Service Manual: ENGINE CONTROLS AND FUEL - 3.6L
(LGX) - DESCRIPTION AND OPERATION

DESCRIPTION AND OPERATION > CAMSHAFT ACTUATOR SYSTEM DESCRIPTION

The camshaft actuator system enables the engine control module (ECM) to change camshaft timing of all
4 camshafts while the engine is operating. The camshaft position (CMP) actuator assembly (15) varies
the camshaft position in response to directional changes in oil pressure. The CMP actuator solenoid
valve controls the oil pressure that is applied to advance or retard a camshaft. Modifying camshaft timing
under changing engine demand provides better balance between the following performance concerns:

e Engine power output
e Fuel economy
¢ Tailpipe emissions

The CMP actuator solenoid valve (7) is controlled by the ECM. The crankshaft position (CKP) sensor
and the CMP sensors are used to monitor changes in camshaft positions. The ECM uses the following
information in order to calculate the desired camshaft positions:

¢ Engine coolant temperature

Calculated engine oil temperature (EOT)

Mass air flow (MAF)

Throttle position (TP)

Vehicle speed

¢ \Volumetric efficiency

DESCRIPTION AND OPERATION > CAMSHAFT ACTUATOR SYSTEM DESCRIPTION >
CAMSHAFT ACTUATOR OPERATION

The CMP actuator assembly has an outer housing that is driven by an engine timing chain. Inside the
assembly is a rotor with fixed vanes that is attached to the camshaft. Oil pressure that is applied to the
fixed vanes will rotate a specific camshaft in relationship to the crankshaft. The movement of the intake
camshafts will advance the intake valve timing. The movement of the exhaust camshafts will retard the
exhaust valve timing. When oil pressure is applied to the return side of the vanes, the camshafts will
return to O crankshaft degrees, or top dead center (TDC). The CMP actuator solenoid valve directs the
oil flow that controls the camshaft movement. The ECM commands the CMP solenoid to move the
solenoid plunger and spool valve until oil flows from the advance passage (11). Oil flowing thru the CMP
actuator assembly from the CMP solenoid advance passage applies pressure to the advance side of the
vanes in the CMP actuator assembly. When the camshaft position is retarded, the CMP actuator
solenoid valve directs oil to flow into the CMP actuator assembly from the retard passage (3). The ECM
can also command the CMP actuator solenoid valve to stop oil flow from both passages in order to hold
the current camshaft position.

The ECM operates the CMP actuator solenoid valve by pulse width modulation (PWM) of the solenoid
coil. The higher the PWM duty cycle, the larger the change in camshaft timing. The CMP actuator



assembly also contains a lock pin (14) that prevents movement between the outer housing and the rotor
vane assembly. The lock pin is released by oil pressure before any movement in the CMP actuator
assembly takes place. The ECM is continuously comparing CMP sensor inputs with CKP sensor input in
order to monitor camshaft position and detect any system malfunctions. If a condition exists in either the
intake or exhaust camshaft actuator system, the opposite bank, intake or exhaust, camshaft actuator will
default to O crankshaft degrees.

CMP Actuator System Operation

Change in Camshaft

Driving Condition Position Objective Result
Idle No Change Minimize Valve Overlap Stabilized Idle Speed
Light Engine Load Retarded Valve Timing Decrease Valve Overlap Stabled Engine Output

Better Fuel Economy

Medium Engine Load = Advanced Valve Timing = Increase Valve Overlap with Lower Emissions

Low to Medium RPM Advanced Valve Timin Advance Intake Valve Improved Low to
with Heavy Load 9 Closing Mid-range Torque
High RPM with Heavy Retard Intake Valve

Retarded Valve Timing Improved Engine Output

Load Closing

DESCRIPTION AND OPERATION > CAMSHAFT ACTUATOR SYSTEM DESCRIPTION >
INTAKE CAMSHAFT POSITION ACTUATOR PARK LOCK OPERATION

The Intake Camshaft Position Actuator Park Lock was designed to optimize fuel consumption and
emissions at engine start-up. The ECM operates the park lock actuator solenoid valve by pulse width
modulation (PWM) of the solenoid coil. The intake phaser has a spring activated locking pin that locks
the phaser into the designed park lock location. Fully retarded the intake phaser would be at O degrees
and when fully advanced would be at 35 degrees. Torque generated from the rotational inertia of the
engine brings the phaser from the retarded position to the locked position. An advanced assist torsion
spring brings the phaser from the advanced position to the locked position. The Camshaft Position
Actuator Solenoid Valve controls the oil flow that applies the pressure to advance or retard the
camshafts park lock feature. It takes 150 Kpa hydraulic pressure to actuate the phaser normally.
Exhaust camshafts do not have the park lock feature.

DESCRIPTION AND OPERATION > ELECTRONIC IGNITION SYSTEM DESCRIPTION

The electronic ignition system produces and controls a high-energy secondary spark. This spark is used
to ignite the compressed air/fuel mixture at precisely the correct time. This provides optimal
performance, fuel economy, and control of exhaust emissions. This ignition system uses an individual
coil for each cylinder. The ignition coils are mounted in the center of each camshaft cover with short
integrated boots connecting the coils to the spark plugs. The driver modules within each ignition coil are
commanded ON/OFF by the Engine Control Module (ECM). The ECM primarily uses engine speed, the
mass air flow (MAF) sensor signal, and position information from the crankshaft position and the
camshaft position sensors. This controls the sequence, dwell, and timing of the spark. The electronic
ignition system consists of the following components:



DESCRIPTION AND OPERATION > ELECTRONIC IGNITION SYSTEM DESCRIPTION >
CRANKSHAFT POSITION SENSOR

The crankshaft position sensor works in conjunction with a reluctor wheel on the crankshaft (front
mounted crankshaft position sensor) or a reluctor wheel that is part of the flywheel (rear mounted
crankshaft position sensor). The ECM monitors the voltage frequency on the crankshaft position sensor
signal circuit. As each reluctor wheel tooth rotates past the sensor, the sensor creates a digital ON/OFF
pulse. This digital signal is processed by the ECM. This creates a signature pattern that enables the
ECM to determine the crankshaft position. The ECM uses the signal to determine which pair of cylinders
is approaching top dead center based on the crankshaft position signal alone. The camshaft position
sensor signals are used in order to determine which of these 2 cylinders is on a firing stroke, and which
is on the exhaust stroke. The ECM uses this to properly synchronize the ignition system, the fuel
injectors, and the knock control. This sensor is also used in order to detect 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.

DESCRIPTION AND OPERATION > ELECTRONIC IGNITION SYSTEM DESCRIPTION >
CAMSHAFT POSITION SENSOR

This engine uses a camshaft position sensor for each camshaft. The camshaft position sensor signals
are a digital ON/OFF pulse and output 4 times per revolution of the camshaft. The camshaft position
sensor does not directly affect the operation of the ignition system. The camshaft position sensor
information is used by the ECM to determine the position of the camshatft relative to the crankshaft
position. By monitoring the camshaft position and crankshaft position signals the ECM can accurately
time the operation of the fuel injectors. The ECM supplies the camshaft position sensor witha 5 V
reference circuit and a low reference circuit. The camshaft position sensor signals are an input to the
ECM. These signals are also used to detect camshaft alignment with the crankshatft.

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

DESCRIPTION AND OPERATION > ELECTRONIC IGNITION SYSTEM DESCRIPTION >
KNOCK SENSOR

The knock sensor system enables the ECM 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 2-wire sensors. The sensor uses
piezo-electric crystal technology that produces an AC voltage signal of varying amplitude 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 ECM receives the knock sensor signal through the high and
low signal circuits.

The ECM 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 ECM uses the minimum noise level to calculate a
noise channel. A normal knock sensor signal will 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 cylinders are knocking,
the ECM 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 ECM has determined that knock is present, it will retard the ignition timing to attempt to eliminate
the knock. The ECM will always try to work back to a zero compensation level, or no spark retard. An
abnormal knock sensor signal 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 ECM, the knock
sensor wiring, or the knock sensor voltage output. Some diagnostics are also calibrated to detect
constant noise from an outside influence such as a loose/damaged component or excessive engine
mechanical noise.

DESCRIPTION AND OPERATION > ELECTRONIC IGNITION SYSTEM DESCRIPTION >
IGNITION COILS

Each ignition coil contains a solid state driver module as its primary element. The engine ECM (ECM)
signals the coil driver to initiate a firing event by applying ignition control circuit voltage for the
appropriate amount of time otherwise known as dwell. When the voltage is removed the coil fires the
spark plug.

DESCRIPTION AND OPERATION > ELECTRONIC IGNITION SYSTEM DESCRIPTION >
ENGINE CONTROL MODULE (ECM)

The ECM controls all ignition system functions and constantly corrects the spark timing. The ECM
monitors information from various sensor inputs that may include the following components, if applicable:

¢ Throttle position sensor

Engine coolant temperature (ECT) sensor

Mass air flow (MAF) sensors

Intake air temperature (IAT) sensors

Vehicle speed sensor (VSS)

Transmission gear position or range information sensors
¢ Engine knock sensors

e Ambient pressure sensors (BARO)

DESCRIPTION AND OPERATION > ENGINE CONTROL MODULE DESCRIPTION

The Engine Control Module (ECM) interacts with many emission related 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 of a network and communicates with various other vehicle control modules.



Malfunction indicator lamp (MIL) operation and DTC storage are dictated by the DTC type. ADTC is
ranked as a Type A or Type B if the DTC is emissions related. Type C is a non-emissions related 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 it recognizes 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.

DESCRIPTION AND OPERATION > ENGINE CONTROL MODULE DESCRIPTION >
ECM FUNCTION

The ECM can supply 5 V or 12 V to various sensors or switches. This is done through pull-up 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, a digital 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 an output driver module.

DESCRIPTION AND OPERATION > ENGINE CONTROL MODULE DESCRIPTION >
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 equipment, as well as the correct program and calibration for the vehicle, are required in order to
reprogram the ECM.

DESCRIPTION AND OPERATION > ENGINE CONTROL MODULE DESCRIPTION >
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.

DESCRIPTION AND OPERATION > ENGINE CONTROL MODULE DESCRIPTION >
MALFUNCTION INDICATOR LAMP (MIL)

The malfunction indicator lamp (MIL) 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.



DESCRIPTION AND OPERATION > ENGINE CONTROL MODULE DESCRIPTION >
ECM SERVICE PRECAUTIONS

The ECM, by design, can withstand normal current draws that are associated 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 apply voltage to any of the ECM circuits unless the diagnostic procedure
instructs you to do so. These circuits should only be tested with a DMM unless the diagnostic procedure
instructs otherwise.

