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BCM-Switch Inputs-A/C Request

The scan tool displays On or Off. The BCM uses the A/C switch input in order to
determine if A/C compressor operation is being requested by the HVAC control
module.

PCM-A/C Off for WOT
The scan tool displays the high throttle disable of the a/c compressor.
PCM-A/C Off Due to Pressure

The scan tool displays the status of the a/c high side pressure sensor. The scan tool
displays Active/Inactive.

PCM-A/C Relay Command

The scan tool displays On or Off. On is displayed when the PCM has energized the A/C
clutch relay.

PCM-A/C Refrigerant Pressure

The scan tool displays 0-4000 kPa (0-580 psi). This parameter represents the A/C
refrigerant pressure sensor voltage signal converted to pressure.

PCM-A/C Refrigerant Pressure
The scan tool displays 0 to 5 volts. The output of the A/C refrigerant pressure sensor.
PCM-A/C Request

The scan tool displays Yes or No. Yes is displayed when the BCM 1s requesting A/C
system operation.

PCM-ECT

The scan tool displays a range of 40-151°C (40-304°F). The PCM applies 5 volts to the
ECT sensor circuit. The sensor 1s a thermistor which changes internal resistance as the
engine temperature changes. When the sensor is cold, internal resistance is high, the
PCM senses a high signal voltage and interprets the voltage as a cold engine. As the
sensor warms, internal resistance decreases, the voltage signal decreases, and the PCM
interprets the lower voltage as a warm engine.

PCM-Ignition 1 Signal




2006 Chevrolet Equinox LS

2006 HVAC HVAC Systems - Manual - Equinox & Torrent

The scan tool shows available voltage at the PCM.

DTC P0532 OR P0533

Circuit Description

The powertrain control module (PCM) monitors the high side refrigerant pressure through
the A/C refrigerant pressure sensor. The PCM supplies a 5-volt reference and a low
reference to the sensor. Changes in the A/C refrigerant pressure cause the A/C refrigerant
pressure sensor signal to the PCM to vary. When the pressure is high, the signal voltage is
high. When the pressure is low, the signal voltage 1s low. When pressure is high, the PCM
commands the cooling fans on. When pressure 1s too high or too low, the PCM will not
allow the A/C compressor clutch to engage.

DTC Descriptor
This diagnostic procedure supports the following DTCs:

e DTC P0532 Air Conditioning (A/C) Refrigerant Pressure Sensor Circuit Low Voltage
e DTC P0533 Air Conditioning (A/C) Refrigerant Pressure Sensor Circuit High Voltage

Conditions for Running the DTC

e The engine is running.
e The battery voltage is between 11-18 volts.

Conditions for Setting the DTC

e The PCM detects that the A/C pressure is less than 0 psi (0.01 volts).
e The PCM detects that the A/C pressure 1s more than 497 psi (4.94 volts).

Action Taken When the DTC Sets

e The PCM will not illuminate the malfunction indicator lamp (MIL).
e The PCM stores the Failure Records.
e The A/C compressor clutch is disabled.

Conditions for Clearing the DTC

e The history DTC will clear after 40 consecutive ignition cycles have occurred without a
malfunction.

e The DTC can be cleared by using the scan tool.
e The DTC will become history if the PCM no longer detects a failure.

Diagnostic Aids
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Does the DTC reset? Go to Step 2 | System OK

DTC P0645

Circuit Description

Ignition voltage is supplied directly to the A/C compressor clutch relay. The powertrain
control module (PCM) controls the relay by grounding the A/C clutch relay control circuit
via an internal solid state device called a driver. The primary function of the driver is to
supply the ground for the component being controlled. The driver has a fault line which 1s
monitored by the PCM. When the PCM is commanding a component ON, the voltage of the
control circuit should be near 0 volts. When the PCM 1s commanding the control circuit to a
component OFF, the voltage potential of the circuit should be near battery voltage. If the
fault detection circuit senses a voltage other than what 1s expected, a DTC will set.

The PCM will monitor the control circuit for the following:

e A short to ground

e A short to voltage

e An open circuit

e An open relay coil

e An internally shorted or excessively low resistance relay coil

When the PCM detects any of the above malfunctions, a DTC is set and the affected driver 1s
disabled.

DTC Descriptor

This diagnostic procedure supports the following DTC:

DTC P0645 Air Conditioning (A/C) Clutch Relay Control Circuit
Conditions for Running the DTC

e The ignition voltage is between 11.0-18.0 volts.
e The engine speed 1s less than 600 RPM.
e The PCM driver transitions from ON to OFF or from OFF to ON.

