshaft Position Variation Learn procedure and
follow the on screen instructions.
3. Verify the scan tool displays Test Passed Successfully when completed.
t If Test Passed Succéshy is not displayed
Verify that none of the conditions listed below exist:
The ignition switch is in the ON position until there is insufficient system voltage.
An ECM power disconnect with the ignition ON that may have erased the crankshaft posstem swariation values
and set DTC P0315.
Interference in the signal circuit of the crankshaft position sensor.
Debris between the crankshaft position sensor and the reluctor wheel.
A damaged or misaligned reluctor wheel.
Worn crankshaft main bearings.
Excesive crankshaft runout.
A damaged crankshaft.
t+ If a condition is exists, repair or replace as necessary.
t+ If no conditions exist, replace the K20 Engine Control Module.
p If Test Passed Successfully is displayed
4. Clear all DTCs.
5. Engine Running.
6. Verify a DTC is not set.
t IfaDTCis set
Refer to Diagnostic Trouble Code (DTC) List Vehicle.
pIf aDTC is not set
7. All OK.
8.2.4.5.1. Repair Instructions

1
1

=A =4 =4 -8 a9

Perform theDiagnostic Repair Verificati@iter completing the repair.
Control Module Referencder engire control module replacement, programming, and setup.
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8.2.4.6 Engine Coolant Temperature Sensor Replacement (Water Outlet)

Engine Coolant Temperature Sensor Replacement

Callout | Component Name

Preliminary Procedure

1. Remove the HoodRefer to Hood in BodiRepair

2. Disconnect the negative battery cable. RefeBimitery Negative Cable Disconnection and Connection.
3. Drain the cooling system. Refer@moling System Draining and Filling.

1 Engine Coolant Temperature Sensor Fastener
2 Engine Coolant Tempature Sensor
Procedure
Disconnect the electrical wiring harness connector from the engine coolant temperature sensor.
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8.2.4.7 Engine Coolant Temperature Sensor Replacement (Radiator)

Engine Coolant Temperature Sensor Replacement

Callout | Component Name

Preliminary Procedures
Drain the cooling system. Refer @woling System Draining and Filling.

1 Retaining Clamp

2 Engine Coolant Temperature Sensor
Procedure
Disconnect the electrical connector.
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8.2.4.8 Engine Coolant Temperature Sensor Replacem@titermostat)

The engine coolant temperature sensor is integrated in the engine coolant thermostat housing. Ré&fegite Coolant
Thermostat Housing Replacement.
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8.2.4.9 Mass Airflow Sensor Replacement

Mass Airflow Sensor Replacement

Callout | Component Name

Preliminary Procedure
1. Remove the HoodRefer to Hood in Body Repair

1 Mass Air Flow Sensor Fasteners (Qty: 2)
2 Mass Air Flow Sensor
Procedure

1. Disconnect electrical connector
2. After replacement of mass air flow sensor, use a scan tool to perform the learn functions. RE&fz0
Engine Control Module: Programming and Setup.

3 Mass Air Flow Sensor Seal Ring
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8.2.4.10. Intake Air Pressure and Temperature Sensor Replacement
Intake Air Pressure and Temperature Sensor Replacement
Callout | Component Name

Preliminary Procedure
1. Remove the HoodRefer to Hood in Body Repair

1 Intake Air Temperature and Pressure Sensor Fasteners (Qty 2)
Caution:Refer to Fastener Caution.
2 Intake Air Temperature and Pressure Sensor
Procedure
Disconnect the electrical connector.
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Manifold Absolute Pressure Sensor Replacement

PR
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Manifold Absolute Pressure Sensor Replacement

Callout | Component Name

Preliminary Procedure
1. Remove the HoodRefer to Hood in Body Repair

1 Manifold Absolute Pressure Sensor Fastener
2 Manifold Absolute Pressure Sensor
Procedure

1. Disconnect the electrical connector.
2. After replacement of the manifold absolute pressure sensor use atscato speed up the learn proces
Refer toK20 Engine Control Module: Programming and Setup.

