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AUTOMATIC AIR CONDITIONER

FORWARD

Because the field of automotive service is an ever-advancing and demanding profession, Mazda Motor
Corporation has prepared this Automotive Training Manual (ATM) series to help its technicians, new and
experienced, attain a higher degree of technical skills.

Thus, as you progress through the three-step Mazda Technician Certificate of Honor (MATCH) program,
use these textbooks and related materials to their fullest for your advancement, Mazda s advancement, and
improve customer satisfaction.

The objectives and points of training set out in this ATM are as shown below.

Objective
To teach the basic construction, control, and operation of the auto air conditioner system.

Points of training

After studying this textbook, the trainee should have a full understanding of the following. He should also
be able to perform related inspections and repairs based on this understanding when the appropriate
workshop manual is used.

Auto air conditioner types

Auto air conditioner major components
Auto air conditioner control systems
Troubleshooting
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AUTOMATIC AIR CONDITIONER

OUTLINE

AIR CONDITIONER PRINCIPALS
To create a pleasant climate within the passenger compartment, it is necessary not only to operate the air
conditioner and heater, but also to control airflow temperature, airflow volume, airflow mode, air intake
mode, and ON/OFF of the A/C compressor, all in accordance with the passenger compartment's
environment.
Furthermore, because of variations in the passenger compartment's environment, we must continuously
control these systems. This is not an easy task. These controls depend on how the passenger feels.
This feeling is not outside air temperature, but the temperature which is felt by the passenger. For
example, the passenger does not immediately become aware of high temperature, even if outside air
temperature rises. However, when high temperature finally makes the passenger hot, he will turn the air
conditioner to its most powerful setting. In short, whenever the passenger feels uncomfortable, he
controls air conditioner.
The system just described is for a manually—-controlled air conditioner. On the other hand, an auto air
conditioner can avoid troublesome control and can make the passenger compartment comfortable.

For an auto air conditioning system : the sensors take the place of our feeling, and detect the air
temperature ; the A/C amplifier takes the place of our brain, and controis the system operation; the actually
takes the place of our hands, and adjusts the power. By way of these passenger compartment
temperature sensors, we can avoid manual control. Other than this, we can also install ambient
temperature sensor, solar radiation sensor, and water temperature sensor. These systems can sense a
change of temperature, and they adjust the temperature before we even start to feel uncomfortable.
Because of this, we can maintain a comfortable temperature in the passenger compartment.

TYPE INPUT CONTROL OUTPUT
BODY TEMPERATURE BRAIN HAND

B

MANUAL AIR
CONDITIONER

—
=D==.

[x]

SENSOR A/C AMPLIFIER ACTUATOR etc.

AUTO AIR
CONDITIONER




AUTOMATIC AIR CONDITIONER

TYPES OF FULL-AUTO AIR CONDITIONER
Auto air conditioners can be classified roughly into semi—auto air conditioner and full-auto air conditioner.
Throughout this manual, we will base explanations on the full-auto air conditioner, since the full-auto air
conditioner covers all areas.

AUTOMATIC CONTROL FULL-AUTO AIR CONDITIONER SEMI-AUTO AIR CONDITIONER
AIRFLOW TEMPERATURE
AIRFLOW VOLUME
AIRFLOW MODE
AIR INTAKE
A/C COMPRESSOR

O|0|10]|0(O
X | x| x|O|O

COMPONENTS OF FULL-AUTO AIR CONDITIONER
The components of full-auto air conditioner are as follows.

SOLAR RADIATION SENSOR

AMBIENT TEMPERATURE SENSOR

AIRFLOW MODE ACTUATOR AIR INTAKE ACTUATOR

A/C AMPLIFIER

POWER TRANSISTOR

MAX-HI RELAY

AIR MIX ACTUATOR
HEATER CONTROL UNIT
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SEQUENCE FLOW OF AUTO AIR CONDITIONER
The sequence flow chart of the full-auto air conditioner's inputs, controls, and outputs are as follows.
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AUTOMATIC AIR CONDITIONER

MAJOR COMPONENTS

Let's look at the structure and operation of the main components of the full-auto air conditioner.

POWER TRANSISTOR
The power transistor can control huge electrical power, and plays a main role in blower motor speed
control.
The power transistor is an amplifier which can draw a strong electric current (collector/emitter current) from
weak electric current (base current). This is a semi—conductor which changes the electrical current
between collector and emitter, based on the size of the base current.
The power transistor is connected to the blower motor circuit as shown in the below illustration.
According to the base current, the electric current of the blower motor circuit is adjusted for control of lower
motor rotary speed.
When current flows, the power transistor will become hot. To avoid this, radiator fins are installed at the
outlet of the blower unit to cool it down.

A/C AMPLIFIER
FEEDBACK

BLOWER MOTOR ]

FIN

TARGET
VOLTAGE Lagy

POWER N
TRANSISTOR [emiTTER

JUDGMENT

POWER TRANSISTOR D{

MAX-HI RELAY
The power transistor can not, by itself, obtain maximum blower motor speed. This is because it must
naturally succumb to a drop in potential efficiency. Therefore, we need to make a by—pass circuit. This
is done by using the Max-hi relay with the power transistor, in order to obtain maximum blower motor
speed.