DESCRIPTION AND OPERATION > ENGINE CONTROL MODULE DESCRIPTION >
EMISSIONS DIAGNOSIS FOR STATE I/M PROGRAMS

This OBD Il equipped vehicle is designed to diagnose any conditions that could lead to excessive levels
of the following emissions:

e Hydrocarbons (HC)

e Carbon monoxide (CO)

e Oxides of nitrogen (NOx)

e Evaporative emission (EVAP) system losses

Should this vehicle's on-board 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.

DESCRIPTION AND OPERATION > ENGINE CONTROL MODULE DESCRIPTION >
AFTERMARKET (ADD-ON) ELECTRICAL AND VACUUM EQUIPMENT

/2 CAUTION:

Do not attach add-on vacuum operated equipment to this vehicle. The use of add-on
vacuum equipment may result in damage to vehicle components or systems.

/) CAUTION:

Connect any add-on electrically operated equipment to the vehicle's electrical system at the
12 V battery (power and ground) in order to prevent damage to the vehicle.

Aftermarket, add-on, electrical and vacuum 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 equipment, 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 step in diagnosing 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.

DESCRIPTION AND OPERATION > ENGINE CONTROL MODULE DESCRIPTION >
ELECTROSTATIC DISCHARGE (ESD) DAMAGE

*1 NOTE:

In order to prevent possible electrostatic discharge damage to the ECM, DO NOT touch the
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 components 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 are several 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 well insulated 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 to
use care when handling and testing electronic components.

DESCRIPTION AND OPERATION > ENGINE CONTROL MODULE DESCRIPTION >
EMISSIONS CONTROL INFORMATION LABEL

The underhood Vehicle 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.

This label is located in the engine compartment of every General Motors vehicle. If the label has been
removed, it can be ordered from GM service parts operations (GMSPO).

DESCRIPTION AND OPERATION > CYLINDER DEACTIVATION (ACTIVE FUEL
MANAGEMENT) SYSTEM DESCRIPTION

To provide maximum fuel economy under light load driving conditions, the Engine Control Module (ECM)
will command the cylinder deactivation system ON to deactivate engine cylinders 2 and 5, switching to a
V4 mode. The engine will operate on 6 cylinders, or V6 mode, during engine starting, engine idling, and
medium to heavy throttle applications.



The conditions listed below determine when cylinder deactivation is enabled.

¢ Engine has been running for greater than 30 s

Engine speed is between 700 and 2800rpm

Engine oil pressure is between 187-455 kPa (27-66 psi)

Engine coolant temperature is between 40-129°C (100-264°F)

Engine oil temperature is between 16-128°C (61-263°F)

Throttle angle is 6% or less

Ignition voltage is greater than 11 V

Transmission is not in first, second, or reverse gear

Vehicle speed is greater than 25 kph (15.5 mph)

o Brake booster pressure is greater than 42.0 kPa (6 psi)
¢ Vehicle is not in fuel shut of mode

¢ Vehicle is not in heater performance mode

¢ Vehicle is not in tip in bump acceleration mode

¢ Vehicle is not in oil aeration mode

When cylinder deactivation is commanded, the ECM will determine what cylinder is firing and begin
deactivation on the next closest deactivated cylinder in firing order sequence. Cylinder deactivation is
accomplished by not allowing the intake and exhaust valves to open on the selected cylinders by using
special valve lifters. The deactivation lifters contain spring loaded locking pins that connect the internal
pin housing of the lifter to the outer housing.

Although both intake and exhaust valve lifters are controlled by the same Valve Rocker Arm Qil Control
Valve, the intake and exhaust valves do not become deactivated at the same time. Cylinder deactivation
is timed so that the cylinder is on an intake event. During an intake event, the intake cam lobe is pushing
the valve lifter upwards to open the intake valve against the force of the valve spring. The force exerted
by the valve spring is acting on the side of the lifter locking pins, preventing them from moving until the
intake valve has closed. When the intake valve lifter reaches the base circle of the camshaft lobe, the
valve spring force is reduced, allowing the locking pins to move, deactivating the intake valve. However,
when cylinder deactivation is commanded ON, the exhaust valve for the deactivated cylinder is in the
closed position, allowing the locking pins on the valve lifter to move immediately, and deactivate the
exhaust valve.

By deactivating the exhaust valve first, this allows the capture of a burnt air/fuel charge, or exhaust gas
charge, in the combustion chamber. The capture of exhaust gases in the combustion chamber will
contribute to a reduction in oil consumption, noise and vibration levels, and exhaust emissions when
operating in V4 mode cylinder deactivation mode.

During the transition from V6 to V4 mode, the fuel injectors will be turned OFF on the deactivated
cylinders. To help prevent spark plug fouling, the ignition system secondary voltage or spark is still
present across the spark plug electrodes on the deactivated cylinders. If all enabling conditions are met
and maintained for cylinder deactivation operation, the ECM calibrations will limit cylinder deactivation to
a cycle time of 10 minutes in V4 mode, then return to V6 mode for 1 minute.



Switching between V6 and V4 modes is accomplished in less than 250 milliseconds, making the
transitions seamless and transparent to the vehicle operator. The 250 milliseconds includes the time for
the ECM to sequence the transitions, the response time for the valve lifter oil manifold solenoids to
energize, and the time for the valve lifters to deactivate, all within 2 revolutions of the engine crankshatft.

DESCRIPTION AND OPERATION > CYLINDER DEACTIVATION (ACTIVE FUEL
MANAGEMENT) SYSTEM DESCRIPTION > VALVE LIFTER OIL SOLENOID VALVE

The cylinder deactivation system uses an electro-hydraulic actuator device called the valve lifter oil
solenoid. The valve lifter oil solenoid is bolted to the top of the cylinder head valve covers. Each
solenoid controls the application of engine oil pressure to the intake and exhaust valve lifters on the
cylinders selected to deactivate. Engine oil pressure is routed to the valve lifter oil solenoid from an
internal oil passages.

Both valve lifter oil solenoids are connected in parallel to a fused ignition 1 voltage circuit, supplied by
the ignition relay. The ground or control circuit for each solenoid is connected to a low side driver
internal to the Engine Control Module (ECM).

When all enabling conditions are met for cylinder deactivation, the ECM will ground each solenoid control
circuit in firing order sequence, allowing current to flow through the solenoid windings. With the coil
windings energized, the solenoid controls engine oil pressure through the valve lifter. When vehicle-
operating conditions require a return to V6 mode, the ECM will turn OFF the control circuit for the
solenoids, allowing the solenoid valves to close. With the solenoid valves closed, engine oil pressure in
the control ports is exhausted through the body of the solenoids into the engine.

During service, use extreme care in keeping the valve lifter oil solenoid free of any contamination or
foreign material.

Cylinder deactivation may be inhibited for many reasons including the following:

¢ Engine coolant temperature out of range for cylinder activation

Engine vacuum out of range

Brake booster vacuum out of range

Transmission gear incorrect or shift in progress

Accelerator pedal out of range or rate of pedal application to fast

Engine oil pressure and temperature out of range

Engine speed out of range

Vehicle speed out of range

Minimum time in V6 mode not met

Maximum V4 mode time exceeded

Decel fuel cutoff is active

Reduced engine power is active



Torque management is active

Catalytic converter over temperature protection is active

Piston protection is active, knock detected

Cylinder deactivation solenoid driver circuit faults

DESCRIPTION AND OPERATION > EVAPORATIVE EMISSION CONTROL SYSTEM
DESCRIPTION > TYPICAL EVAPORATIVE EMISSION (EVAP) SYSTEM HOSE
ROUTING DIAGRAM

Fig 1: Typical Evaporative Emission (EVAP) System Hose Routing Diagram

Courtesy of GENERAL MOTORS COMPANY

Callout Component Name



1 Evaporative Emissions (EVAP) Purge Solenoid Valve

2 Purge Tube Check Valve, Turbo-Charged Applications Only
3 EVAP Canister

4 EVAP Vapor Tube

5 Vapor Recirculation Tube (ORVR)

6 Fuel Tank Pressure Sensor

7 Fuel Filler Cap (Some Vehicles May Have A Capless Design)
8 Fuel Tank

9 Fuel Fill Pipe Inlet Check Valve

10 Liquid Fuel

11 Fill Limit Vent Valve (FLVV)

12 Fuel Vapor

13 EVAP Canister Vent Solenoid Valve

14 Vent hose

15 EVAP Purge Tube

16 EVAP Canister Purge Tube Connector

DESCRIPTION AND OPERATION > EVAPORATIVE EMISSION CONTROL SYSTEM
DESCRIPTION > EVAP SYSTEM OPERATION

The EVAP control system limits fuel vapors from escaping into the atmosphere. Fuel tank vapors are
allowed to move from the fuel tank, due to pressure in the tank, through the EVAP vapor tube, into the
EVAP canister. Carbon in the canister absorbs and stores the fuel vapors. Excess pressure is vented
through the vent hose and EVAP vent solenoid valve to the atmosphere. The EVAP canister stores the
fuel vapors until the engine is able to use them. At an appropriate time, the engine control module (ECM)
will command the EVAP purge solenoid valve ON, allowing engine vacuum to be applied to the EVAP
canister. With the normally open EVAP vent solenoid valve OFF, fresh air is drawn through the vent
solenoid valve and the vent hose to the EVAP canister. Fresh air is drawn through the canister, pulling
fuel vapors from the carbon. The air/fuel vapor mixture continues through the EVAP purge tube and EVAP
purge solenoid valve into the intake manifold to be consumed during normal combustion. The ECM uses
several tests to determine if the EVAP system is leaking or restricted.

DESCRIPTION AND OPERATION > EVAPORATIVE EMISSION CONTROL SYSTEM
DESCRIPTION > PURGE SOLENOID VALVE LEAK TEST

If the EVAP purge solenoid valve does not seal properly fuel vapors could enter the engine at an
undesired time, causing driveability concerns. The ECM tests for this by commanding the EVAP purge
solenoid valve OFF and the vent solenoid valve ON which seals the system. With the engine running,
the ECM then monitors the fuel tank pressure sensor for an increase in vacuum. The ECM will set a DTC



if a vacuum develops in the tank under these test conditions.

DESCRIPTION AND OPERATION > EVAPORATIVE EMISSION CONTROL SYSTEM
DESCRIPTION > LARGE LEAK TEST

This diagnostic creates a vacuum condition in the EVAP system. When the enabling criteria has been
met, the ECM commands the normally open EVAP vent solenoid valve closed and the EVAP purge
solenoid valve open, creating a vacuum in the EVAP system. The ECM then monitors the fuel tank
pressure sensor voltage to verify that the system is able to reach a predetermined level of vacuum
within a set amount of time. Failure to achieve the expected level of vacuum indicates the presence of a
large leak in the EVAP system or a restriction in the purge path. The ECM will set a DTC if it detects a
weaker than expected vacuum level under these test conditions.