Conditions for Setting the DTC

The PCM detects an open on the control circuit of the A/C compressor clutch relay when
commanded off with the engine in crank or run status.

Action Taken When the DTC Sets
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e The PCM will not illuminate the malfunction indicator lamp (MIL).

e The PCM will store conditions which were present when the DTC set as Failure
Records data only. This information will not be stored as Freeze Frame data.

Conditions for Clearing the DTC

e A History DTC clears after 40 consecutive warm-up cycles have occurred without a
malfunction.

e The DTC can be cleared by using a scan tool.
e The DTC will become history if the PCM no longer detects a failure.

Diagnostic Aids

IMPORTANT: Be sure to verify that the PCM engine grounds are secure and
clean.

If DTC P0645 cannot be duplicated, reviewing the Failure Records vehicle millage since the
diagnostic test last failed may help determine how often the condition that caused the DTC
to set occurs. This may assist in diagnosing the condition.

If the condition is not present, refer to Testing for Intermittent Conditions and Poor
Connections in Wiring Systems.

Test Description
The numbers below refer to the step numbers on the diagnostic table.

2: Listen for an audible click when the A/C compressor clutch relay operates.
Command both the ON and OFF states. Repeat the commands as necessary.

3: Tests for voltage at the coil side of the A/C compressor clutch relay. The 10-amp
fuse supplies power to the coil side of the A/C compressor clutch relay.

4: Verifies that the engine control module 1s providing ground to the A/C compressor
clutch relay.

DTC P0645
Step Action Yes No

Schematic Reference: HVAC Schematics
Connector End View Reference: HVAC Connector End Views

Did you perform the Diagnostic System
Check - Vehicle? Go to

Diagnostic
System Check -

Vehicle in
Vehicle DTC
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Temperature Description and Operation.

e The following could cause window fogging:
o Wet carpet or mats
o High humidity
o Interior water leak
o Blocked A/C evaporator drain tube
o Maximum passenger capacity
o Blocked body pressure relief valves
e Inspect the air distribution system for causes of reduced air flow:
o Obstructed or dirty passenger compartment air filter, if equipped
o Blocked or damaged air inlet or outlet vents

Intermittent

Faulty electrical connections or wiring may be the cause of intermittent conditions. Refer to
Testing for Intermittent Conditions and Poor Connections in Wiring Systems.

Symptom List

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

e HVAC Compressor Clutch Does Not Engage
e HVAC Compressor Clutch Does Not Disengage
¢ Blower Motor Always On

¢ Blower Motor Inoperative

¢ Blower Motor Malfunction
¢ Too Hot in Vehicle

e Too Cold in Vehicle
¢ Air Delivery Improper

e Leak Testing in Heating, Ventilation and Air Conditioning

e Noise Diagnosis - HVAC Module in Heating, Ventilation and Air Conditioning

e Noise Diagnosis - Air Conditioning (A/C) System in Heating, Ventilation and Air
Conditioning

o Noise Diagnosis - Blower Motor in Heating, Ventilation and Air Conditioning

e Odor Diagnosis in Heating, Ventilation and Air Conditioning

HVAC COMPRESSOR CLUTCH DOES NOT ENGAGE

Diagnostic Aids
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The refrigerant temperature at the temperature sensor in the thermal expansion valve (TXV)

controls cycling of the compressor clutch to prevent freezing of the evaporator core. The
compressor 1s disabled when the temperature goes below 3°C (37°F) and vehicle speed 1s

greater than 5 mph (8 km/h). The compressor is enabled when the temperature exceeds 4°C

(40°F). The minimum cycling time OFF is 4 seconds. Refer to Air Temperature
Description and Operation for a voltage temperature value table of the evaporator
temperature sensor.

Test Description

The numbers below refer to the step numbers on the diagnostic table.

2: The A/C compressor relay output is disabled if the engine coolant temperature 1s
above 96°C (205°F).

3: Place the mode switch in any position except OFF, and place the air temperature
control switch in a cold setting. Use the bi-level mode for consistent testing of the A/C

system operation.

6: The HVAC control module 1s inoperative if the module does not respond to any
operator control requests.

23: The compressor 1s disabled when the evaporator temperature goes below 3°C (38°

F).

34: Check the connection by removing and securely reinstalling before replacement of

the HVAC control 1s considered.