] i
ﬁi L—J“— l—f—j ¢ | MAX-HI RELAY
-

MAX-HI RELAY Ic —5,
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SOLAR RADIATION SENSOR
The solar radiation sensor senses sunlight intensity by way of a photo diode. A photo diode is
connected to the A/C ampilifier. It can change the power of electric current in accordance with the sun's
rays. The solar radiation sensor, which simply acts as a variable resister, is connected in line which
another resister that is within the A/C amplifier. The A/C amplifier constantly looks at the voltage
between the solar radiation sensor and the resister, and observes any changes. Of course, because
these voltage changes are very slight, a bias system (constant voltage) is added to amplify that voltage

for the purpose of easy detection. The solar radiation sensor is installed on the instrument panel, and
is covered by a cover to cut the visible radiation.
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PASSENGER COMPARTMENT TEMPERATURE SENSOR
The passenger compartment temperature sensor is a sensor that detects temperature by way of a
thermister. Like the solar radiation sensor, it is connected in line with another resistor that is within the
A/C amplifier, and must have the voltage magnified by a bias system.
The passenger compartment temperature sensor cannot, by itself, perceive average temperature
because the sensor is installed in the lower part of the instrument panel. Therefore, it "breathes" air
inside the passenger compartment by using an aspirator, and thus perceives average temperature.

PASSENGER COMPARTMENT
TEMPERATURE SENSOR C

‘ EVAPORATOR

PASSENGER COMPARTMENT ASPIRATOR
TEMPERATURE SENSOR

1

—

'—‘N\N‘J A/C AMPLIFIER
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AMBIENT TEMPERATURE SENSOR
The ambient temperature sensor is a thermister that functions in basically the same way as the passenger
compartment temperature sensor. It is installed in the front of the vehicle to avoid influence of heat
coming from the drive train. However, it can not perceive the correct outside air temperature because of
several factors, such as driving condition, wind, and so on, without modification. Therefore, the ambient
temperature sensor is equipped with a cover to delay the rate of reaction.
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WATER TEMPERATURE SENSOR
The water temperature sensor is a thermister that detects the heater core's temperature.
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AIR INTAKE ACTUATOR
The air intake actuator opens and closes the air intake door by way of a motor, in accordance with signals
from the A/C ampilifier.
The air intake door is controlled by the actuator movement ( operating time and direction), by a sliding
contact, to position the door at the RECIRCULATE, 1/3 FRESH, and FRESH position. ( Some models
have RECIRCULATE and FRESH only.) As shown below, this consists of 3 sliding contacts and sliding
bars which slide along the sliding contact. These 3 contacts differ in length.
The A/C amplifier grounds the electrical terminal that corresponds to the selected mode and its target
position. A mode and its respective position is released when the A/C amplifier releases the ground point.
Therefore, either common 1 or 2 is grounded through the sliding contact, and the common detection
voltage will change from 5V to 0 V. If either detection voltage of common 1 or 2 becomes 0 V, the A/C
amplifier will decide the voltage polarity and operate the actuator. The motor turns, and the interlocking
sliding contact will turn OFF.  Accordingly, the detected voltage of either common 1 or 2 will be 5 V, and
A/C amplifier will stop supplying voltage. Then the air intake door will be stopped at the target standing
position.

RECIRCULATE A/C AMPLIFIER
1/3 FRESH SLIDING RANGE —

% [ COMMON 1

L% o 1o T+ COMMON 2
%_ 1 ot o<}— RECIRCULATE

SR g - FRESH &) w<}—'1:/:Ef;RHESH

\".l/éjfl%j%/ IC
5 5 AIR INTAKE ACTUATOR SLIDING CONTACT
AIR MIX ACTUATOR

According to the signal from A/C amplifier, the air mix actuator opens and closes the air mix door by way of
the motor. The air mix actuator has a built-in potentiometer that moves in tandem with the motor. In
this way, the position of the air mix door is electrically detected by the A/C amplifier. When the A/C
amplifier operates the air mix actuator, it must also decide the direction in which the motor should turn.
The A/C amplifier makes the decision by comparing the present feedback voltage with the target—position
voltage, and then by determining whether the target-position voltage is more or less than the present
feedback voltage. When the present feedback voltage reaches target-position voltage, voltage supply
to the motor will be stopped.
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AIRFLOW MODE ACTUATOR
According to the signal from A/C ampilifier, the airflow mode actuator opens and close the mode door by
way of the motor.
There are two types of airflow mode actuator. They are the "Sliding contact" type (refer to "Air Intake
Actuator") and the "Potentiometer" type (refer to "Air Mix Actuator").