DESCRIPTION AND OPERATION > EVAPORATIVE EMISSION CONTROL SYSTEM
DESCRIPTION > CANISTER VENT RESTRICTION TEST

If the EVAP vent system is restricted, fuel vapors will not be properly purged from the EVAP canister. The
ECM tests this by commanding the EVAP purge solenoid valve ON while commanding the EVAP vent
solenoid valve OFF, and then monitoring the fuel tank pressure sensor for an increase in vacuum. If the
vacuum increases more than the expected amount, in a set amount of time, a fault will be logged by the
ECM.

DESCRIPTION AND OPERATION > EVAPORATIVE EMISSION CONTROL SYSTEM
DESCRIPTION > SMALL LEAK TEST

The engine off natural vacuum diagnostic is the small-leak detection diagnostic for the EVAP system.
The engine off natural vacuum diagnostic monitors the EVAP system pressure with the ignition OFF.
Because of this, it may be normal for the ECM to remain active for up to 40 min after the ignition is
turned OFF. This is important to remember when performing a parasitic draw test on vehicles equipped
with engine off natural vacuum.

When the vehicle is driven, the temperature rises in the tank due to heat transfer from the exhaust
system. After the vehicle is parked, the temperature in the tank continues to rise for a period of time,
then starts to drop. The engine off natural vacuum diagnostic relies on this temperature change, and the
corresponding pressure change in a sealed system, to determine if an EVAP system leak is present.

The engine off natural vacuum diagnostic is designed to detect leaks as small as 0.51 mm (0.020 in).

DESCRIPTION AND OPERATION > EVAPORATIVE EMISSION CONTROL SYSTEM
DESCRIPTION > EVAP SYSTEM COMPONENTS

The EVAP system consists of the following components:

EVAP Purge Solenoid Valve



The EVAP purge solenoid valve controls the flow of vapors from the EVAP system to the intake manifold.
The purge solenoid valve opens when commanded ON by the ECM. This normally closed valve is pulse
width modulated (PWM) by the ECM to precisely control the flow of fuel vapor to the engine. The valve
will also be opened during some portions of the EVAP testing when the engine is running, allowing engine
vacuum to enter the EVAP system.

Purge Tube Check Valve

*1 NOTE:

The presence of this one-way check valve prevents pressure testing the EVAP system for
leaks at the EVAP canister purge tube connector.

Turbocharged vehicles have a check valve in the purge tube between the EVAP purge solenoid valve
and the intake manifold to prevent pressurization of the EVAP system under boost conditions. Some
applications may have this check valve between the EVAP purge solenoid valve and the EVAP canister.

EVAP Canister

The canister is filled with carbon pellets used to absorb and store fuel vapors. Fuel vapor is stored in the
canister until the ECM determines that the vapor can be consumed in the normal combustion process.

Vapor Recirculation Tube

A vapor path between the fuel fill pipe and the vapor tube to the carbon canister is necessary for Vehicle
Onboard Diagnostics to fully diagnose the EVAP system. It also accommodates service diagnostic
procedures by allowing the entire EVAP system to be diagnosed from either end of the system.

The On-Board Refueling Vapor Recovery System is an on-board vehicle system designed to recover
fuel vapors during the vehicle refueling operation. The flow of liquid fuel down the fuel filler pipe provides
a liquid seal which prevents vapor from leaving the fuel filler pipe. An EVAP pipe transports the fuel vapor
to the EVAP canister for use by the engine.

Fuel Tank Pressure Sensor

The fuel tank pressure sensor measures the difference between the pressure or vacuum in the fuel tank
and outside air pressure. Depending on the vehicle, the sensor can be located in the vapor space on top
of the fuel tank, in the vapor tube between the canister and the tank, or on the EVAP canister. A high fuel
tank pressure sensor voltage indicates a low fuel tank pressure or vacuum. A low fuel tank pressure
sensor voltage indicates a high fuel tank pressure.

Fuel Fill Pipe Check Valve
The check valve on the fuel fill pipe is there to prevent spit-back during refueling.
EVAP Vent Solenoid Valve

The EVAP vent solenoid valve controls fresh airflow into the EVAP canister. The valve is normally open.
The canister vent solenoid valve is closed only during EVAP system tests performed by the ECM like
large leak and engine off natural vacuum test.

Fuel Fill Cap

The fuel fill cap is equipped with a seal and a vacuum relief valve and is tethered. A torque-limiting



device prevents the cap from being over tightened. To install the cap, turn the cap clockwise until you

hear clicks. This indicates that the cap is correctly torqued and fully seated. A built-in device indicates
that the fuel filler cap is fully seated. A fuel filler cap that is not fully seated may cause a malfunction in
the emission system.

Capless Fuel Fill

Some vehicles may have a capless fuel fill design behind a locking fuel door. There is no fuel fill cap to
remove. One just fully inserts the fuel nozzle into the fill neck, making sure it latches before refueling.
Flapper valves close to seal this interface once the fill nozzle is removed.

Fill Limit Vent Valve

This acts as a shut off valve during refueling. This will vary based on fuel tank design. The fuel limit vent
valve has the following functions:

e The fuel limit vent valve is located on the inside top of the fuel tank

This valve is not serviced separately

Controls the fuel tank fill level by closing the primary vent from the fuel tank and forcing the fuel fill
nozzle to shut off.

Prevents liquid fuel from exiting the fuel tank via the EVAP pipe to the canister.

Provides fuel-spillage protection in the event of a vehicle rollover by closing the vapor path from
the tank to the EVAP canister.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (FUEL PUMP
POWER CONTROL MODULE) > FUEL SYSTEM OVERVIEW

The fuel system is an electronic returnless on-demand design. A returnless fuel system reduces the
internal temperature of the fuel tank by not returning hot fuel from the engine to the fuel tank. Reducing
the internal temperature of the fuel tank results in lower evaporative emissions.

An electric turbine style fuel pump attaches to the primary fuel tank fuel pump module inside the fuel tank.
The fuel pump supplies fuel through the fuel feed pipe to the high pressure fuel pump. The high pressure
fuel pump supplies fuel to a variable-pressure fuel rail. Fuel enters the combustion chamber through
precision multi-hole fuel injectors. The high pressure fuel pump, fuel rail pressure, fuel injection timing,
and injection duration are controlled by the engine control module (ECM).

The primary fuel tank fuel pump module also contains a primary jet pump. Fuel pump flow loss, caused by
vapor expulsion in the pump inlet chamber, is diverted to the primary jet pump through a restrictive orifice
located on the pump cover. The primary jet pump fills the reservoir of the primary fuel tank fuel pump
module. The fuel tank fuel pump module has a secondary jet pump that creates a venturi action which
causes the fuel to be drawn from the secondary side of the fuel tank, through the fuel transfer pipe, to
the primary side of the fuel tank.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (FUEL PUMP
POWER CONTROL MODULE) > ELECTRONIC RETURNLESS FUEL SYSTEM



The electronic returnless fuel system is a microprocessor controlled fuel delivery system which
transports fuel from the tank to the fuel rail. It functions as an electronic replacement for a traditional,
mechanical fuel pressure regulator. A pressure relief regulator valve within the fuel tank provides an
added measure of over pressure protection. Desired fuel pressure is commanded by the engine control
module (ECM), and transmitted to the fuel pump power control module via a GMLAN serial data
message. A liquid fuel pressure sensor provides the feedback the engine control module requires for
Closed Loop fuel pressure control.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (FUEL PUMP
POWER CONTROL MODULE) > FUEL PUMP POWER CONTROL MODULE

The fuel pump power control module is a serviceable GMLAN module. The fuel pump power control
module receives the desired fuel pressure message from the engine control module (ECM) and controls
the fuel pump located within the fuel tank to achieve the desired fuel pressure. The fuel pump power
control module sends a 25 kHz PWM signal to the fuel pump, and pump speed is changed by varying the
duty cycle of this signal. Maximum current supplied to the fuel pump is 15 A. A liquid fuel pressure sensor
provides fuel pressure feedback to the engine control module.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (FUEL PUMP
POWER CONTROL MODULE) > FUEL PRESSURE SENSOR

The fuel pressure sensor is a serviceable 5V, 3-pin device. It is located on the fuel feed line forward of
the fuel tank, and receives power and ground from the engine control module through a vehicle wiring
harness. The sensor provides a fuel pressure signal to the engine control module, which is used to
provide Closed Loop fuel pressure control.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (FUEL PUMP
POWER CONTROL MODULE) > FUEL TANK

The fuel tank stores the fuel supply. The fuel tank is located in the rear of the vehicle. The fuel tank is
held in place by 2 metal straps that attach to the frame. The fuel tank is molded from high-density
polyethylene.

The fuel tank is a saddle configuration in order to provide space for a driveshaft through the center area
of the fuel tank. Because of the saddle shape of the tank, two fuel tank fuel pump modules are required.