3 O-ring Seal
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8.2.4.11. Turbocharger Wastegate Regulator Solenoid Valve Replacement

1 2
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Charge Air Bypass Regulator Solenoid Valve Replacement

Callout | Component Name
Preliminary Procedure
1. Remove the HoodRefer to Hood in Body Repair
2. Disconnect the radiator outlet hose from the water inlet. Refer to Water Inlet Replacement.
1 Turbocharger Wastegate Regulator Solenoid Valve Fastener
Caution:Refer to Fastener Caution.
Tighten
8 Nm (71 Ib in)

2 Turbocharger Wastegate Regulator Solenoid Valve Hose (Qty: 3)

3 Turbocharger Wastegate Regulator Solenoid Valve
Procedure
Disconnect the electrical connector.
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8.2.4.12. Heated Oxygen Sensor Replacemer@ensor 1

Heated Oxygen Sensor Replacemei@ensor 1

Callout | Component Name

Warning Toavoid being burned, do not service the exhaust system while it is still hot. Service the system whealit is
Preliminary Procedure

1. Remove the HoodRefer toHood in Body Repair

2.Disconnect battery negative cable. RefeBmitery Negative Cable Disconnection and Connection.

1 Heated Oxygen Sensor 1
Caution:Refer toComponent Fastener Tightening Caution.

Procedure

1. Remove the wiring harness from retairodp.

2. Disconnect electrical connector.

3. After replacement of the heated oxygen sensor, use a scan tool to speed up learn functions. Refel
Engine Control Module: Programming and Setup.

Note: A special antiseize compound is used on the HOZ&dw The compound consists of liquid graphite &
glass beads. The graphite tends to burn away, but the glass beads remain, making the sensor easier to
New, or service replacement sensors already have the compound applied to the threads. Intoe &2
removed from an exhaust component and if for any reason the old sensor is to be reinstalled, the thread
have antiseize compound applied before the reinstallation. Refértoesives, Fluids, Lubricants, and Seale

Tighten
42 Nm (31 Ib ft)

Special Tools
EN48259 Installer/Remover
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8.2.4.12.1Heated Oxygen Sensor Replacemeigensor 2

Heated Oxygen Sensor Replacemei@ensor 2

Callout | Component Name

Warning In order toavoid being burned, do not service the exhaust system while it is still hot. Service the system wh
cool.

Preliminary Procedure

Disconnect battery negative cable. RefeBattery Negative Cable Disconnection and Connection.

Raise and support the vehicle. RefelLitiing and Jacking the Vehicle.

1 Heated Oxygen Sensor 2
Caution:Refer toComponent Fastener Tightening Caution

Procedure

1. Disconnect electrical connector.

2. After replacement of the heated oxygen sensor, use a scan tool to speed up learn functions. R&fe
Engine Control Module: Programming and Setup.

3. If reusing the heated oxygen sensor, coat the thread with assembly paste.

Tighten
42 Nm (31 Ib ft)

Special Tools
EN48259 Installer/Remover
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p” - %

Engine Oil Pressure Indicator Switch Replacement

4

VANDERHALL

Callout | Component Name

Preliminary Procedure
1. Remove the HoodRefer to Hood in Body Repair

1 Engine OiPressure Indicator Switch
Caution:Refer toComponent Fastener Tightening Caution.

Procedure

1. Place collecting basin underneath.

2. Disconnect the electrical connector.

3. Check engine oil level after replacement.

Tighten
20 Nm (15 Ib ft)
2 Engine Oil Pressel Indicator Switch Seal Ring
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8.2.4.14. Accelerator Pedal Position Sensor Replacement

VA

A

V/
AV

YA

VAY

Accelerator Pedal Position Sensor Replacement

Callout | Component Name

Preliminary Procedure
Disconnect the battery negative cable. RefeBtaitery Negative Cablgisconnection and Connection.