VENT

/
> SLIDING RANGE A"f AMPLIFIER

19 - % [

O = COMMON 1
COMMON 2
AIRFLOW MODE ACTUATOR I o<}VENT

[ } o<—{BI-LEVEL

] o<} HEAT
<}—{HEAT/DEF
«}—DEFROSTER

IC

o)
1O

DEFROSTER

[
L]

NoHoRoH

SLIDING CONTACT
AIRFLOW MODE ACTUATOR

AIRFLOW MoDE SHIDING RANGE A/C AMPLIFIER
ACTUATOR
% I @ [»;_—g
Q
.......... E§\: T
A \ POTENTIOMETER
INPUT |
1
[ TSLIDING CONTACT
VARIABLE RANGE
BETWEEN POTENTIOMETER, BETWEEN POTENTIOMETER
AND GROUND AND POWER SOURCE
g Bo———————— 1 g 52
w 4if———————— w41
(@) | { %
Z 3.0t—————= | < 3.0
- | | =
N 1.9-——-— Lo 919
) | } i @
£ 0.8/— Ly ) o8
IR L
VENT | HEAT VENT | HEAT
BI-LEVEL \ DEFROSTER BI-LEVEL/
HEAT/DEF HEAT/DEF
AIRFLOW MODE DEFROSTER




AUTOMATIC AIR CONDITIONER

HEATER CONTROL UNIT
The heater control unit informs the user's request to the A/C amplifier, and then the operating condition of
the A/C ampilifier will be indicated by the indicator light and/or information display.

@® AUTO SWITCH All controls, Automatic starting and operation
® OFF SWITCH Fan stop
® TEMPERATURE SETTING SWITCH Adjustment of the temperature setting
@ REC/FRESH SWITCH Switches the AIR INTAKE MODE
® FAN SWITCH Switches the AIR FLOW VOLUME
® MODE SWITCH Switches the AIR FLOW MODE
@ A/C SWITCH Switches the A/C MODE
DEFROSTER SWITCH Selects the DEFROSTER MODE
A/C AMPLIFIER

The A/C amplifier controls each actuator in accordance with the output signal that is based on operation
signals and several other kinds of sensor signals coming from the heater control unit. It also sends an
indication signal, which meets the control condition, to heater control unit. Information interchange
between the A/C amplifier and the heater control unit is conducted by serial communication.

HEATER CONTROL UNIT

A/C AMPLIFIER

10



AUTOMATIC AIR CONDITIONER

Serial Communication
Manual air conditioner operation is maintained at a constant setting. Therefore, the number of switch
signals for the heater control is the same as for the A/C amplifier. Furthermore, the indicator light is
turned on by the switch, so it does not need the indicator light.

AIR INTAKE ACTUATOR :TB

L D
o N
| s
e -
LIGHT #q HEATER CONTROL UNIT
EMISSION | '\é}_é.
‘L ﬁ—@
> C

On the other hand, the auto air conditioner does not operate at a constant fixed setting. Therefore, it is
necessary to set the same number of switches and indicator lights as there are signal lines between the
heater control unit and A/C amplifier. Furthermore, if there is an information display, each segment
needs its own signal conductors, making the total number of required signals very large.

LiGHT DISPLAY-SIGNAL LINE
EMISSIQN <= BASE CURRENT

=0 meld [A] ]
‘ e L] A Q@

T / T
e/ ©
oy mion VL £ AIR INTAKE

— | ACTUATOR
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HEATELF} CONTRO'— CONTROL-SIGNAL LINE

As for the Full Auto Air Conditioner, to prevent increasing the number of signal conductors, information
interchange is done between the heater control unit and A/C amplifier by serial communication. Normally,
to turn on each light, each signal conductor is needed. However, serial communication can be used to
send plural signals. Therefore, we can reduce the number of signal conductors.
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Serial communication is mainly used between the A/C amplifier and the information display. All display
signals can be sent by only 4 signal conductors.

A/C amplifier Heatercontrolunit | —— Indicgtes the beginning of gommunication from A/C
oK (Information display) INT 4 |amplifier to heater control unit.
— Sets a time basis for the clock signal from A/C
Sl SCK |amplifier to heater control unit in order to send pluralr
messages through only one line.
“so _ Indicates the switch operating condition of heater
SO control unit to A/C amplifier.
INT4
- Indicates the output control condition of A/C amplifier]
Si to heater control unit.

As for the communication, there are the following 2 modes. The A/C amplifier makes a decision as to
which mode should be used, and sends its decision to the heater control unit by way of the Sl signal.
Switch Signal Transfer Mode
Indicator Signal Transfer Mode

Switch Signal Transmit Mode

During switch operation, clock signals, are SCK' signals, or continuously sent from the A/C amplifier to the
heater control unit. Each SCK signal lasts for the same period of time. When a switch in the Heater
Control Unit is pressed, a corresponding SO signal is selected and is sent to the A/C amplifier in the
same cycle with the SCK signal. In this way, the A/C amplifier can understand the meaning of the
incoming SO signal by gauging the SO signal's pattern against the SCK signal which is being sent at
exactly at the same time. This transmission method has the advantage of being able to relay any signal
combination with the use of only two wires.

T
[l
R 2 =&
INT4 5V i

Indicator Signal Transfer Mode
It is necessary for the display to correspond to the present operating condition of the A/C amplifier. Each
indicator of the heater control unit and each segment of the information display are decided by individual
Sl signals sent in accordance with SCK signals. Therefore, A/C amplifier sends Si signals that are
synchronized with SCK signals. Same as above, this transmission method has the advantage of being
able to relay any signal combination with the use of only two wires.

OFFTO CTJON OFF("*)

oy
SCK OV—— SRR NENEEN —

iNTZ SV A
ov l
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CONTROL SYSTEM

OUTLINE

The main function of the auto air conditioner is to maintain a constant temperature inside the passenger
Based on set temperature, the A/C amplifier decides the target temperature in
accordance with outside temperature and suniight intensity. Target temperature will be changed in

compartment.

accordance with several circumstances to meet set temperature.