Mounted inside the fuel tank, as part of the tank assembly is a fuel limit vent valve that is designed to
close the fuel tank vent when the fuel level reaches a calibrated level during fueling. When the fuel limit
vent valve is closed the tank pressure increases during the filling process. This increase in tank
pressure causes the filling station fuel pump nozzle to turn OFF. When the fuel limit vent valve is opened
fuel vapors in the fuel tank are allowed to vent through the fuel limit vent valve and hose to the EVAP
canister.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (FUEL PUMP



POWER CONTROL MODULE) > FUEL FILL PIPE

The fuel fill pipe has a built-in restrictor in order to prevent refueling with leaded fuel. A capless fuel fill is
part of the fuel fill tube design. There is no fuel fill cap to remove. To fill the tank, open the locking fuel
door and fully insert the fuel nozzle into the fill neck. Flapper valves close to seal this interface once the
fill nozzle is removed.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (FUEL PUMP
POWER CONTROL MODULE) > FUEL TANK FUEL PUMP MODULE

An electric turbine style fuel pump attaches to the primary fuel tank fuel pump module inside the fuel tank.
The fuel pump supplies fuel through the fuel feed pipe to the high pressure fuel pump. The fuel tank fuel
pump module contains a reverse flow check valve. The check valve maintains fuel pressure in the fuel
feed pipe in order to prevent long cranking times.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (FUEL PUMP
POWER CONTROL MODULE) > PRIMARY FUEL TANK FUEL PUMP MODULE

The primary fuel tank fuel pump module is located inside of the right side of the fuel tank. The primary fuel
tank fuel pump module consists of the following major components:

e The fuel level sensor

The fuel pump and reservoir assembly

The fuel filter

The pressure relief regulator valve

The fuel strainer

The primary jet pump

The secondary jet pump

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (FUEL PUMP
POWER CONTROL MODULE) > SECONDARY FUEL TANK FUEL PUMP MODULE

The secondary fuel tank fuel pump module is located inside of the left side of the fuel tank. The
secondary fuel tank fuel pump module consists of the following major components:

e The fuel level sensor

e The fuel pick-up

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (FUEL PUMP



POWER CONTROL MODULE) > FUEL LEVEL SENSOR

The fuel level sensor consists of a float, a wire float arm, and a ceramic resistor card. The position of
the float arm indicates the fuel level. The fuel level sensor contains a variable resistor which changes
resistance in correspondence with the position of the float arm. The engine control module (ECM) sends
the fuel level information via the serial data circuit to the instrument panel cluster (IPC) in order to control
the fuel gauge. The control module monitors the signal circuits of the primary fuel level sensor and the
secondary fuel level sensor in order to determine the fuel level.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (FUEL PUMP
POWER CONTROL MODULE) > FUEL PUMP

The fuel pump is mounted in the fuel tank fuel pump module reservoir. The fuel pump is an electric pump.
Fuel is pumped to the high pressure fuel pump at a pressure that is based on feedback from the fuel
pressure sensor. The fuel pump delivers a constant flow of fuel even during low fuel conditions and
aggressive vehicle maneuvers. The fuel pump flex pipe acts to dampen the fuel pulses and noise
generated by the fuel pump.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (FUEL PUMP
POWER CONTROL MODULE) > FUEL FILTER

The fuel filter is located in the primary fuel tank fuel pump module. The paper filter element traps particles
in the fuel that may damage the fuel injection system.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (FUEL PUMP
POWER CONTROL MODULE) > PRESSURE RELIEF REGULATOR VALVE

The pressure relief regulator valve replaces the typical fuel pressure regulator used on a mechanical
returnless fuel system. The pressure relief regulator valve is closed during normal vehicle operation. The
pressure relief regulator valve is used to vent pressure during hot soaks and also functions as a fuel
pressure regulator in the event of the fuel pump power control module defaulting to 100 percent pulse
width modulation (PWM) of the fuel pump. Due to variation in the fuel system pressures, the opening
pressure for the pressure relief regulator valve is set higher than the pressure that is used on a
mechanical returnless fuel system pressure regulator.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (FUEL PUMP
POWER CONTROL MODULE) > PRIMARY AND SECONDARY JET PUMPS

The primary jet pump is located in the primary fuel tank fuel pump module. Fuel pump flow loss, caused
by vapor expulsion in the pump inlet chamber, is diverted to the primary jet pump and the secondary jet

pump through a restrictive orifice located on the pump cover. The primary jet pump fills the reservoir of
the primary fuel tank fuel pump module.

The secondary jet pump creates a venturi action which causes the fuel to be drawn from the secondary



side of the fuel tank, through the transfer pipe, to the primary side of the fuel tank.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (FUEL PUMP
POWER CONTROL MODULE) > NYLON FUEL PIPES

€ WARNING:
In order to reduce the risk of fire and personal injury observe the following items:

¢ Replace all nylon fuel pipes that are nicked, scratched or damaged during installation,
do not attempt to repair the sections of the nylon fuel pipes

¢ Do not hammer directly on the fuel harness body clips when installing new fuel pipes.
Damage to the nylon pipes may resultin a fuel leak.

e Always cover nylon vapor pipes with a wet towel before using a torch near them. Also,
never expose the vehicle to temperatures higher than 115°C (239°F) for more than one
hour, or more than 90°C (194°F) for any extended period.

¢ Apply a few drops of clean engine oil to the male pipe ends before connecting fuel
pipe fittings. This will ensure proper reconnection and prevent a possible fuel leak.
(During normal operation, the O-rings located in the female connector will swell and
may prevent proper reconnection if not lubricated.)

Nylon pipes are constructed to withstand maximum fuel system pressure, exposure to fuel additives, and
changes in temperature.

Heat resistant rubber hose or corrugated plastic conduit protect the sections of the pipes that are
exposed to chafing, high temperature, or vibration.

Nylon fuel pipes are somewhat flexible and can be formed around gradual turns under the vehicle.
However, if nylon fuel pipes are forced into sharp bends, the pipes kink and restrict the fuel flow. Also,
once exposed to fuel, nylon pipes may become stiffer and are more likely to kink if bent too far. Take
special care when working on a vehicle with nylon fuel pipes.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (FUEL PUMP
POWER CONTROL MODULE) > QUICK-CONNECT FITTINGS

Quick-connect fittings provide a simplified means of installing and connecting fuel system components.
The fittings consist of a unique female connector and a compatible male pipe end. O-rings, located inside
the female connector, provide the fuel seal. Integral locking tabs inside the female connector hold the
fittings together.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (FUEL PUMP
POWER CONTROL MODULE) > HIGH PRESSURE FUEL PUMP



The high fuel pressure necessary for direct injection is supplied by the high pressure fuel pump. The
pump is mounted on the rear of the engine and is driven by a three-lobe cam on the Bank 1 exhaust
camshaft. This pump also regulates the fuel pressure using an actuator in the form of an internal
solenoid-controlled valve. In order to keep the engine running efficiently under all operating conditions,
the engine control module (ECM) requests pressure ranging from 2 to 15 MPa (290 to 2176 psi),
depending on engine speed and load. Output drivers in the ECM provide the pump control circuit with a
12 V pulse-width modulated (PWM) signal, which regulates fuel pressure by closing and opening the
control valve at specific times during pump strokes. This effectively regulates the portion of each pump
stroke that is delivered to the fuel rail. When the control solenoid is NOT powered, the pump operates at
maximum flow rate. In the event of pump control failure, the high pressure system is protected by a relief
valve in the pump that prevents the pressure from exceeding 17.5 MPa (2538 psi).

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (FUEL PUMP
POWER CONTROL MODULE) > FUEL RAIL ASSEMBLY

The fuel rail assembly attaches to each cylinder head. The fuel rail distributes high pressure fuel to the
fuel injectors. The fuel rail assembly consists of the following components:

e The direct fuel injectors

e The fuel rail pressure sensor

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (FUEL PUMP
POWER CONTROL MODULE) > FUEL RAIL PRESSURE/TEMPERATURE SENSOR

The fuel rail pressure sensor transmits fuel pressure and temperature information by serial data using
the Society of Automotive Engineers (SAE) J2716 Single Edge Nibble Transmission (SENT) protocol.
The fuel rail pressure sensor internal micro processor allows 4 separate sensor outputs from one 3 wire
sensor. The engine control module (ECM) supplies the fuel rail pressure sensor with a 5 V reference
circuit, a low reference circuit, and an asynchronous signal/serial data circuit. The asynchronous signal
means communication is only going from the fuel rail pressure sensor to the ECM. The ECM decodes
the serial data signal into separate voltages which are displayed on a scan tool as the voltage inputs
from the Fuel Temperature Sensor, Fuel Rail Pressure Sensor and Fuel Rail Pressure Sensor 2.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (FUEL PUMP
POWER CONTROL MODULE) > FUEL INJECTORS

The fuel injection system is a high pressure, direct injection, returnless on-demand design. The fuel
injectors are mounted in the cylinder head beneath the intake ports and spray fuel directly into the
combustion chamber. Direct injection requires high fuel pressure due to the fuel injector's location in the
combustion chamber. Fuel pressure must be higher than compression pressure requiring a high pressure
fuel pump. The fuel injectors also require more electrical power due to the high fuel pressure. The ECM
supplies a separate high voltage supply circuit and a high voltage control circuit for each fuel injector.
The injector high voltage supply circuit and the high voltage control circuit are both controlled by the
ECM. The ECM energizes each fuel injector by grounding the control circuit. The ECM controls each fuel
injector with 65 V. This is controlled by a boost capacitor in the ECM. During the 65 V boost phase, the
capacitor is discharged through an injector, allowing for initial injector opening. The injector is then held



open with 12 V.

The fuel injector assembly is an inside opening electrical magnetic injector. The injector has six precision
machined holes that generate a cone shaped oval spray pattern. The fuel injector has a slim extended tip
in order to allow a sufficient cooling jacket in the cylinder head.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (FUEL PUMP
POWER CONTROL MODULE) > FUEL METERING MODES OF OPERATION

The ECM monitors voltages from several sensors in order to determine how much fuel to give the
engine. The ECM controls the amount of fuel delivered to the engine by changing the fuel injector pulse
width. The fuel is delivered under one of several modes.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (FUEL PUMP
POWER CONTROL MODULE) > STARTING MODE

The ECM supplies voltage to the fuel pump control module when the ECM detects that the ignition is ON.
The voltage from the ECM to the fuel pump control module remains active for 2 s, unless the engine is in
Crank or Run. While this voltage is being received, the fuel pump control module closes the ground
switch of the fuel tank fuel pump module and also supplies a varying voltage to the fuel tank fuel pump
module in order to maintain the desired fuel line pressure. The ECM calculates the air/fuel ratio based on
inputs from the engine coolant temperature (ECT), manifold absolute pressure (MAP), mass air flow
(MAF), and throttle position sensors. The system stays in starting mode until the engine speed reaches
a predetermined RPM.

During a cold start, the engine control module (ECM) commands dual-pulse mode during Open Loop
operation to improve cold start emissions. In dual-pulse mode, the injectors are energized twice during
each injection event.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (FUEL PUMP
POWER CONTROL MODULE) > CLEAR FLOOD MODE

If the engine floods, the engine can be cleared by pressing the accelerator pedal down to the floor and
then cranking the engine. When the throttle position sensor is at wide open throttle (WOT), the ECM
reduces the fuel injector pulse width in order to increase the air to fuel ratio. The ECM holds this injector
rate as long as the throttle stays wide open and the engine speed is below a predetermined RPM. If the
throttle is not held wide open, the ECM returns to the starting mode.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (FUEL PUMP
POWER CONTROL MODULE) > RUN MODE

The run mode has 2 conditions called Open Loop and Closed Loop. When the engine is first started and
the engine speed is above a predetermined RPM, the system begins Open Loop operation. The ECM
ignores the signal from the heated oxygen sensor (HO2S). The ECM calculates the air/fuel ratio based



on inputs from the engine coolant temperature (ECT), manifold absolute pressure (MAP), mass air flow
(MAF), and throttle position sensors. The system stays in Open Loop until meeting the following
conditions:

e The HO2S has varying voltage output, showing that the HO2S is hot enough to operate properly.
e The ECT sensor is above a specified temperature.
¢ A specific amount of time has elapsed after starting the engine.