1 Accelerator Pedal Position Sensor Fastener
Caution:Refer to Fastener Caution.

Tighten
10 Nm (89 Ib in)

2 Accelerator Pedal Position Sensor

Procedure

1. Disconnect the electrical wiring harness connector from accelepatal position Sensor.
2. After replacement of the accelerator pedal position sensor, use a scan tool to speed up the learn g
Refer toK20 Engine Control Module: Programming and Setup.
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Throttle Body Inspection and Cleaning

Note:

Over extended time and mileage, deposits may accumulate on the back of the throttle valve
The source of the deposit is exhaust gas. Typically these deposits pose no problem. Occasio
deposit may accumulate to a point where perceived pedébrefor throttle valve movement ig
effected. This procedure should not be performed on vehicles with mileage under 80,45
(50,000 mi).

1. Disconnect the charge air cooler outlet air hose. Reférftarge Air Cooler Outlet Air Hose Replacement.

Warning:

Turn OFF the ignition before inserting fingers into the throttle bore. Unexpected movement ¢
throttle blade could cause personal injury.

Caution:

Do not insert any tools into the throttle body bote avoid damage to the throttle valve plate.

VANDERHALL

2. Inspect the throttle body bore and the throttle valve plate for deposits. You will need to open the throttleteahspect all

surfaces.

Caution:

Do not use any solvent that contains Methyl Ethyl Ketone (MEK). This solvent may dama

system emponents.

3. Clean the throttle body bore and the throttle valve plate using a clean shop towel with an appropriate cleaner.

4. Reposition and connect the charge air cooler outlet air hose. Refénaoge Air Cooler Outlet Air Hose Replacement.
5. Perform the Throttle/Idle Learn procedure. Refet88 Throttle Body: Throttle/Idle Learn.
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8.2.4.16. Throttle Body Assembly Replacement
8.2.4.16.1Removal Procedure
1.Remove the HoodRefer to Hood in Body Repair

2. Disconnect the throttle body wiring harness connector.
3. Remove the charge air cooler outlet air hose from the throttle body. Ref@htrge Air Cooler Outlet Air Hose Replacement

4. Remove the 4 throttle body fasteners (3).
5. Remove the throttle body (2) along with the throttle body seal ring (1).

8.2.4.16.2lnstallation Procedure

1. Install the throttle fasteners (2) along with a NEW throttle body seal ring (1).

Caution:

Refer to Fastener Caution.

2. Install the 4 throttle body fastener (3) and tighten to 8 Nm (71 Ib in).

3. Install the charge air cooler thet air hose to the throttle body. Refer t6harge Air Cooler Outlet Air Hose Replacement.
4. Connect the throttle body wiring harness connector.

5. Install the HoodRefer to Hood in Body Repair
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8.2.4.17. Charge Air Cooler Outlet Air Hose Replacement
8.2.4.17.1RemovalProcedure
1. Remove theHood,Refer to Hood in Body Repair
2. Remove the Front Valanc@der to Valance in Body Repair
3. Loosen the clamp (1) at the charge air cooler outlet pipe (2) to throttle body (3).
4. Disconnect the intake air pressure and temperatsemsor harness connector.
LR
LU LR T IO
5. Loosen the clamp (1) at the charge air cooler outlet pipe (2) to the air charge cooler (3).
6. Transfer parts as necessary.
368
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8.2.4.17 2Installation Procedure
1. Install the charge air cooler outlet air hose (2) to chaageooler (3).
2. Tighten Clamp (1)
3. Install the charge air cooler inlet air pi2)to the throttle body (3)
4. Tighten Clamp (1) 3Nm (25 in Ib)
5. Install the Front Valanc&efer to Valance in Body Repair
7. Installthe Hood,Refer to Hood in Body Repair
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8.2.4.18. Ignition Coil Replacement

Special Tools
EN6009 Remover and Installer Ignition Module

8.2.4.18.1Removal Procedure

1. Remove the HooRefer to Hood in Body Repair

—
= [

0 e =) i =

2. Disconnect ignition coil wiring harness plug (2) from ignition coil (1).

3. Remove the 2 ignitioooil bolts (1).

4. Install EN6009 remover/installer (1) to ignition coil (2).
5. Remove the ignition coil.
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8.2.4.18.2Installation Procedure

1. Install the ignition coil.

P
I

[Mimg
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3

VANDERHALL

Caution:

Refer to FasteneCaution.