TYPES OF CONTROLS
Control items of Auto Air Conditioner is as follows.
Basic control Control description Correction
Airflow temperature control  [Airflow temperature automatic (® Passenger compartment temperature correction
control ®  Airintake correction
® A/C correction
® MAXHOT & MAX COLD correction
® Air mix actuator opening angle correction
@ Fail-safe function
Airflow volume control Airflow volume automatic ® Coolant temperature correction
control (warm-up correction)
® Mild start correction
® MAXHOT & MAX COLD correction
© Window frost prevention correction
@ VENT correction
®  Start compensation correction
® Defroster correction
@  Rush current prevention correction
Airflow volume manual control |®  Defroster correction
Airflow mode control Airflow mode automatic control |®  Coolant temperature correction
® Fail-safe function
Airflow mode manual control  |®  Fail-safe function
Air intake control Air intake automatic control ® MAX COLD correction
®  Window frost prevention correction
® Defroster correction
Air intake manual control ® Defroster correction
A/C compressor control AJ/C compressor automatic ® Defroster correction
control ® Ambient temperature correction
A/C compressor manual
control
Idle—up control A/C compressor idle-up
control S
Electrical load idle—up control
Supplementary function

Sensor fail-safe function

Sensor signal delay function

Self diagnosis function

13




AUTOMATIC AIR CONDITIONER

SWITCHES AND THEIR OPERATION
The control and operation of each switch are described as follows.

\W hed) [Airflow temperature| A/C compressor control
control
Swiich Automatic control Automatic control Manual control
AUTO switch AUTO AUTO AUTO
OFF switch AUTO OFF OFF
OFF Condition |OFF Condition
Switch — before OFF|Switch —  before OFF
Fan switch AUTO ON switch ON |ON switch ON
No other change No other change
Fan OFF: OFF — OFF |Fan OFF:OFF — OFF
Fan ON:A/C — ECON|Fan ON:A/C — ECON
A/C switch AUTO OFF — A/C ECON — A/C
OFF — AC
*1 Condition |*1 Condition
Defroster —  before Defroster —  before
MODE switch AUTO Correction defroster |Correction defroster
correction correction
No other change No other change
*1 Defroster |*1 Defroster
AUTO — correctionManual — correction ON
DEFROSTER switch AUTO ON
Defroster — Condition
Defroster — Condition |correction ON  before
correction ON  before defroster
defroster correction ON
correction
ON
REC/FRESH switch AUTO No change No change
Temperature | 18.0°C {65°F} MAX COLD AUTO
Setting 18.5°C {66°F} AUTO AUTO ~No change
dial -31.5°C {89°F}
32.0°C {90°F} MAX HOT AUTO

*1 Defroster Correction : Refer to page 18
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AUTOMATIC AIR CONDITIONER

32.0°C {90°F}

Control (before switched) Air Intake control
Automatic control Manual control
Switch
AUTO switch AUTO AUTO
OFF switch FRESH No change
Fan switch AUTO No change
A/C switch A/CON:AUTO No change
A/C OFF: AUTO — FRESH
*1 *1
Defroster correction — condition before |Defroster correction — condition before
MODE switch ON defroster ON defroster
correction ON correction ON
No other change No other change
*1 *1
AUTO — Defroster correction ON |Manual — Defroster correction ON
DEFROSTER switch
Defroster — Condition before Defroster — Condition before
correction ON  defroster correction ON  defroster
correction ON correction ON
REC/FRESH switch FRESH — RECIRCULATE |FRESH —  RECIRCULATE
1/3 FRESH RECIRCULATE — FRESH
RECIRCULATE — FRESH
Temperature | 18.0°C {65°F}
Setting 18.5°C {66°F} AUTO No change
dial -31.5°C {89°F}

*1 Defroster Correction : Refer to page 18
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Control(before switched)

Airflow volume control

Automatic controi Manual control
Switch
AUTO switch AUTO AUTO
OFF switch OFF OFF
Fan switch OFF — Speed
Speed 1 — Speed 2
Speed 1 Speed 2 — Speed 3
Speed 3 — Speed 4
Speed 4 — Speed 1
AJ/C switch AUTO No change
*1 *1
Defroster correction — condition before |Defroster correction — condition before
MODE switch ON defroster ON defroster
correction ON correction ON
No other change No other change
*q *q
AUTO — Defroster correction ON |Manual — Defroster correction ON
DEFROSTER switch
Defroster — Condition before Defroster — Condition before
correction ON  defroster correction ON  defroster
correction ON correction ON
REC/FRESH switch No change No change
Temperature | 18.0°C {65°F} MAX-HiI fixed
Setting 18.5°C {66°F} AUTO No change
dial -315°C {89°F}
32.0°C {90°F} AUTO-H]I fixed

*1 Defroster Correction : Refer to page 18
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Control(before switched)