Specific values for the above conditions exist for each different engine, and are stored in the electrically
erasable programmable read-only memory (EEPROM). The system begins Closed Loop operation after
reaching these values. In Closed Loop, the ECM calculates the air/fuel ratio, injector ON time, based
upon the signal from various sensors, but mainly from the HO2S. This allows the air/fuel ratio to stay
very close to 14.7:1.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (FUEL PUMP
POWER CONTROL MODULE) > ACCELERATION MODE

When the driver pushes on the accelerator pedal, air flow into the cylinders increases rapidly. To prevent
possible hesitation, the ECM increases the pulse width to the injectors to provide extra fuel during
acceleration. This is also known as power enrichment. The ECM determines the amount of fuel required
based upon throttle position, engine coolant temperature (ECT), manifold absolute pressure (MAP), mass
air flow (MAF), and engine speed.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (FUEL PUMP
POWER CONTROL MODULE) > DECELERATION MODE

When the driver releases the accelerator pedal, air flow into the engine is reduced. The ECM monitors
the corresponding changes in throttle position, mass air flow (MAF), and manifold absolute pressure
(MAP). The ECM shuts OFF fuel completely if the deceleration is very rapid, or for long periods, such as
long, closed-throttle coast-down. The fuel shuts OFF in order to prevent damage to the catalytic
converters.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (FUEL PUMP
POWER CONTROL MODULE) > BATTERY VOLTAGE CORRECTION MODE

When the battery voltage is low, the ECM compensates for the weak spark delivered by the ignition
system in the following ways:

¢ Increasing the amount of fuel delivered
¢ Increasing the idle RPM

¢ Increasing the ignition dwell time



DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (FUEL PUMP
POWER CONTROL MODULE) > FUEL CUTOFF MODE

The ECM cuts OFF fuel from the fuel injectors when the following conditions are met in order to protect
the powertrain from damage and improve driveability:

¢ The ignition is OFF. This prevents engine run-on.

The ignition is ON but there is no ignition reference signal. This prevents flooding or backfiring.

The engine speed is too high, above red line.

The vehicle speed is too high, above rated tire speed.

During an extended, high speed, closed throttle coast down-This reduces emissions and increases
engine braking.

During extended deceleration, in order to prevent damage to the catalytic converters

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (FUEL PUMP
POWER CONTROL MODULE) > FUEL TRIM

The ECM controls the air/fuel metering system in order to provide the best possible combination of
driveability, fuel economy, and emission control. The ECM monitors the heated oxygen sensor (HO2S)
signal voltage while in Closed Loop and regulates the fuel delivery by adjusting the pulse width of the
injectors based on this signal. The ideal fuel trim values are around 0 percent for both short and long
term fuel trim. A positive fuel trim value indicates the ECM is adding fuel in order to compensate for a
lean condition by increasing the pulse width. A negative fuel trim value indicates that the ECM is
reducing the amount of fuel in order to compensate for a rich condition by decreasing the pulse width. A
change made to the fuel delivery changes the long and short term fuel trim values. The short term fuel
trim values change rapidly in response to the HO2S signal voltage. These changes fine tune the engine
fueling. The long term fuel trim makes coarse adjustments to fueling in order to re-center and restore
control to short term fuel trim. A scan tool can be used to monitor the short and long term fuel trim values.
The long term fuel trim diagnostic is based on an average of several of the long term speed load learn
cells. The ECM selects the cells based on the engine speed and engine load. If the ECM detects an
excessively lean or rich condition, the ECM will set a fuel trim diagnostic trouble code (DTC).

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (CHASSIS
CONTROL MODULE) > FUEL SYSTEM OVERVIEW

The fuel system is an electronic returnless on-demand design. A returnless fuel system reduces the
internal temperature of the fuel tank by not returning hot fuel from the engine to the fuel tank. Reducing
the internal temperature of the fuel tank results in lower evaporative emissions.

An electric turbine style fuel pump attaches to the primary fuel tank fuel pump module inside the fuel tank.
The fuel pump supplies fuel through the fuel feed pipe to the high pressure fuel pump. The high pressure
fuel pump supplies fuel to a variable-pressure fuel rail. Fuel enters the combustion chamber through
precision multi-hole fuel injectors. The high pressure fuel pump, fuel rail pressure, fuel injection timing,
and injection duration are controlled by the engine control module (ECM).



The primary fuel tank fuel pump module also contains a primary jet pump. Fuel pump flow loss, caused by
vapor expulsion in the pump inlet chamber, is diverted to the primary jet pump through a restrictive orifice
located on the pump cover. The primary jet pump fills the reservoir of the primary fuel tank fuel pump
module. The fuel tank fuel pump module has a secondary jet pump that creates a venturi action which
causes the fuel to be drawn from the secondary side of the fuel tank, through the fuel transfer pipe, to
the primary side of the fuel tank.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (CHASSIS
CONTROL MODULE) > ELECTRONIC RETURNLESS FUEL SYSTEM

The electronic returnless fuel system is a microprocessor controlled fuel delivery system which
transports fuel from the tank to the fuel rail. It functions as an electronic replacement for a traditional,
mechanical fuel pressure regulator. A pressure relief regulator valve within the fuel tank provides an
added measure of over pressure protection. Desired fuel pressure is commanded by the engine control
module (ECM), and transmitted to the chassis control module via a GMLAN serial data message. A liquid
fuel pressure sensor provides the feedback the engine control module requires for Closed Loop fuel
pressure control.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (CHASSIS
CONTROL MODULE) > CHASSIS CONTROL MODULE

The chassis control module is a serviceable GMLAN module. The chassis control module receives the
desired fuel pressure message from the engine control module (ECM) and controls the fuel pump located
within the fuel tank to achieve the desired fuel pressure. The chassis control module sends a 25 kHz
PWM signal to the fuel pump, and pump speed is changed by varying the duty cycle of this signal.
Maximum current supplied to the fuel pump is 15 A. A liquid fuel pressure sensor provides fuel pressure
feedback to the chassis control module.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (CHASSIS
CONTROL MODULE) > FUEL PRESSURE SENSOR

The fuel pressure sensor is a serviceable 5V, 3-pin device. It is located on the fuel feed line forward of
the fuel tank, and receives power and ground from the chassis control module through a vehicle wiring
harness. The sensor provides a fuel pressure signal to the chassis control module, which is used to
provide Closed Loop fuel pressure control.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (CHASSIS
CONTROL MODULE) > FUEL TANK

The fuel tank stores the fuel supply. The fuel tank is located in the rear of the vehicle. The fuel tank is
held in place by 2 metal straps that attach to the frame. The fuel tank is molded from high-density
polyethylene.

The fuel tank is a saddle configuration in order to provide space for a driveshaft through the center area



of the fuel tank. Because of the saddle shape of the tank, two fuel tank fuel pump modules are required.

Mounted inside the fuel tank, as part of the tank assembly is a fuel limit vent valve that is designed to
close the fuel tank vent when the fuel level reaches a calibrated level during fueling. When the fuel limit
vent valve is closed the tank pressure increases during the filling process. This increase in tank
pressure causes the filling station fuel pump nozzle to turn OFF. When the fuel limit vent valve is opened
fuel vapors in the fuel tank are allowed to vent through the fuel limit vent valve and hose to the EVAP
canister.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (CHASSIS
CONTROL MODULE) > FUEL FILL PIPE

The fuel fill pipe has a built-in restrictor in order to prevent refueling with leaded fuel. A capless fuel fill is
part of the fuel fill tube design. There is no fuel fill cap to remove. To fill the tank, open the locking fuel
door and fully insert the fuel nozzle into the fill neck. Flapper valves close to seal this interface once the
fill nozzle is removed.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (CHASSIS
CONTROL MODULE) > FUEL TANK FUEL PUMP MODULE

An electric turbine style fuel pump attaches to the primary fuel tank fuel pump module inside the fuel tank.
The fuel pump supplies fuel through the fuel feed pipe to the high pressure fuel pump. The fuel tank fuel
pump module contains a reverse flow check valve. The check valve maintains fuel pressure in the fuel
feed pipe in order to prevent long cranking times.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (CHASSIS
CONTROL MODULE) > PRIMARY FUEL TANK FUEL PUMP MODULE

The primary fuel tank fuel pump module is located inside of the right side of the fuel tank. The primary fuel
tank fuel pump module consists of the following major components:

e The fuel level sensor

e The fuel pump and reservoir assembly
e The fuel filter

e The pressure relief regulator valve

e The fuel strainer

e The primary jet pump

e The secondary jet pump

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (CHASSIS



CONTROL MODULE) > SECONDARY FUEL TANK FUEL PUMP MODULE

The secondary fuel tank fuel pump module is located inside of the left side of the fuel tank. The
secondary fuel tank fuel pump module consists of the following major components:

e The fuel level sensor

¢ The fuel pick-up

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (CHASSIS
CONTROL MODULE) > FUEL LEVEL SENSOR

The fuel level sensor consists of a float, a wire float arm, and a ceramic resistor card. The position of
the float arm indicates the fuel level. The fuel level sensor contains a variable resistor which changes
resistance in correspondence with the position of the float arm. The engine control module (ECM) sends
the fuel level information via the serial data circuit to the instrument panel cluster (IPC) in order to control
the fuel gauge. The control module monitors the signal circuits of the primary fuel level sensor and the
secondary fuel level sensor in order to determine the fuel level.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (CHASSIS
CONTROL MODULE) > FUEL PUMP

The fuel pump is mounted in the fuel tank fuel pump module reservoir. The fuel pump is an electric pump.
Fuel is pumped to the high pressure fuel pump at a pressure that is based on feedback from the fuel
pressure sensor. The fuel pump delivers a constant flow of fuel even during low fuel conditions and
aggressive vehicle maneuvers. The fuel pump flex pipe acts to dampen the fuel pulses and noise
generated by the fuel pump.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (CHASSIS
CONTROL MODULE) > FUEL FILTER

The fuel filter is located in the primary fuel tank fuel pump module. The paper filter element traps particles
in the fuel that may damage the fuel injection system.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (CHASSIS
CONTROL MODULE) > PRESSURE RELIEF REGULATOR VALVE

The pressure relief regulator valve replaces the typical fuel pressure regulator used on a mechanical
returnless fuel system. The pressure relief regulator valve is closed during normal vehicle operation. The
pressure relief regulator valve is used to vent pressure during hot soaks and also functions as a fuel
pressure regulator in the event of the chassis control module defaulting to 100 percent pulse width
modulation (PWM) of the fuel pump. Due to variation in the fuel system pressures, the opening pressure
for the pressure relief regulator valve is set higher than the pressure that is used on a mechanical
returnless fuel system pressure regulator.



DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (CHASSIS
CONTROL MODULE) > PRIMARY AND SECONDARY JET PUMPS

The primary jet pump is located in the primary fuel tank fuel pump module. Fuel pump flow loss, caused
by vapor expulsion in the pump inlet chamber, is diverted to the primary jet pump and the secondary jet
pump through a restrictive orifice located on the pump cover. The primary jet pump fills the reservoir of
the primary fuel tank fuel pump module.

The secondary jet pump creates a venturi action which causes the fuel to be drawn from the secondary
side of the fuel tank, through the transfer pipe, to the primary side of the fuel tank.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (CHASSIS
CONTROL MODULE) > NYLON FUEL PIPES

€ WARNING:
In order to reduce the risk of fire and personal injury observe the following items:

¢ Replace all nylon fuel pipes that are nicked, scratched or damaged during installation,
do not attempt to repair the sections of the nylon fuel pipes

¢ Do not hammer directly on the fuel harness body clips when installing new fuel pipes.
Damage to the nylon pipes may resultin a fuel leak.

¢ Always cover nylon vapor pipes with a wet towel before using a torch near them. Also,
never expose the vehicle to temperatures higher than 115°C (239°F) for more than one
hour, or more than 90°C (194°F) for any extended period.

o Apply a few drops of clean engine oil to the male pipe ends before connecting fuel
pipe fittings. This will ensure proper reconnection and prevent a possible fuel leak.
(During normal operation, the O-rings located in the female connector will swell and
may prevent proper reconnection if not lubricated.)

Nylon pipes are constructed to withstand maximum fuel system pressure, exposure to fuel additives, and
changes in temperature.

Heat resistant rubber hose or corrugated plastic conduit protect the sections of the pipes that are
exposed to chafing, high temperature, or vibration.

Nylon fuel pipes are somewhat flexible and can be formed around gradual turns under the vehicle.
However, if nylon fuel pipes are forced into sharp bends, the pipes kink and restrict the fuel flow. Also,
once exposed to fuel, nylon pipes may become stiffer and are more likely to kink if bent too far. Take
special care when working on a vehicle with nylon fuel pipes.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (CHASSIS



CONTROL MODULE) > QUICK-CONNECT FITTINGS

Quick-connect fittings provide a simplified means of installing and connecting fuel system components.
The fittings consist of a unique female connector and a compatible male pipe end. O-rings, located inside
the female connector, provide the fuel seal. Integral locking tabs inside the female connector hold the
fittings together.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (CHASSIS
CONTROL MODULE) > HIGH PRESSURE FUEL PUMP

The high fuel pressure necessary for direct injection is supplied by the high pressure fuel pump. The
pump is mounted on the rear of the engine and is driven by a three-lobe cam on the Bank 1 exhaust
camshaft. This pump also regulates the fuel pressure using an actuator in the form of an internal
solenoid-controlled valve. In order to keep the engine running efficiently under all operating conditions,
the engine control module (ECM) requests pressure ranging from 2 to 15 MPa (290 to 2176 psi),
depending on engine speed and load. Output drivers in the ECM provide the pump control circuit with a
12 V pulse-width modulated (PWM) signal, which regulates fuel pressure by closing and opening the
control valve at specific times during pump strokes. This effectively regulates the portion of each pump
stroke that is delivered to the fuel rail. When the control solenoid is NOT powered, the pump operates at
maximum flow rate. In the event of pump control failure, the high pressure system is protected by a relief
valve in the pump that prevents the pressure from exceeding 17.5 MPa (2538 psi).

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (CHASSIS
CONTROL MODULE) > FUEL RAIL ASSEMBLY

The fuel rail assembly attaches to each cylinder head. The fuel rail distributes high pressure fuel to the
fuel injectors. The fuel rail assembly consists of the following components:

e The direct fuel injectors

e The fuel rail pressure sensor

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (CHASSIS
CONTROL MODULE) > FUEL INJECTORS

The fuel injection system is a high pressure, direct injection, returnless on-demand design. The fuel
injectors are mounted in the cylinder head beneath the intake ports and spray fuel directly into the
combustion chamber. Direct injection requires high fuel pressure due to the fuel injector's location in the
combustion chamber. Fuel pressure must be higher than compression pressure requiring a high pressure
fuel pump. The fuel injectors also require more electrical power due to the high fuel pressure. The ECM
supplies a separate high voltage supply circuit and a high voltage control circuit for each fuel injector.
The injector high voltage supply circuit and the high voltage control circuit are both controlled by the
ECM. The ECM energizes each fuel injector by grounding the control circuit. The ECM controls each fuel
injector with 65 V. This is controlled by a boost capacitor in the ECM. During the 65 V boost phase, the
capacitor is discharged through an injector, allowing for initial injector opening. The injector is then held
open with 12 V.



The fuel injector assembly is an inside opening electrical magnetic injector. The injector has six precision
machined holes that generate a cone shaped oval spray pattern. The fuel injector has a slim extended tip
in order to allow a sufficient cooling jacket in the cylinder head.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (CHASSIS
CONTROL MODULE) > FUEL RAIL PRESSURE/TEMPERATURE SENSOR

The fuel rail pressure sensor transmits fuel pressure and temperature information by serial data using
the Society of Automotive Engineers (SAE) J2716 Single Edge Nibble Transmission (SENT) protocol.
The fuel rail pressure sensor internal micro processor allows 4 separate sensor outputs from one 3 wire
sensor. The engine control module (ECM) supplies the fuel rail pressure sensor with a 5 V reference
circuit, a low reference circuit, and an asynchronous signal/serial data circuit. The asynchronous signal
means communication is only going from the fuel rail pressure sensor to the ECM. The ECM decodes
the serial data signal into separate voltages which are displayed on a scan tool as the voltage inputs
from the Fuel Temperature Sensor, Fuel Rail Pressure Sensor and Fuel Rail Pressure Sensor 2.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (CHASSIS
CONTROL MODULE) > FUEL METERING MODES OF OPERATION

The ECM monitors voltages from several sensors in order to determine how much fuel to give the
engine. The ECM controls the amount of fuel delivered to the engine by changing the fuel injector pulse
width. The fuel is delivered under one of several modes.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (CHASSIS
CONTROL MODULE) > STARTING MODE

The ECM supplies voltage to the fuel pump control module when the ECM detects that the ignition is ON.
The voltage from the ECM to the fuel pump control module remains active for 2 s, unless the engine is in
Crank or Run. While this voltage is being received, the fuel pump control module closes the ground
switch of the fuel tank fuel pump module and also supplies a varying voltage to the fuel tank fuel pump
module in order to maintain the desired fuel line pressure. The ECM calculates the air/fuel ratio based on
inputs from the engine coolant temperature (ECT), manifold absolute pressure (MAP), mass air flow
(MAF), and throttle position sensors. The system stays in starting mode until the engine speed reaches
a predetermined RPM.

During a cold start, the engine control module (ECM) commands dual-pulse mode during Open Loop
operation to improve cold start emissions. In dual-pulse mode, the injectors are energized twice during
each injection event.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (CHASSIS
CONTROL MODULE) > CLEAR FLOOD MODE

If the engine floods, the engine can be cleared by pressing the accelerator pedal down to the floor and
then cranking the engine. When the throttle position sensor is at wide open throttle (WOT), the ECM



reduces the fuel injector pulse width in order to increase the air to fuel ratio. The ECM holds this injector
rate as long as the throttle stays wide open and the engine speed is below a predetermined RPM. If the
throttle is not held wide open, the ECM returns to the starting mode.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (CHASSIS
CONTROL MODULE) > RUN MODE

The run mode has 2 conditions called Open Loop and Closed Loop. When the engine is first started and
the engine speed is above a predetermined RPM, the system begins Open Loop operation. The ECM
ignores the signal from the heated oxygen sensor (HO2S). The ECM calculates the air/fuel ratio based
on inputs from the engine coolant temperature (ECT), manifold absolute pressure (MAP), mass air flow
(MAF), and throttle position sensors. The system stays in Open Loop until meeting the following
conditions:

e The HO2S has varying voltage output, showing that the HO2S is hot enough to operate properly.
e The ECT sensor is above a specified temperature.
¢ A specific amount of time has elapsed after starting the engine.

Specific values for the above conditions exist for each different engine, and are stored in the electrically
erasable programmable read-only memory (EEPROM). The system begins Closed Loop operation after
reaching these values. In Closed Loop, the ECM calculates the air/fuel ratio, injector ON time, based
upon the signal from various sensors, but mainly from the HO2S. This allows the air/fuel ratio to stay
very close to 14.7:1.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (CHASSIS
CONTROL MODULE) > ACCELERATION MODE

When the driver pushes on the accelerator pedal, air flow into the cylinders increases rapidly. To prevent
possible hesitation, the ECM increases the pulse width to the injectors to provide extra fuel during
acceleration. This is also known as power enrichment. The ECM determines the amount of fuel required
based upon throttle position, engine coolant temperature (ECT), manifold absolute pressure (MAP), mass
air flow (MAF), and engine speed.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (CHASSIS
CONTROL MODULE) > DECELERATION MODE

When the driver releases the accelerator pedal, air flow into the engine is reduced. The ECM monitors
the corresponding changes in throttle position, mass air flow (MAF), and manifold absolute pressure
(MAP). The ECM shuts OFF fuel completely if the deceleration is very rapid, or for long periods, such as
long, closed-throttle coast-down. The fuel shuts OFF in order to prevent damage to the catalytic
converters.

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (CHASSIS



CONTROL MODULE) > BATTERY VOLTAGE CORRECTION MODE

When the battery voltage is low, the ECM compensates for the weak spark delivered by the ignition
system in the following ways:

¢ Increasing the amount of fuel delivered
¢ Increasing the idle RPM

¢ Increasing the ignition dwell time

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (CHASSIS
CONTROL MODULE) > FUEL CUTOFF MODE

The ECM cuts OFF fuel from the fuel injectors when the following conditions are met in order to protect
the powertrain from damage and improve driveability:

e The ignition is OFF. This prevents engine run-on.

The ignition is ON but there is no ignition reference signal. This prevents flooding or backfiring.

The engine speed is too high, above red line.

The vehicle speed is too high, above rated tire speed.

During an extended, high speed, closed throttle coast down-This reduces emissions and increases
engine braking.