HVAC Compressor Clutch Does Not Engage

Step Action Yes No

Schematic Reference: HVAC Schematics

Connector End View Reference: HVAC Connector End Views

DEFINITION: The A/C compressor clutch will not engage if an A/C request has been
made, and a powertrain DTC has not been set.

Did you perform the Diagnostic System Go to
Check - Vehicle? Diagnostic
1 System Check -
Vehicle in
Vehicle DTC
Go to Step 2 |Information
1. Install a scan tool.
2. Start the engine.
) 3. Observe the Electronic Temperature
Control (ETC) parameter in the
Engine Control Data General Info-
Inputs data list.
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AIR DELIVERY DESCRIPTION AND OPERATION
The air delivery description and operation is divided into 4 areas:

e HVAC control components
e Air speed

e Air delivery

e Recirculation operation

HVAC Control Components

HVAC Control Module

The HVAC control module is a non-class 2 device that interfaces between the operator and
the HVAC system to maintain air temperature and distribution settings. The battery positive
and 1gnition 3 voltage circuits provide power to the control module. The control module
supports the following features:

Air Delivery Description and Operation

Feature Availability
After Blow No
Purge No
Personalization No
Actuator Calibration Yes

Mode Actuators - Defrost, Panel and Floor

The mode actuators are 5-wire bi-directional electric motors that incorporate a feedback
potentiometer. Low reference, 5-volt reference, position signal, and 2 control circuits enable
the actuators to operate. The control circuits use either a 0 or 12-volt value to coordinate the
actuator movement. When the actuator 1s at rest, both control circuits have a value of 0 volts.
In order to move the actuator, the HVAC control module grounds one of the control circuits
while providing the other with 12 volts. The HVAC control module reverses the polarity of
the control circuits to move the actuator in the opposite direction. When the actuator shaft
rotates, the potentiometer's adjustable contact changes the door position signal between 0-5
volts.

The HVAC control module uses a range of 0-255 counts to index the actuator position. The
door position signal voltage is converted to a 0-255 count range. When the module sets a
commanded, or targeted, value, one of the control circuits 1s grounded. As the actuator shaft
rotates the changing position signal is sent to the module. Once the position signal and the
commanded value are the same, the module removes power from both control circuits.

Air Speed
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The HVAC control assembly applies ground to the blower motor control circuit that
corresponds to the selected blower speed. The resistors and the blower motor are in a series
circuit. The following list represents the number of resistors in series with the blower motor
per particular speed request:

e Low speed-3 resistors
e Medium 1 speed-2 resistors
e Medium 2 speed-1 resistor

When the operator requests High speed, the HVAC control assembly applies ground directly
to the blower motor through the high blower motor control circuit. The resistor card has a
fusible link which, if blown, will require that the card be replaced.

Air Delivery

The defrost, panel and floor actuators control air delivery. The HVAC control module
controls these actuators in order to distribute airflow to a desired outlet. When the vehicle
operator selects the defrost, mix-blend or floor positions, the A/C compressor clutch engages
and the recirculation actuator will be moved to the outside air position. The flow of air
during the various modes of operation is as follows:

e Panel-Instrument panel (I/P) outlets

e Bi-Level-I/P and floor outlets

e Floor-Floor outlets only

e Mix-Blend-Floor and defroster outlets with a slight bleed to the I/P outlets

e Defrost-Defrost outlets with a small amount of air to the side window defoggers

Recirculation Operation

The recirculation actuator 1s a 2-wire bi-directional electric motor. Two control circuits
enable the actuator to operate. The control circuits use either ground or a 12-volt value to
coordinate the actuator movement. The HVAC control assembly reverses the polarity of the
control circuits to move the actuator in the opposite direction. The recirculation operation
can function with blower motor in either the ON or OFF position. The A/C compressor
automatically comes on when recirculation 1s selected. recirculation is not available in
defrost, mix-blend or floor mode. The recirculation LED may still be ON while the air inlet
door is in the outside air position.

AIR TEMPERATURE DESCRIPTION AND OPERATION
The air temperature controls are divided into 4 areas:

e HVAC control components
e Heating and A/C operation
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e Engine coolant
e A/C cycle

HVAC CONTROL COMPONENTS

HVAC Control Module

The HVAC control module is a non-class 2 device that interfaces between the operator and
the HVAC system to maintain air temperature and distribution settings. The battery positive
and 1gnition 3 voltage circuits provide power to the control module. The control module
supports the following features:

Air Temperature Description and Operation

Feature Availability
After Blow No
Purge No
Personalization No
Actuator Calibration Yes
Air Temperature Actuator

The air temperature actuator are 5-wire bi-directional electric motors that incorporate a
feedback potentiometer. Low reference, 5-volt reference, position signal, and 2 control
circuits enable the actuator to operate. The control circuits use either a 0 or 12-volt value to
coordinate the actuator movement. When the actuator is at rest, both control circuits have a
value of 0 volts. In order to move the actuator, the HVAC control module grounds one of the
control circuits while providing the other with 12 volts. The HVAC control module reverses
the polarity of the control circuits to move the actuator in the opposite direction. When the
actuator shaft rotates, the potentiometer's adjustable contact changes the door position signal
between 0-5 volts.