Airflow mode control

Automatic control

Manual control

Switch
AUTO switch AUTO AUTO
OFF switch AUTO *1
DEFROSTER —  Condition before
DEFROSTER ON
No other change
Fan switch AUTO No change
A/C switch AUTO No change
VENT — BI-LEVEL VENT — BI-LEVEL
BI-LEVEL — HEAT BI-LEVEL — HEAT
MODE switch HEAT — HEAT/DEF HEAT — HEAT/DEF
HEAT/DEF — VENT HEAT/DEF — VENT
DEFROSTER — HEAT DEFROSTER — HEAT
*1
DEFROSTER Manual — DEFROSTER
DEFROSTER switch DEFROSTER — Condition before
DEFROSTER ON
REC/FRESH switch No change No change
Temperature | 18.0°C {65°F}
Setting 18.5°C {66°F} AUTO No change

dial -31.5°C {89°F}
32.0°C {90°F}

*1 Defroster Correction : Refer to page 18
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AUTOMATIC AIR CONDITIONER

Defroster Correction
BEFORE | cm—
DEFROSTER COHRECTrg DEFROSTER CORRECTION 3
DEFROSTER
OFF SWITCH ON *3 OFF SWITCH ON SWITCHON
s REC/FRESH
DEFROSTER SWITCH ON
SWITCH ON *4
FAN OFF : DEFROSTER [ACSON DEFROSTER
CORRECTION [Fxsw on | CORRECTION
DEFROSTER
SWITCH ON
' * DEFROSTER  [*1,*2
SWITCH ON MODE SWITCH ON
FAN ON
T
*1, %2, %3
MODE SWITCH ON
*1 | MODE [HEAT
*2 FAN __ |AUTO (FAN OFF BEFORE DEFROSTER CORRECTION)
*3 - MANUAL OPERATION SET AT MANUAL DURING DEFROSTER CORRECTION
*4|  MODE |DEFROSTER
FAN _ |AUTO VOLTAGE + 2V
AIR INTAKE |[FRESH
A/C A/C MODE

18




AUTOMATIC AIR CONDITIONER

AIRFLOW TEMPERATURE CONTROL

The A/C amplifier constantly controls airflow temperature by way of air mix actuator.

AIR MIX
- ACTUATOR
®  SET TEMPERATURE
e AMBIENT TEMPERATURE
®  SUNLIGHT INTENSITY ACTUATED
®© PASSENGER A/C AMPLIFIER SUTeUT AIR MIX DOORS
?g&”;é:;%?g SIGNALS, |COMPARISON > OPERATION |AIRFLOW
» COMPUTATION |FEEDBACK »TEMPERATURE
® AIRFLOW MODE ~ AIR MIX CHANGES
e AC DOOR
COMPRESSOR POSITION
CONTROL CONDITION | DETECTED

Airflow Temperature Automatic Control
The A/C ampilifier selects the air mix actuator's basic opening angle, which is primarily based on ambient
temperature, depending on set temperature, sunlight intensity, and airflow mode. The air mix actuator

opening angle is decided by comparing the characteristics of the ambient temperature and the outside
temperature.

LOW SUNLIGHT INTENSITY
(HOT

AIR MIX ACTUATOR OPENING ANGLE
CHARACTERISTIC

A/C COMPRESSOR ON MODE
(A/C MODE)

A/C COMPRESSOR ON MODE
(ECON MODE)

HIGH SUNLIGHT INTENSITY

AIR MIX ACTUATOR
OPENING BASIC
ANGLE (%)

A/C COMPRESSOR OFF MODE

(coLD)

(LOW) , (HIGH)
AMBIENT TEMPERATURE °C {°F}

HEAT MODE
VENT MODE

N
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AUTOMATIC AIR CONDITIONER

Correction

Passenger compartment temperature correction
Sometimes there may be a difference in target temperature and passenger compartment temperature.
In this case, it is necessary to return to target temperature as quickly as possible. In order to do this, a
correction is made within the A/C amplifier based on the temperature difference, and the air mix actuator

opening angle is adjusted accordingly.

HOT
- 0 + TARGET TEMPERATURE —
PASSENGER COMPARTMENT
TEMPERATURE
CHANGES LINEARLY COLD
RELATIVE TO AMBIENT
TEMPERATURE

Air intake correction
Sometimes when the A/C compressor is OFF mode , the intake mode is switched from "outside air

intake" to "inside air recirculate”. In order to prevent the temperature from rising, it is necessary to
adjust the air mix actuator opening angle based on the minus correction and also according to the
difference between target temperature and passenger compartment temperature.  Furthermore, to
avoid a sudden decrease in airflow temperature, the correction timing is delayed.

AIR INTAKE CORRECTION
RECIRCULATE
AIR INTAKE MODE
FRESH FRESH
AIR INTAKE :
CORRECTION '
AMOUNT (%)
TIME
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AUTOMATIC AIR CONDITIONER

A/C correction
When the A/C compressor switches to each mode (A/C mode, Econ mode, and OFF mode) , it is
necessary to adjust the air mix actuator opening angle accordingly to prevent airflow temperature from
changing ( Please refer to page 18). When the air mix actuator opening angle switches from A/C mode
or Econ mode to OFF mode, the temperature may fall. Therefore, it delay correction timing to prevent
falling in Airflow temperature.

A/C COMPRESSOR _ON __ON
OFF

HOT | !