During extended deceleration, in order to prevent damage to the catalytic converters

DESCRIPTION AND OPERATION > FUEL SYSTEM DESCRIPTION (CHASSIS
CONTROL MODULE) > FUEL TRIM

The ECM controls the air/fuel metering system in order to provide the best possible combination of
driveability, fuel economy, and emission control. The ECM monitors the heated oxygen sensor (HO2S)
signal voltage while in Closed Loop and regulates the fuel delivery by adjusting the pulse width of the
injectors based on this signal. The ideal fuel trim values are around O percent for both short and long
term fuel trim. A positive fuel trim value indicates the ECM is adding fuel in order to compensate for a
lean condition by increasing the pulse width. A negative fuel trim value indicates that the ECM is
reducing the amount of fuel in order to compensate for a rich condition by decreasing the pulse width. A
change made to the fuel delivery changes the long and short term fuel trim values. The short term fuel
trim values change rapidly in response to the HO2S signal voltage. These changes fine tune the engine
fueling. The long term fuel trim makes coarse adjustments to fueling in order to re-center and restore
control to short term fuel trim. A scan tool can be used to monitor the short and long term fuel trim values.
The long term fuel trim diagnostic is based on an average of several of the long term speed load learn
cells. The ECM selects the cells based on the engine speed and engine load. If the ECM detects an
excessively lean or rich condition, the ECM will set a fuel trim diagnostic trouble code (DTC).



DESCRIPTION AND OPERATION > THROTTLE ACTUATOR CONTROL (TAC) SYSTEM
DESCRIPTION

Fig 1: Throttle Actuator Control (TAC) System Description
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The engine control module (ECM) is the control center for the throttle actuator control (TAC) system. The
ECM determines the driver's intent based on input 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.

DESCRIPTION AND OPERATION > THROTTLE ACTUATOR CONTROL (TAC) SYSTEM
DESCRIPTION > 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:

e Minimum pedal value-At key-up, the ECM updates the learned minimum pedal value.

e Minimum throttle position values-At key-up, the ECM updates the learned minimum throttle position
value. In order to learn the minimum throttle position value, the throttle blade is moved to the
Closed position.

¢ 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 maximum pulse
width several times to the throttle actuator motor in the closing direction.

o Battery saver mode-After a predetermined time without engine speed, the ECM commands the
battery saver mode. 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.

Reduced 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:

¢ Acceleration limiting-The ECM will continue to use the accelerator pedal for throttle control,
however, the vehicle acceleration is limited.

¢ Limited throttle mode-The ECM will continue to use the accelerator pedal for throttle control,
however, the maximum throttle opening is limited.

e Throttle default mode-The ECM will turn OFF the throttle actuator motor, and the throttle will return
to the spring loaded default position.

¢ Forced idle mode-The ECM will perform the following actions:
o Limit engine speed to the idle position
o Ignore the accelerator pedal input.
¢ Engine shutdown mode-The ECM will disable fuel and de-energize the throttle actuator.
Throttle/ldle Learn

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 the 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 body that has 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 unstable or a DTC may set if the learned values do not match the actual airflow.

A un-metered 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 various symptoms 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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Fig 1: Power, Ground, Serial Data and MIL
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Fig 1: 5V1 and Low Reference Bus (1 of 2)
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SCHEMATIC WIRING DIAGRAMS > ENGINE CONTROLS WIRING SCHEMATICS >
5V2, 5V3, 5V4 AND LOW REFERENCE BUS (2 OF 2)



Fig 1: 5V2, 5V3, 5V4 and Low Reference Bus (2 of 2)

N et T T

foon | Engine ToA THC THE T8O TEF
- Control Igniticn Ignition Ignition Ignition Ignition
5va | Medule Coil 1 Cail 3 Coil 5 Coil &
L r==a r=—1a r-=—n r==a r=—na
P | SR ————] [P N——— 4 I 1o 11 1 1 11 1
434 x3ils 21
- mmmmmmm - I 1 1 [} ] M1 I
e d e d Lo d oo d e d
2 2 2 2 2
2705 3201 6270 5381 1274 1164 2701 2128 2129 2129 2130 2130 2130
WHIRD WHRD VTBU WHIRD BNRD WHIRD BN/AD B34 BB BHBLU BHBL BRIGY BRIGY BRIGY
Engine
Coolant
Temparature
Sensor
=1
X182 4
I I [ ] J13z2 [ I a4
1 I
5381 1274 1164 LE
WHIRD BKRD BRAWH 1
12 . N b . QBA =) 06C Q8D
r T B7EC r B2z r T BT Camshaft Camshaft Camshaf Camshaft
| | Musifunction 1 | Brake 1 | Accalerator Position Pasition Position Postion
Intake Pedal Pedal Actuator Actuator Actuator Actuator
I | Sensor I 1 Position I 1 Positon Solenoid Solencid Solenoid Salenoid
o d & o o Sonsor b = = o SensOr Valvo - Valve - Valve - Vaalve -
3 3 4 Bank 1 Bank 1 Bank 2 Bank 2
z 1 5 Exhaust Intaka Exhaust Intaikn
r == 28 L oaps a0 F=a r=n1 r=na r—na
Engne Od Cranishaft Throtthe
! | Erasuee | | poaison ! ! Bady ! L ! ! L I I
I I 1 Sensar I 1 1 1 1 I ] I I I
e d [ e b oo d e d b d b d
1 2 4 H 2 z 2
5382 1272 1271 051
BKIYE BT BEBL BIKWH
X152
n
z251 2760 6272 5382 1272 1271 2152 2081 6754 6753 229 6756 6754 2130
BKAWH BRNT BRAT BKAYE BKNT BR/BL BREN BKWH BRVT BKEN | BRBU BRIGY BREL | BRGY

Courtesy of GENERAL MOTORS COMPANY

SCHEMATIC WIRING DIAGRAMS > ENGINE CONTROLS WIRING SCHEMATICS >
ENGINE DATA SENSORS - PRESSURE AND TEMPERATURE



Fig 1: Engine Data Sensors - Pressure and Temperature
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SCHEMATIC WIRING DIAGRAMS > ENGINE CONTROLS WIRING SCHEMATICS >
ENGINE DATA SENSORS - OXYGEN SENSORS



Fig 1: Engine Data Sensors - Oxygen Sensors
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SCHEMATIC WIRING DIAGRAMS > ENGINE CONTROLS WIRING SCHEMATICS >
ENGINE DATA SENSORS - THROTTLE CONTROLS AND OVERRIDE



Fig 1: Engine Data Sensors - Throttle Controls and Override
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SCHEMATIC WIRING DIAGRAMS > ENGINE CONTROLS WIRING SCHEMATICS >
IGNITION CONTROLS - BANK 1 IGNITION SYSTEM



Fig 1: Ignition Controls - Bank 1 Ignition System
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SCHEMATIC WIRING DIAGRAMS > ENGINE CONTROLS WIRING SCHEMATICS >
IGNITION CONTROLS - BANK 2 IGNITION SYSTEM




Fig 1: Ignition Controls - Bank 2 Ignition System
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Fig 1: Ignition Controls - Camshaft Solenoids and Ignition Sensors
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Fig 1: Fuel Controls - Fuel Pump Controls (NPP)
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SCHEMATIC WIRING DIAGRAMS > ENGINE CONTROLS WIRING SCHEMATICS >
FUEL CONTROLS - FUEL PUMP CONTROLS (WITHOUT NPP)




Fig 1: Fuel Controls - Fuel Pump Controls (without NPP)
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Fig 1: Fuel Controls - Fuel Injectors and High Pressure Control
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Fig 1: Fuel Controls - Evaporative Emission Controls
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Fig 1: Controlled/Monitored Subsystem References
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Service Manual: ENGINE CONTROLS AND FUEL - 3.6L
(LGX) - SPECIAL TOOLS AND EQUIPMENT

SPECIAL TOOLS AND EQUIPMENT > SPECIAL TOOLS (DIAGNOSTIC TOOLS)

lllustration Tool Number/Description

CH-34730-2C
J-34730-2C
Injector Test Lamp

L% CH-37287-1A
Fuel Pressure Gauge Adapter 3/8"

CH-38641-B
J-38641-B
Diesel Fuel Quality Tester



CH-39021-301
J-39021-301
Fuel Injector Harness Adapter

CH-39021-460
J-39021-460
Fuel Injector Test Adapter

CH-41415-30
GE-41415-30
J-41415-30
Fuel Tank Cap Adapter




CH-41769
J-41769
Fuel Line Quick Disconnect Tool

CH-42960-2
J-42960-2
Fuel Flapper Door Holder

CH-42982
J-42982
Fuel Pressure Gauge Adapter




CH-44175-A
J-44175-A
Fuel Composition Tester

CH-45004
J-45004
Fuel Tank Drain Hose

CH-45722
J-45722
Fuel Sender Lock Ring Wrench



CH-45873
J-45873
Fuel Return Volume Test Kit

CH-47717
Lock Ring Wrench

CH-47976
Active Fuel Injector Tester (AFIT)




CH-47976-75
Fuel Injector Harness Adapter

CH-47976-500A
Active Fuel Injection Tester (AFIT) SIDI
Adapter Kit

CH-47976-502A
AFIT SIDI E92 G2A Adapter Cable



CH-47976-503
AFIT SIDI E80 G3 Adapter Cable

CH-47976-504
E92/E39A G2B Start/Stop Adapter

CH-47976-509
AFIT SIDI E81 G4 Adapter Cable



CH-47976-511
AFIT SIDI E82 G5 Adapter Cable

CH-47976-512
E80 G3B Stop/Start Adapter

CH-47976-513
E92 G2C Stop/Start and SENT Adapter



CH-48027
Fuel Pressure Gauge

CH-48096
EVAP Service Access Port Tool

CH-48482
Fuel Sender Lock Ring Wrench



CH-50375
Diesel Injector Return Line Pressure
Adapter

CH-50377-A
Injector Return Line Cap

CH-50378
Injector Return Leakage Test Adapter



CH-50933
Gauge Assembly, Liquid Propane Gas
(LPG)