3. Install the 2 ignition coil bolts (1) and tighten to 8 Nm (71 Ib in).

)
i
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Connect ignition coil wiring harness plug (2) to ignition coil (1).
5. Install the HoodRefer to Hood in Body Repair
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8.2.4.19. Throttle or Idle Learn
8.2.4.19.1Description

The engineontrol module (ECM) learns the airflow through the throttle body to ensure the correct idle. The learned
airflow values are stored within the ECM. These values are learned to adjust for production variation and will
continuously learn during the life ohé vehicle to compensate for reduced airflow due to throttle body coking.
Anytime the throttle body airflow rate changes, for example due to cleaning or replacing, the values must be
relearned.

An engine that had a heavily coked throttle body that hasrbeleaned or replaced may take several drive cycles to
unlearn the coking. To accelerate the process, the scan tool has the ability to reset all learned values back to zero. A
new ECM will also have values set to zero.

The idle may be unstable or a DTCyrsat if the learned values do not match the actual airflow.
8.2.4.19.2Conditions for Running the Throttle Learn Procedure

Scan tool Idle Learn or Idle Learn Reset Procedure
1 DTCs P0068, P0101, P0102, PO103, P0106, P0O107, P0108, P0116, P0117, P0118, PO12D2B(RAP2H0
P0171, P0172, PO174, P0175, PGR0208, P0220, P0222, P0223, P0261, P0262, P0264, P0265, P0267, P0268,
P0270, P0271, P0273, P0274, P0276, P0277, P0279, P0280, P0282, PO28)FIRI035P0358, P0496,
P0601, P0604, P0606, PO60D, PO64&5P0P0697, PO6A3, PO6D2, P1248, P1249, P124A, P124B, P1516, P16A0
P16A2, P2101, P2119, P2120, P2122, P2123, P2125, P2127, P2128, P2135, P2138, P2147, P2148, P2150, P2151,
P2153, P2154, P2156, P2157, P216B, P216C, P216E, P216F, P217B, P217C, P2RZE{®HZB00, P2301,
P2303, P2304, P2306, P2307, P2309, P2310, P2312, P2313, P2315, P2316, P2318, P2319, P2321, or P2322 are
not set.
1 Ignition ON, engine OFF.
1  The vehicle speed sensor (VSS) is 0 km/h (0 mph).
Service Bay/On Road Learn Procedure
1 DTCs P006%0101, P0102, P0103, PO106, P0107, P0O108, P0116, PO117, P0118, P0120, P0122, P0123, P0128,
PO171, P0172, PO174, P0175, PGR0O208, P0220, P0222, P0223, P0261, P0262, P0264, P0265, P0267, P0268,
P0270, P0271, P0273, P0274, P0276, P0277, P0279, PO2&D), 283, P036R0308, PO35P0358, P0496,
P0601, P0604, PO606, PO60D, P0641, PO651, P0697, PO6A3, PO6D2, P1248, P1249, P124A, P124B, 1516, P16A0
P16A2, P2101, P2119, P2120, P2122, P2123, P2125, P2127, P2128, P2135, P2138, P2147, P2148, P2150, P2151,
P2153, P2154, P2156, P2157, P216B, P216C, P216E, P216F, P217B, P217C, P217E, P217F, P2176, P2300, P2301,
P2303, P2304, P2306, P2307, P2309, P2310, P2312, P2313, P2315, P2316, P2318, P2319, P2321, or P2322 are
not set.
The engine speed is between 480000 RPM
The manifold absolute pressure (MAP) is greater than 5 kPa.
The mass air flow (MAF) is greater than 2 g/s.
The ignition voltage is greater than 10 volts.