A/C CORRECTION
AMOUNT (%)

COLD

TIME

MAX HOT & MAX COLD correction
If temperature is set to 32°C(90°F), air mix actuator opening angle will be fully open (MAX HOT 100%).
On the other hand, if temperature is set to 18°C(65°F), the air mix actuator will be completely closed (MAX
COLD 0 %).

Air mix actuator opening angle correction
If airflow mode is operated to VENT or BI-LEVEL manually during heater operation, to prevent hot air
from blowing into the passenger's face or body directly, the maximum opening angle of the air mix actuator
is decided. However, at the MAX HOT correction, this control is released.

Fail —safe function
If the air mix actuator Potentiometer malfunctions, the air mix actuator opening angle is fixed to MAX HOT.
This fail-safe function will be released immediately after the malfunction recovers.
If the air mix door is stopped in mid-travel, it is stopped at that position (transfer from cold to hot), or it is
returned to MAX HOT and then stopped (during transfer from hot to cold).
When the ignition switch is turned on, the fail-safe function is released.
The fail-safe function can be released if it is transferring from hot to cold. If is judged that the air mix door
is prematurely stopped during transfer from cold to hot.
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AUTOMATIC AIR CONDITIONER

AIRFLOW VOLUME CONTROL
Airflow volume control consists of airflow volume automatic control and airflow volume manual control.
The A/C amplifier controls these functions by power transistor and max hi relay.

®  FAN SWITCH ]

® SET TEMPERATURE POWER TRANSISTOR

® AMBIENT TEMPERATURE & MAX-HI RELAY

®  SUNLIGHT INTENSITY A/C AMPLIFIER OUTPUT CONTROL BLOWER MOTOR

® PASSENGER COMPARISON BLOWER
COMPARTMENT SIGNALS .| COMPUTATION [reepmack| MOTOR  [CPERATION RO
TEMPERATURE VOLTAGE CHANGES

® COOLANT TEMPERATURH

® AIRFLOW MODE

Airflow volume automatic control
The A/C amplifier calculates the blower motor voltage characteristics for the difference between set
temperature and target temperature, based on set temperature, outside temperature and sunlight intensity.
Blower motor voltage has different characteristics for both the cooler function and the heater function as
follows.

Cooler : When both the ambient temperature and sunlight intensity are high, transition
period will be high on the graph. (see A below)
Heater : When the Ambient temperature is low, Transition period and MAX-HI period will be

large. (see B and C below)

By comparing the target temperature and passenger compartment temperature for blower motor voltage
characteristic, the blower motor basic applied voltage is decided.

To achieve target temperature as quickly as possible, blower motor basic applied voltage is set to the most
suitable speed and mode. This is because it is necessary to maintain stable operation is response to
outside factors, such as ambient temperature and sunlight intensity.

STABLE PERIOD
TRANSITION PERIOD

TRANSITION PERIOD MAX-HI PERIOD
MAX-HI
AUTO-HI}-

BLOWER MOTOR
BASIC APPLIED
VOLTAGE (V)

COOLING H HEATING

=) I (+)

TARGET TEMPERATURE — PASSENGER COMPARTMENT TEMPERATURE
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AUTOMATIC AIR CONDITIONER

Correction

Coolant temperature correction
Just after the starting engine, if the heater is turned on, cold air will be blown because of low temperature
of the coolant. In order to prevent this, blower motor applied voltage is controlled in accordance with the
heater core temperature. However, if the defroster correction is operated, the coolant temperature

correction will be released when the passenger compartment temperature is more than 20°C or the airflow
mode is switched VENT.

RISES TO AUTO VOLTAGE
BLOWER MOTOR

APPLI
VOLTAGE (V)

LOW HIGH
COOLANT TEMPERATURE °C {°F}

Mild start correction

In the summer, when inside the passenger compartment temperature is very high, if the cooler is turned
on in VENT MODE, hot air will be blown. In order to prevent this, the maximum blower motor applied
voltage is controlied for 5 seconds. After the correction, if it is necessary to raise the voltage level to the
biower motor's basic applied voltage, the voltage increase will change according to the outside
temperature and sunlight intensity. This increase will be big, in case of high outside temperature and
sunlight intensity.

However, this mild start correction is released if the passenger compartment temperature is less than 20°C.

RISE TO AUTO VOLTAGE
A

7
BLOWER MOTOR /
PPLIED

A /
VOLTAGE (V) /
/

|

o
o
(4]

TIME (S)

Vehicle speed correction

If the air intake mode is switched to FRESH during high speed driving, the airflow volume will be
abnormally increased due to the influence of air that flows into the passenger compartment as a result of
the vehicle's movement. In order to prevent this, the blower motor's basic applied voltage is given a
minus correction in accordance with the driving speed. Furthermore, the speed signal which is used by
this correction is equipped with a delay function in order to soften the effect of sudden speed changes
(braking, etc).

® Defroster correction

® Start compensation correction

® Rush current prevention correction

® Max-hirelay ON

=) VEHICLE SPEED DELAY (EXAMPLE)

km/h (mile/h)
BLOWER MOTOR ‘ ACTUAL 800 -----~
APPLIED VOLTAGE VEHICLE
CORRECTION SPEED
AMOUNT (V) s

80 (50)f - - - =<4
VEHICLE
SPEED

INPUTTED 50 (a1} - -

ow HIGH
VEHICLE SPEED (km/h)

TIME

23




AUTOMATIC AIR CONDITIONER

MAX HOT & MAX COLD correction
If the set temperature is set to 32°C, blower motor applied voltage is switched to the maximum voltage of

the power transistor (Auto Hi). Conversely, if the set temperature is set to 18°C, the Max-hi relay will be
fixed at ON.