The HVAC control module uses a range of 0-255 counts to index the actuator position. The
door position signal voltage is converted to a 0-255 count range. When the module sets a
commanded, or targeted, value, one of the control circuits 1s grounded. As the actuator shaft
rotates the changing position signal is sent to the module. Once the position signal and the
commanded value are the same, the module removes power from both control circuits.

A/C Refrigerant Pressure Sensor

The A/C refrigerant pressure sensor is a 3-wire piezoelectric pressure transducer. A 5-volt
reference, low reference, and signal circuits enable the sensor to operate. The A/C pressure
signal can be between 0-5 volts. When the A/C refrigerant pressure is low, the signal value is
near 0 volts. When the A/C refrigerant pressure 1s high, the signal value is near 5 volts.

The A/C refrigerant pressure sensor protects the A/C system from operating when an
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excessively high or low pressure condition exists. The powertrain control module (PCM) or
engine control module (ECM) disables the compressor clutch under the following
conditions:

e The A/C high side pressure is more than 2 929 kPa (425 psi).

e The clutch will be enabled after the high side pressure decreases to less than 1 376 kPa
(200 psi).
e A/C low side pressure is less than 269 kPa (39 psi).

e The clutch will be enabled or will allow engagement again after the low side pressure
increases to more than 296 kPa (43 psi).

Evaporator Low Ambient Protection

The refrigerant temperature at the temperature sensor in the thermal expansion valve (TXV)
controls cycling of the compressor clutch to prevent freezing of the evaporator core. The
compressor 1s disabled when the temperature goes below 3°C (37°F) and vehicle speed is
greater than 8 km/h (5 mph). The compressor is enabled when the temperature exceeds 4°C
(40°F). The minimum cycling time off 1s 4 seconds. For purposes of converting a voltage to
a temperature value in the diagnosis of the temperature sensor located within the TXV at the
inlet outlet of the evaporator the following conversion chart has been inputted. The
evaporator temperature sensor is an input to the body control module (BCM).

Air Temperature Description and Operation

TEMP (°C/°F) MIN/MAX (BCM) Voltage
-2/28 2.80/2.90
-1/30 2.73/2.83
0/32 2.66/2.76
1/34 2.59/2.69
2/36 2.52/2.62
3/38 2.45/2.55
4/40 2.38/2.48
6/42 2.31/2.41
7/44 2.25/2.35
24/75 1.34/1.37

SET POINT
-40/-40 OPEN (4.85)
81/178 SHORT (0.122)

Heating and A/C Operation

The purpose of the heating and A/C system is to provide heated and cooled air to the interior
of the vehicle. The A/C system will also remove humidity from the interior and reduce
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windshield fogging. The vehicle operator can determine the passenger compartment
temperature by adjusting the air temperature control. Regardless of the temperature setting,
the following can effect the rate that the HVAC system can achieve the desired temperature:

e Recirculation

e Difference between inside and desired temperature

e Difference between ambient and desired temperature
e Blower motor speed setting

e Mode setting

The vehicle operator can activate the A/C system by pressing the A/C switch. The A/C
system can operate regardless of the temperature setting.

The powertrain control module (PCM) or engine control module (ECM) will operate the A/C
system automatically in FRONT DEFROST mode to help reduce moisture inside the
vehicle. The A/C LED will not illuminate unless the driver presses the A/C request switch on
the HVAC control module. The A/C system maybe running without the A/C LED indicator
illuminated when in FRONT DEFROST mode. The HVAC system uses a compressor that
incorporates a thermal switch that opens once the compressor temperature exceeds 211-217°
C (380-454°F) creating an open circuit. The following conditions must be met in order for
the PCM/ECM to turn on the compressor clutch:

e BCM
o Battery voltage between 11-16 volts
o A/C request from the HVAC control module
e PCM/ECM
o Engine coolant temperature (ECT) is greater than 117°C (243°F).
o Engine speed is less than 4,760 RPM.
o A/C pressure is between 2,929-2,706 kPa (425-39 psi).