= =4 -8 =

8.2.4.19.3Diagnostic Aids

A unmetered air leak in the induction system or a small vacuum leak may not set a DTC. If the condition goes
undetected, the ECM may learn an incorrect Throttle Body Idle Airflow Compensation value over time. The incorrectly
learned value may cause variossgmptoms to occur such as rough or unstable idle speeds, and/or engine stall. If this
condition is detected and repaired it will be necessary perform the Idle Learn procedure to ensure any symptoms are
corrected.
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8.2.4.19.4Throttle Learn

Scan Tool Idle Learn orlelLearn Reset ProceduiePerformed after the throttle body is cleaned or replaced

1. Ignition ON, engine OFF, perform the Idle Learn or Idle Learn Reset in Configuration/Reset or Module Setup.

2. Engine idling, verify the scan tool Throttle Body Ildle Airflemfensation value is equal 0% and the engine is idling at a
normal idle speed.

3. Clear the DTCs and return to the diagnostic that referred you here.

Service Bay/On Road Idle Learn Procedgreerformed after the ECM is programmed or replaced

Note:
Do NOTperform this procedure if any DTCs are set. Refer to Diagnostic Trouble Code (D7
Vehicle.

1. Engine idling for 3 m.

2. The ECM will start to learn the new idle cells and the scan tool Desired Idle Speed should start to decrease.
3. Ignition OFFor 60 s.

4. Start and idle the engine for 3 m.

5. Verify the engine is idling normally.

t If the engine idle is not correct

Note:
During the drive cycle the check engine light may come on with idle speed DTCs. If idle spee|
are set, clear codes she ECM can continue to learn.

5.1. Operate the vehicle at speeds above 70 km/h (44 mph) with several decelerations and extended idles.
5.2. Verify the engine is idling normally.
t If the engine idle is not correct.
Ignition OFF for 60 s, repeat stef 5.
p If the engine idle is correct.
5.3. Clear any DTCs and return to the diagnostic that referred you here.
p If the engine idle is correct
6. Clear any DTCs and return to the diagnostic that referred you here.
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8.2.4.20. Spark Plug Inspection
8.2.4.20.1Spark Plug Usage
1. Ensure that the correct spark plug is installed. An incorrect spark plug chivegslity conditions.
2. Ensure that the spark plug has the correct heat range. An incorrect heat range causes the following conditions:
1  Spark plug fouling Colder plug

1  Preignition causing spark plug and/or engine danmagrotter plug

8.2.4.20.2Spark Plug Inspection

2

DI ||| I

1. Inspect the terminal post (1) for damage.
1 Inspect for a bent or broken terminal post (1).
1 Test for a loose terminal post (1) by twisting and pulling the posttdineinal post (1) should NOT move.

=t

1
2
4
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2. Inspect the insulator (2) for flashover or carbon tracking, soot. This is caused by the electrical charge travelittgeacross
insulator (2) between the terminal post (1) and ground. Inspect for the folloaamglitions:
1 Inspect the spark plug boot for damage.
1 Inspect the spark plug recess area of the cylinder head for moisture, such as oil, coolant, or water. A spark plug
boot that is saturated causes arcing to ground.
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3. Inspect the insulator (2) for craxkAll or part of the electrical charge may arc through the crack instead of the
electrodes (3, 4).
4. Inspect for evidence of improper arcing.

1 Measure the gap between the center electrode (4) and the side electrode (3) terminals. An excessively wide
electrode gap can prevent correct spark plug operation.

1 Inspect for the correct spark plug torque. Insufficient torque can prevent correct spark plug operation. An over
torqued spark plug, causes the insulator (2) to crack.

1 Inspect for signs of tracking that@ared near the insulator tip instead of the center electrode (4).

1 Inspect for a broken or worn side electrode (3).

1 Inspect for a broken, worn, or loose center electrode (4) by shaking the spark plug.

5. A rattling sound indicates internal damage.
6. A lose center electrode (4) reduces the spark intensity.

Inspect for bridged electrodes (3, 4). Deposits on the electrodes (3, 4) reduce or eliminates the gap.

Inspect for worn or missing platinum pads on the electrodes (3, 4) If equipped.

Inspect for excessévfouling.