CONTROL | SET TEMPERATURE | CONTROL DEVICE BLOWER MOTOR APPLIED VOLTAGE
MAX HOT 22.0 POWER TRANSISTOR 12.0V (AUTO-HI)
MAX COLD 18.0 MAX-HI RELAY BATTERY POSITIVE VOLTAGE (MAX-HI)

Window frost prevention correction
For improvement of engine startability, during cranking the engine control unit turns off the A/C
compressor (A/C cut control) . Because of this, the front window will become misted easily due to inside
the passenger compartment not being dehumidified and the subsequent temperature. In order to
prevent this, after the IG is turned to  ON, the blower motor is stopped for 6 seconds when in heat mode,
heat/def mode, or defroster mode.

Vent correction
When the heater is turned on, if the airflow mode is manually switched to vent, maximum voltage of blower
motor's applied voltage is controlled 7.5 V, in order to prevent air from blowing into the passenger's face
and head directly. However, if the blower motor voltage exceeds 7.5 V, the stable period is given priority.

Start compensation correction
If the blower motor is started at a minimum voltage of 3.2 V, the blower motor applied voltage is set to 4.4
V for 2 seconds to improve the motor's reaction.

Rush current prevention correction
If the blower motor is operated from a stopped condition while the Max-hi relay is ON or the power
transistor (Auto Hi) is at maximum voltage, the motor could be burned out. In order to prevent this, the
blower motor applied voltage is controlied at 4.4 V for 1 second.

Defroster correction
If the defroster switch is turned ON, the blower motor basic applied voltage is increased 2 V to improve
defogging effectiveness.

Airflow volume manual control
According to the fan switch operation, the blower motor applied voltage is able to switch between 4 levels.

FAN SPEED CONTROL DEVICE BLOWER MOTOR APPLIED VOLTAGE
1st 38V
2nd POWER TRANSISTOR 71V
3rd 10.1V
4th MAX-HI RELAY BATTERY POSITIVE VOLTAGE
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AIRFLOW MODE CONTROL
There are 2 kinds of airflow mode controls. They are "auto control" and "manual control'. A/C amplifier
controls these by way of the airflow mode actuator.
®  MODE SWITCH AIRFLOW
e  ARMIXACTUATOR MODE ACTUATOR
OPENING ANGLE
®  A/CCOMPRESSOR
CONTROL CONDITION OPERATION AIRFLOW
® EVAPORATOR AC AMPLFIER MODE ACTUATOR
TEMPERATURE OUTPUT
e  COOLANT SIGNALS | cOMPARISON OPERATION . élmg\évsmooe
TEMPERATURE | FEEDBACK
e AMBIENT COMPUTATION ¢ AIRFLOW
TEMPERATURE MODE DOOR
®  SUNUGHT INTENSITY POSITION
®  PASSENGER . DETECTED
COMPARTMENT
TEMPERATURE
Airflow mode automatic control
A/C amplifier decides airflow mode in accordance with air mix actuator opening angle. The relation

between air mix actuator opening angle and airflow mode varies based on the A/C compressor mode (ON,
OFF, ECON).
When the A/C compressor is in the OFF mode, the criterion of the airflow mode will be changed in

accordance with the evaporator temperature and air mix actuator opening angle.

Even if the air mix

actuator opening angle is the same, the opening angle will be decided based on the evaporator
temperature.

AIRFLOW MODE

AIRFLOW MODE

VENT
BI-LEVEL
HEAT

AIRFLOW MODE

A/C COMPRESSOR ON MODE

BI-LEVEL

HEAT

BI-LEVEL | - -

A/C MODE

HEAT

ECON MODE

(COLD)

(HOT)

AIRMIX ACTUATOR OPENING ANGLE (%)

A/C COMPRESSOR OFF MODE

(COLD)

AIR MIX ACTUATOR OPENING ANGLE (%)
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AUTOMATIC AIR CONDITIONER

Correction
Coolant Temperature Correction

When the coolant temperature is low during engine starting, airflow mode is switched to defroster or
heat/def depending on the heater core temperature.

DEFROSTER  l.eeoeof e

AIRFLOW MODE HEAT/DEF  |..... { A 4

AUTO e 4

HEATER CODE TEMPERATURE

Fail-safe Function (In case the airflow mode actuator is a potentiometer type)
If the potentiometer is judged to be out of order, the airflow mode actuator is fixed at the position where is
was immediately before it was broken. The fail-safe function is released when hte malfunction recovers.
if the airflow mode is locked, in order to prevent burning, the blower motor applied voltage is cut. The
fail-safe function is released when the IG is turned to OFF or when the door goes to its pre—fail position.

Airflow mode manual control
The airflow mode is fixed in accordance with operation of the mode switch and defroster switch.