Once engaged, the compressor clutch will be disengaged for the following conditions:

e Throttle position is 100 percent

e A/C pressure is more than 2,929 kPa (425 psi).
e A/C pressure is less than 269 kPa (39 psi).

e ECT is more than 120°C (248°F).

e Engine speed is more than 6240 RPM.

e Transmission shift

e PCM/ECM detects excessive torque load.

e PCM/ECM detects insufficient idle quality.




2006 Chevrolet Equinox LS

2006 HVAC HVAC Systems - Manual - Equinox & Torrent

e PCM/ECM detects a hard launch condition.

When the compressor clutch disengages, the compressor clutch diode protects the electrical
system from a voltage spike.

Engine Coolant

Engine coolant is the key element of the heating system. The thermostat controls engine
operating coolant temperature. The thermostat also creates a restriction for the cooling
system that promotes a positive coolant flow and helps prevent cavitation. Coolant enters the
heater core through the inlet heater hose, in a pressurized state.

The heater core is located inside the HVAC module. The heat of the coolant flowing through
the heater core is absorbed by the ambient air drawn through the HVAC module. Heated air
1s distributed to the passenger compartment, through the HVAC module, for passenger
comfort.

The amount of heat delivered to the passenger compartment is controlled by opening or
closing the HVAC module air temperature door. The coolant exits the heater core through
the return heater hose and recirculated back through the engine cooling system.

A/C Cycle

Refrigerant is the key element in an air conditioning system. R-134a 1s presently the only
EPA approved refrigerant for automotive use. R-134a is a very low temperature gas that can
transfer the undesirable heat and moisture from the passenger compartment to the outside air.

The compressor is a variable displacement scroll type pump. The compressor uses a control
valve to vary its displacement from 6.5 percent (9cc) to 100 percent (105cc). The A/C
compressor is belt driven and operates when the magnetic clutch is engaged. A thermal
protection switch is incorporated into the compressor. If the temperature exceeds 211-217°C
(380-454°F), the switch will open creating an open circuit. The compressor builds pressure
on the vapor refrigerant. Compressing the refrigerant also adds heat to the refrigerant. The
refrigerant is discharged from the compressor, through the discharge hose, and forced to
flow to the condenser and then through the balance of the A/C system. The A/C system is
mechanically protected with the use of a high pressure relief valve located in the compressor
hose assembly block. This valve will open at 3965-3375 kPa (575-490 pst), and reset at 2930
kPa (425 psi). If this valve ever opens the a/c system must be serviced and the valve must be
replaced.

Compressed refrigerant enters the condenser in a high temperature, high pressure vapor state.
As the refrigerant flows through the condenser, the heat of the refrigerant 1s transferred to the
ambient air passing through the condenser. Cooling the refrigerant causes the refrigerant to
condense and change from a vapor to a liquid state.
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The condenser is located in front of the radiator for maximum heat transfer. The condenser is
made of aluminum tubing and aluminum cooling fins, which allows rapid heat transfer for
the refrigerant. The semi-cooled liquid refrigerant exits the condenser and flows through the
liquid line, to the thermal expansion valve (TXV).

The thermal expansion valve (TXV) is located at the evaporator inlet and outlet pipes. The
TXV is the dividing point for the high and the low pressure sides of the A/C system. As the
refrigerant passes through the TXV, the pressure on the refrigerant 1s lowered. Due to the
pressure differential on the liquid refrigerant, the refrigerant will begin to boil at the TXV.
The TXV also meters the amount of liquid refrigerant that can flow into the evaporator.

Refrigerant exiting the TXV flows into the evaporator core in a low pressure, liquid state.
Ambient air is drawn through the HVAC module and passes through the evaporator core.
Warm and moist air will cause the liquid refrigerant to boil inside of the evaporator core.
The boiling refrigerant absorbs heat from the ambient air and draws moisture onto the
evaporator. The refrigerant exits the evaporator through the suction line and back to the
compressor, in a vapor state, and completing the A/C cycle of heat removal. At the
compressor, the refrigerant is compressed again and the cycle of heat removal is repeated.

The conditioned air is distributed through the HVAC module for passenger comfort. The
heat and moisture removed from the passenger compartment will also change form, or
condense, and is discharged from the HVAC module as water.

SPECIAL TOOLS AND EQUIPMENT
SPECIAL TOOLS

Special Tools

Ilustration Tool Number/Description

143600
ACR2000 Air Conditioning Service
Center