Inspect the spark plug recess area of the cylinder head for debris. Dirty or damaged threads can cause the spark
plug not to seat correctly during installation.

= =4 =4 =4

8.2.4.20.3Spark Plug Visual Inspection

1. Normal operation Brown to grayisttan with smallamounts of white powdery deposits are normal combustion byproducts
From fuels with additives.
2. Carbon Fouled Dry, fluffy black carbon, or soot caused by the following conditions:

E R B T BB I B B |

]

Rich fuel mixtures

Leaking fuel injectors

Excessive fuel pressure

Restrictal air filter element

Incorrect combustion

Reduced ignition system voltage output

Weak coils

Worn ignition wires

Incorrect spark plug gap

Excessive idling or slow speeds under light loads can keep spark plug temperatures so low that normal combustion
deposts may not burn off.

Deposit Fouling Oil, coolant, or additives that include substances such as silicone, very white coating, reduces the
spark intensity. Most powdery deposits will not effect spark intensity unless they form into a glazing over the
electrode.
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8.2.4.21. Spark Plug Replacement
Spark Plug Replacement
Callout | Component Name
Preliminary Procedure
1. Remove théhood.
2. Remove the ignition coil. Refer iignition Coil Replacement.
1 Spark Plugs
Caution:Refer to Fastener Caution.
Tighten
25 Nm (18 Ib ft)
Special Tools
EN194E Spark Plug Remover
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8.2.4.22. Camshaft Position Actuator Solenoid Valve Replacement
8.2.4.22.1Removal Procedure

1. Remove he HoodRefer to Hood in Body Repair
2.  Remove the Air intake hose Filter to Turbo

3. Disconnect the intakeamshaft position actuator solenoid valve wiring harness plug (3).
4. Disconnect the exhaust camshaft position actuator solenoid valve wiring harness plug (2).
5. Unclip ECM wiring harness (1) from camshaft cover.

6. Remove the 4 camshgfibsition actuator solenoid valve bolts (1).
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Carefully rotate the intake camshaft position actuator solenoid valve (1) counter clockwise as shown.
Carefully rotate the exhaust camshaft position actuator solenoid valve (2) clockwise as shown.

7.
8.

Caution:
The camshaft position actuator solenoid valves must be kept parallel to the engine front

during removal and installation. The camshaft position actuator solenoid valves can be dam
they become wedged or stuck during this process.

9. Caefully remove the 2 camshaft position actuator solenoid valves (2) and the seal rings (1).
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8.2.4.22.2Installation Procedure

Caution:
The camshaft position actuator solenoid valves must be kept parallel to the engine front
during removal andnstallation. The camshaft position actuator solenoid valves can be damag
they become wedged or stuck during this process.

Caution:
Lubricate the seal rings with oil in order to make the installation easier.

1. Carefully install the 2 camshafbgition actuator solenoid valves (2) and the 2 seal rings (1) by gently pressing into position.

Caution:

Refer to Fastener Caution.

2. Install the 4 camshaft position actuator solenoid valve bolts (1) and tighten to 8 Nm (71 Ib in).
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4. Clip ECM wiring harness (1) to camshaft cover.

5. Connect the exhaust camshaft position actuator solenoid valve wiring harness plug (2).
6. Connectlie intake camshaft position actuator solenoid valve wiring harness plug (3).

7. Install the Air intake hose Filter to Turbo

8. Install theHood, Refer to Hood in Body Repair
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8.2.4.22.3Crankshaft Position Sensor Replacement

Crankshaft Position Sensor Replacement

Callout | Component Name

Preliminary Procedures
Raise and support the vehicle. Refer to Lifting and Jacking the Vehicle

1 Crankshaft Position Sensor Bolt
Caution:Refer to Fastener Caution.

Tighten
8 Nm (71 Ib in)

2 Crankshaft Position Sensor

Procedure

1. Disconnect the electrical connector.

2. After replacement of crankshaft position sensor, use a scan tool to speed up learn function. R&kér
Engine Control Module: Programming and Setup

3 Crankshaft Position Sensor Seal Ring
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8.2.4.23. CamshaftPosition Sensor Replacement
8.2.4.23.1Removal Procedure

1. Remove thé&lood,Refer to Hood in Body Repair
2. Remove the Air intake hose Filter to Turbo

AW O Wj;?i N
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VANDERHALL

Note:

Sensor.