AIRFLOW MODE OPERATING SWITCH AIR OUTLET
VENT (06
BI-LEVEL MODE SWITCH 0BO06)
HEAT ODE*®D)
HEAT/DEF @REO®®
DEFROSTER DEFROSTER SWITCH @3B
DEMISTER DEFROSTER *(MINIMUM AIRFLOW VOLUME)

, ®,
SE e\ AL AL ST e
dine =iy ’r

\% @@

® EIDE VENT

LAP LOUVER
®<{> GENTERVENT < ©®
REAR HEAT REAR HEAT
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AIR INTAKE CONTROL
There are 2 types of air intake controls. They are "auto" and "manual’. A/C amplifier controls these
by way of the air intake actuator.

®  RECFRESHSWITCH AIR INTAKE

®  SETTEMPERATURE - ACTUATOR

®  ACCOMPRESSOR
CONTROL CONDITION

®  AIRFLOW MODE ACTUATED

o AVBIENT i G AMPLIFIER AIR INTAKE DOORS
TEMPERATUR OUTPUT AIR INTAKE MODE

e  SUNLIGHTINTENSITY | SIGNALS OPERATION _|~HANGES

p COMPARISON

) PASSENGER | FEEDBACK

COMPARTMENT COMPUTATION AIR INTAKE
TEMPERATURE DOOR

e  BLOWERMOTOR POSITION
APPLIEDVOLTAGE DETECTED

Air intake automatic control
The A/C amplifier calculates the amount of inside air circulation in accordance with set temperature,
sunlight intensity, and ambient temperature. By compare this result with the passenger compartment
temperature, the air intake mode is decided. The decided value of inside circulation will be small (cold)
during high outside temperature and strong sunlight intensity.

RECIRCULATE | -~ === - - -
1/3 FRESH !
| AMOUNT OF INSIDE AIR CIRCULATION
FRESH !
ow) 5 (HIGH)

PASSENGER COMPARTMENT TEMPERATURE C{°F }

Correction
Max cold correction :
If the set temperature is 18°C, the inside air circulation is fixed to improve cooler efficiency.
This correction is released when the defroster correction or window frost prevention correction is operated.

Window frost prevention correction
If the A/C compressor is switched to the OFF mode or the 1G switch is turned to OFF, the air intake mode
is fixed to FRESH to prevent window frost.

Defroster correction
If the defroster switch is turned to ON, the air intake mode is fixed to FRESH to prevent window frost.

Air intake manual correction
A/C compressor operation mode is decided by the A/C amplifier depending on the outside temperature.
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A/C COMPRESSOR CONTROL
There are 2 types of A/C compressor controls. They are "auto” and "manual”. The A/C amplifier sends

signals to the engine control unit to initiate these controls.

e  ACSWITCH

e  SET TEMPERATURE

e  AMBIENT AC
TEMPERATURE

®  SUNUGHT A/C AMPLIFIER ECU COMPRESSOR
INTENSITY OUTPUT

®  PASSENGER SIGNALS! coMPARISON [(A/C SIGNALY| comPARISON [CUTPYT] operaTion [PYTPUT opERATION
COMPARTMENT COMPUTATION COMPUTATION (ON, OFF)
TEMPERATURE

e  EVAPORATOR
TEMPERATURE

®  AIRFLOW MODE

A/C compressor automatic control
The A/C amplifier decides the A/C compressor operation mode depending on the outside temperature.

ON MODE |----
AC COMPRESSOR OFF MODE !

2 7
{36} {45}

AMBIENT TEMPERATURE °C{ °F }

Correction
Defroster correction
If the defroster switch is turned to ON, the A/C compressor is fixed at the ON mode to improve window

frost prevention. However, the defroster correction is released when the ambient temperature
correction is operated.

Ambient temperature correction
If the ambient temperature is under -5°C, the A/C compressor is fixed at the OFF mode to protect the

A/C compressor.
At this time, the A/C switch can not be operated a manually.
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A/C compressor manual control

The A/C compressor is fixed at the ON or OFF mode by way of A/C switch control.
A/C COMPRESSOR MODE OPERATION CONDITION

A/C MODE A/C COMPRESSOR IS FIXED TO ON MODE.

A/C COMPRESSOR IS FIXED TO ON MODE.

COMPARED TO A/C MODE, A/C COMPRESSOR ON/OFF
A/C COMPRESSOR ON MODE ECONMODE |MODE CONTROL BY EVAPORATOR TEMPERATURE IS
OPERATED AT HIGHER TEMP, MAKING A/C COMPRESSOR
OPERATION TIME_ SHORTER AND MORE  ECONOMICAL.
A/C COMPRESSOR OFF MODE A/C COMPRESSOR IS FIXED TO OFF MODE

Econ mode
The ECON mode varies the A/C compressor OFF temperature (evaporator temperature) based on
outside temperature, passenger compartment temperature, and target temperature. Because of this, the
engine burden can be reduced (Improved fuel consumption) .

DIFF 1.5°C{35°F } DIFF 1.5°C{35°F }
' ] i [
ON . [ 1 ' 1
A/C COMPRESSOR , ] C:> L
OFF |-- !
EVAPORATOR TEMPERATURE

IDLE UP CONTROL
There are 2 types of idle up controls. They are "A/C compressor idle up control "and "electrical load idle
up control'. They ar<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>