EL-26792
J-26792
Q HEI Spark Tester

EL-34730-405
J-34730-405
Injector Test Lamp




EL-36169-HD
Heavy Duty Fused Jumper

EL-38522-A
J-38522-A
Variable Signal Generator

EL-39021
J-39021
Fuel Injector Coil Balance Tester



EL-39021-460
J-39021-460
Fuel Injector Test Adapter

EL-43244
J-43244
Relay Puller Pliers

EL-44603
J-44603
Injector Test Lamp




EN-34730-91
J-34730-91
KM-J-34730-91
Pressure Tester

EN-36012-A
J-36012-A
Ignition System Diagnosis Harness

EN-37287
J-37287
Fuel Line Shut-off Adapters



EN-39021-210
J-39021-210
Injector Tester Adapter Box

EN-41413-311
J-41413-311
EVAP Plug

EN-41413-VLV
J-41413-VLV
EVAP Service Port Vent Fitting



EN-44602
J-44602
Injector Test Adapter

EN-45873-30
J-45873-30
Injector Flow Test Adapter

EN-46091
J-46091
Charge Air Cooler Tester



EN-46091-5
J-46091-5
Charge Air Cooler Tester Adapter

EN-46091-15
J-46091-15
Engine Pressure Test Adapter

EN-46091-15A
J-46091-15A
Diesel Engine Pressure Test Adapter




D.0.D. TESTER
EN-46999

uﬁm.,,?‘hoD

wo [
oo [
wo [

QO mozp-o-vmz )

EN-46999
Displacement On Demand Electric Tool

EN-46999-15
Active Fuel Management Tester Harness -
V6

EN-46999-20
Active Fuel Management Tester Harness -
Small Block V8



EN-47603
Compression Gauge Adapter

EN-47656-NA
Pressure Test Plugs

GE-23738-A
J-23738-A
Vacuum Pump



GE-41413-300
EN-41413-300
J-41413-300
EVAP Cap and Plug Kit

GE-41413-A
EN-41413-A
J-41413-A
Evaporative Emissions System Tester
(EEST)

GE-41413-SPT
J-41413-SPT
High Intensity White Light



GE-41415-50
J-41415-50
Fuel Tank Cap Adapter

GE-41415-60
Engine Induction System Leak Test
Adapter/Capless Fuel Fill Adapter

J-25070
Heat Gun 260-399°C (500-750°F)






SPECIAL TOOLS AND EQUIPMENT > SPECIAL TOOLS (MECHANICAL TOOLYS)

lllustration

Tool Number/Description

CH-41769
Fuel Line Disconnect Tool Set

CH-44581
J-44581
Fuel Line Disconnect Tool

CH-45004
Fuel Tank Drain Hose



CH-45722
J-45722
Fuel Sender Lock Ring Wrench

EN-48896
High Pressure Fuel Pump Installation
Alignment Gauge

EN-49248
Injector Rail Assembly Remover




J-39194
Oxygen Sensor Wrench



Service Manual: ENGINE CONTROLS AND FUEL - 3.6L
(LGX) - SPECIFICATIONS

SPECIFICATIONS > TEMPERATURE VERSUS RESISTANCE - ENGINE COOLANT
TEMPERATURE SENSOR

Temperature
150°C (302°F)
140°C (284°F)
130°C (266°F)
120°C (248°F)
110°C (230°F)
100°C (212°F)
90°C (194°F)
80°C (176°F)
70°C (158°F)
60°C (140°F)
50°C (122°F)
45°C (113°F)
40°C (104°F)

35°C (95°F)

30°C (86°F)
25°C (77°F)
20°C (68°F)
15°C (59°F)
10°C (50°F)
5°C (41°F)
0°C (32°F)

-5°C (23°F)
-10°C (14°F)

-15°C (5°F)

-20°C (-4°F)
-30°C (-22°F)
-40°C (-40°F)

Resistance

4710 49 Q
58 t0 62 Q
76 to 80 Q
9810 104 Q
130to0 136 Q
174 t0 182 Q
23710 247 Q
32710341 Q
45910 479 Q
656 to 686 Q
958 to 1002 Q
1167 to 1223 Q
1430 to 1500 Q
1763 to 1849 Q
2185t0 2295 Q
2725 to 2865 Q
3418 to 3604 Q
4318 to 4564 Q
5493 to 5823 Q
7041 to 7485 Q
9097 to 9701 Q
11844 to 12678 Q
15540 to 16700 Q
20559 to 22183 Q
27439 to 29725 Q
50264 to 54924 Q
95953 to 105777 Q



SPECIFICATIONS > TEMPERATURE VERSUS RESISTANCE - INTAKE AIR
TEMPERATURE SENSOR (HITACHI SENSOR)

Temperature Resistance Minimum Resistance Maximum
C°/F° Ohms Ohms

Hitachi Intake Air Temperature (IAT) Sensor

-40/-40 37, 527 49, 882
-20/-4 13, 110 16, 329
-10/14 8, 145 9, 851
0/32 5, 205 6, 122
20/68 2,298 2,570
25/77 1, 900 2,100
40/104 1,073 1, 226
60/140 537 639
80/176 289 356
100/212 165 210
120/248 99 129
140/284 62 83
150/302 49 67

SPECIFICATIONS > TEMPERATURE VERSUS RESISTANCE - INTAKE AIR
TEMPERATURE SENSOR (DELCO SENSOR)

Temperature Resistance Minimum Resistance Maximum
C°/IF° Ohms Ohms

Delco Intake Air Temperature (IAT) Sensor

-40/-40 42, 661 54, 224
-20/-4 14, 039 17, 333
-10/14 8, 529 10, 399
0/32 5, 358 6, 458
20/68 2,308 2,727
25/77 1,904 2,236

40/104 1, 113 1,292



60/140
80/176
100/212
120/248
140/284
150/302

571
309
175
103
67
54

655
351
197
116
73
59

SPECIFICATIONS > ALTITUDE VERSUS BAROMETRIC PRESSURE

Altitude Measured in
Meters (m)

Altitude Measured in
Feet (ft)

Barometric Pressure

Barometric Pressure

Measured in Kilopascals Measured in Pounds

(kPa)

Per Square Inch (PSI)

Determine your altitude by contacting a local weather station or by using another reference source.

4, 267
3, 962
3, 658
3, 353
3, 048
2,743
2,438
2,134
1, 829
1,524
1,219
914
610
305
0
-305

14, 000
13, 000
12, 000
11, 000
10, 000
9, 000
8, 000
7,000
6, 000
5, 000
4,000
3,000
2,000
1, 000
0 Sea Level

-1, 000

56-64
58-66
61-69
64-72
66-74
69-77
71-79
74-82
77-85
80-88
83-91
87-95
90-98

94-102
96-104
101-105

SPECIFICATIONS > IGNITION SYSTEM SPECIFICATIONS

Application

8.1-9.3

8.4-9.6
8.8-10.0
9.3-10.4
9.6-10.7
10.0-11.2
10.3-11.5
10.7-11.9
11.2-12.3
11.6-12.8
12.0-13.2
12.6-13.8
13.1-14.2
13.6-14.8
13.9-15.1
14.6-15.2

Specification



Firing Order 1-2-3-4-5-6

Spark Plug Torque Refer to Fastener Specifications
Spark Plug Gap Refer to Engine Mechanical Specifications
Spark Plug Type Refer to Electronic Parts Catalog

SPECIFICATIONS > FASTENER SPECIFICATIONS

Specification

Application Metric English
Accelerator Pedal Position Sensor Fastener 9 N.m 80 Ibin
Air Cleaner Outlet Duct Clamp 4 N.m 351bin
Air Cleaner Upper Cover Fastener 2.3 N.m 204 1bin
Camshaft Position Actuator Locating Pin Control Valve Bolt 10 N.m 891bin
Camshaft Position Actuator Solenoid Valve Bolt 10 N.m 891bin
Camshaft Position Sensor Bolt 10 N.m 89 Ibin
Chassis Control Module Fastener 7 N.m 62 Ibin
Crankshaft Position Sensor Bolt 10 N.m 891bin
Engine Control Module Bracket Bolt 7 N.m 62 Ibin
Engine Coolant Temperature Sensor 9 N.m 801Ibin
Evaporative Emission Canister Purge Solenoid Valve Bolt 10 N.m 89 Ibin
Fuel Feed Intermediate Pipe Fitting 30 N.m 22 Ib ft
Fuel Feed Pipe Bolt 10 N.m 89 1bin
Fuel Filter Fastener 9 N.m 80 Ibin
Fuel Injection Fuel Rail Fastener 25 N.m 18 Ib ft
Fuel Pipe Shield Bolt 9 N.m 80 Ibin
Fuel Pressure Sensor(Fuel Rail) 33 N.m 24 b ft
Fuel Pump Bolt 25 N.m 18 Ib ft
Fuel Pump Power Control Module Fastener 9 N.m 801Ibin
Fuel Tank Filler Pipe Bolt- Lower 9 N.m 80 1Ibin
Fuel Tank Filler Pipe Bolt- Upper 2.5N.m 22 bin
Fuel Tank Strap Bolt- Front 22 N.m 16 Ib ft

Fuel Tank Strap Bolt- Rear 27 N.m 20 Ib ft



Heated Oxygen Sensor

Ignition Coil Bolt

Knock Sensor Bolt

Manifold Absolute Pressure Sensor Fastener
Mass Airflow Sensor Bolt

Oil Pump Flow Control Solenoid Valve Bolt
Positive Crankcase Ventilation Tube Clamp
Spark Plug

Throttle Body Assembly Fastener

Valve Rocker Arm Qil Control Valve Bolt

42 N.m
10 N.m
25 N.m
4 N.m
25N.m
10 N.m
4 N.m
18 N.m
10 N.m

10 N.m

SPECIFICATIONS > APPROXIMATE FLUID CAPACITIES

Application

Fuel Tank Capacity

Metric

71.0 liters

31Ibft
89 Ibin
18 Ib ft
351bin
22 Ibin
89 Ibin
35Ibin
13 Ib ft
89 1Ibin
89 1bin

Specification

English

18.8 gallons

SPECIFICATIONS > ADHESIVES, FLUIDS, LUBRICANTS, AND SEALERS

Application

Anti-Seize Compound

Camshaft Gear Access Hole Plug

Coolant Temperature Sensor Threads

Dielectric Grease for Spark Plug Wires

Fuel Injection Fuel Rail Bolt

High Pressure Fuel Pump Bolt

Silicon Free Engine OiIl

Lubricant

Sealant

Sealant

Lubricant

Threadlocker

Threadlocker

5W-30

Type of Material

GM Part Number

GM P/N 88862477
(Canadian P/N 88862478)

GM P/N 12346004
(Canadian P/N 10953480)

GM P/N 12346004
(Canadian P/N 10953480)

GM P/N 19260901
(Canadian P/N 19260902)

GM P/N 12345382
(Canadian P/N 10953489)

GM P/N 12345382
(Canadian P/N 10953489)

GM P/N 19293000
(Canadian P/N 19386321)



GM P/N 1052626 (Canadian

Top Engine Cleaner Cleaner P/N 993026)