Graphic shows exhaust camshaft position sensor. Use same procedure for Intake camshaft

Note:

sensor.

Graphic shows exhaust camshaft position sensor. Use same procedure for Intake camshaft

4. Remove the camshaft position sensor bolt (3).
5 Remove the camshgfibsition sensor (2) and the seal ring (1).
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8.2.4.23.2Installation Procedure

Note:
Graphic shows exhaust camshaft position sensor. Use same procedure for Intake camshaft
sensor.

1. Install the camshaft position sensor (2) and the seal ring (1).

Caution:

Refer to Fastener Caution

2. Install the camshaft position sensor bolt (3) and tighten to 8 Nm (71 Ib in).

Note:
Graphic shows exhaust camshaft position sensor. Use same procedure for Intake camshaft
sensor.

3. Connect theamshaft position sensor wiring harness plug (1).

4. Install the Air intake hose Filter to Turbo

5. Install theHood,Refer to Hood in Body Repair

6. After replacement of a camshaft position sensor, use a scan tool to speed up learn function. R&féiEtgine Control
Module: Programming and Setup
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8.2.4.24. Knock Sensor Replacement

Knock Sensor Replacement

Callout | Component Name

Preliminary Procedures
1. Disconnect battery negative cablefer to Battery Negative Cable Disconnection and Connection.
2. Raise and support the vehiclkeefer to Lifting and Jacking the Vehicle

1 Knock Sensor Bolt
Caution:Refer to Fastener Caution.

Procedure
1. Disconnect the electrical connector.
2. DO NOT mistake the knock sensor electrical connector witgeherator electrical connector.

Tighten
20 Nm (15 Ib ft)

2 Knock Sensor
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8.2.4.25. Air intake hose Filter to Turbo

S

HRFPR
AR ARR B ERRDN

f”.)' 'vlw‘ 10— ) & ¢ o A 0 8 B 4 Wb

R N T I T

QG uANDERHALL

Air intake hose Filter to Turbo

Callout | Component Name

Preliminary Procedures
Removethe Hood
Remove Mass AirfloBensor Replacement

1 Air Cleaner Outlet Duct Clamp
Note: Ensure the outlet duct is fully seated to the mating surfaces before clamping. Verify that the cuff
rolled under.

2 Air Cleaner Outlet Duct Clamp
Note: Ensure the outlet duct is fully seated the mating surfaces before clamping. Verify that the cuff is
rolled under.

3 Air intake hose
Tip: Air cleaner outlet front duct and air cleaner outlet rear duct are one part.

4 Mass Air flow Sensor

SeeMass Airflow Sensor Replacement
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8.2.4.26. Air Cleaner Element Replacement

8.2.4.26.1Removal Procedure

1. Remove the HooRefer to Hood in Body Repair

2. Remove the Hose Clamp under the Air Filter

3.  Remove the Air Filter assembly
8.2.4.26.2Installation Procedure

1. Press the air filter assembly over the Air Fitapport

2. Tighten the air filter clamp to 10 Nm (89 Ib in)
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8.2.4.27. Charge Air Cooler Replacement

Charge Air Cooler Replacement

VANDERHALL

Callout | Component Name

Preliminary Procedure
1. Remove the Hood
2. Remove the Lower Valiance
3. Remove thdront Grill

1 Charge Air Cooler Fastener (Qty 4
Caution:Refer to Fastener Caution.

Tighten
10 Nm (89 Ib in)

2 Charge Air Cooler

Procedure
1. Remove both hoses
2. Remove Air Cooler Fasteners

3 Air Cooler Intake Hose

Tighten
3Nm (25 in Ib)

4 Charge Air Cooler Outlet Air Hose

Tighten
3Nm (25 in Ib)
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