HVAC Sensor and Actuator Technologies
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Sensor and Actuator Definition

= Sensors measure

- Converts nonelectrical signals to
an electrical signal (input)

= Temperature, pressure, light,
position, speed, levels,
humidity, etc

= Analog and Digital
= Actuators provide movement

- Converts electrical signals into an
action or movement (output)

= Motors, solenoids

o
CARQUEST Technical
q Institute

- HVAC - Sensor and Actuator Technologies

Carquest Technical Institute PO 5-28-2026

5/28/2026



HVAC Sensor and Actuator Technologies

Sense - Compare - Correct

= Before A/C Service

CE 5T Technical
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Sense - Compare - Correct

= During A/C Service

= After A/C Service
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HVAC Sensor and Actuator Technologies

HVAC Sensor Overview

= Engine Compartment Sensors = Passenger Compartment Sensors
- Ambient Air temperature - Temperature — NTC design
= OAT (Outside Air Temp) = Fresh air inlet duct
- Air Quality Exterior = Dash panel/footwell
- A/C pressure sensor (transducer) = Evaporator
= Electronic VD Compressor = Air Quality-Interior CO,
- RPM sensor - Sun load Sensor (Photodiode)
= A/C Clutch vs engine speed - Solar load sensor
- Refrigerant Flow (volume) sensor - Humidity/Rain
= More precise compressor control = Capacitance
S L

Snowflake Indicator - WHY?

= NOT a malfunction!
- Algorithm provides driver warning
» Frost/lcy Road Conditions
- Temperatures are low enough
= 40°F (4°C)
- Indicator light color status
= Amber/Red as it gets colder
- Chime (audible)

B 25mi 25+ &
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HVAC Sensor and Actuator Technologies

HVAC - Fuzzy Control Logic

» Input Variables = Fuzzification
- Passenger cabin temperature - Data converted to fuzzy logic
= Actual vs. Setpoint = Slightly warm
= Errors = Very cold
- Humidity = Rules
- Outdoor air temperature (OAT) —If “THIS” then “THAT”
- Solar Load = |f temperature is too HOT
- CO? levels = With Humidity High
- Air Quality - THEN reduce fan speed to Medium
= Fan speed Fast=70%
» Fanspeed Medium=40%
G i ., " FanspeedLow=20%

Defuzzification

= Precise control for Actuators = Vehicle Benefits
- Heater control valves, solenoids - Enhanced comfort
- A/C compressor speeds - Quicker response

- Blower motor speed

= | ess over/undershoot
- Blend and mode control doors

. . - Adaptability
- Recirculation control door . ) o
e = Driver and vehicle conditions
N - Integration
- LO |+
= E/V thermal management
w PP NS ) .
b ISR el 1 = Cabin climate control
pp R s TR - Energy efficiency
—— = A/C compressor optimization

Entertainment Off D
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HVAC Sensor and Actuator Technologies 5/28/2026

System Functional Example

Automatic transmission assembly Input
transmission internal mode switch A/C EVAP temperature sensor

Engine control module (ECM)

A
' |
| |
|
|

|
v

Body control module (BCM)
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HVAC
Controls

| R -

1 jesaeten) &) M

Blower| |
Motor

Control
Module
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HVAC Sensor and Actuator Technologies 5/28/2026

Scan Tool View

Name Range Unit
2 W A/C compressor refrigerant sol valve comm... © 0 <2 @Qx | @y g
M Battery voltage(V) 13.8
A
N ¥4
4 A/C request signal © No
[] Batteryvoltage(V) @ |[sety|13.8 > Q){ B 7Q7y 11
‘ _ _ i _ _ _ : ! : : LA
G Y i o : R S —

A/C Request On

Name Value
2 W A/C compressor refrigerant sol valve comm... © 86 i @x | @y -
M Battery voltage(V) 13.7
Al
| x|
4 A/C request signal © Yes
[] Batteryvoltage(V) @ |[sety|13.7 li @ x Qy
"
31 A
oo § S — ‘ \ : X
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HVAC Sensor and Actuator Technologies

Isthe A/CONn?

o
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[J Evaporator temperature @ 374
[J Outside temperature © 95
[J Outside temperature (display value) @ 73.4
O n car temperature © 78.8
[J Engine coolant temperature © 197.6
E] Solar sensor passenger © 0
[ solar sensor driver @ 0
[ Driver set temperature © 60.8
[J Passengers set temperature @ 60.8

419.00

-31.00..
.212.00

-40.00..
.194.00

32.00...491.00

-40.00..
.491.00

0...100000000
0...100000000
32.00...491.00

32.00...491.00

°F

°F

°F

°F

°F

W/m2

W/m2

RE

°F

< 13 —»

Are We getting Cold?

o
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Name

[J A/C recirculating servo position status @

(0 A/C status © ON

[J Blower Motor Speed @ 86.66 [0..100] %
[J Diagnostic Trouble Codes © 0 [0...20]

[J ECU operating states © Default

[J Evaporator Temperature @ 82.4 [_2‘1;02%%] °F
[J Front Blower Relay @ Off

[J Ignition Key Status © Key in Run

[ Interior Temperature Sensor © 84.2 [-1‘})%231'1. °F

<«— 14 —»
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HVAC Sensor and Actuator Technologies 5/28/2026

Ambient Temperature Sensor

= Location
- Front of condenser
= Description - Sensor Output
- 2 wire NTC thermistor design
= Cold = High Resistance
= Warm = Lower resistance

- Used for: | |
= Discharge temperature control

= Temperature regulation door control

= Blower motor level control

= Mix (blend) mode and humidity control
= A/C compressor deactivation (cold conditions) Symbols

o
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Ambient Temperature Sensor - Kia Specifications

= Service Information

Ambient Temperature °C/(F) Resistance Between Terminals 1 and 2 (KQ)
-30 (-22) 480.41
COLD
-20 (-4) 271.21
J |_, -10(14) 158.18
AV 0(32) 95.10
WARM 10 (50) 58.50

20 (68) 37.32

—

{ 7 30 (86) ; 24.26
= 40 (104) 613

- 50 (122) 10.95 A
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HVAC Sensor and Actuator Technologies

Ambient Temperature Sensor - Chevy Bolt Specifications

o
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Temperature °C/(F) (KQ) MIN (KQ) MAX (KQ)
-40 -40 169.4 158.46 181.19
-30 -22 88.74 83.39 94.47
-20 -4 48.58 4719 50.02
-10 14 2767 26.93 28.44

0 32 16.33 15.92 16.75
10 50 9.95 9.71 10.19
% 68 6.24 6.1 6.38

30 86 4.02 3.94 411

40 104 266 261 271
50 122 1.8 1.73 1.87
60 140 1.24 12 1.29

< 17 —»
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Ambient Air

Ambient Air Temp Sensor - Communication Logic

I/0 Pull-Up
Resistor (+)

Temperature
Sensor

| Lf"{éi-_{v_f:iff;{ii-ﬂf__L
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HVAC Sensor and Actuator Technologies

Aftermarket Schematic - Confirmation

5V Reference

BLU/GRY

Sensor Ground

636 BLU/GRY

SENSOR SIG |
I
AMBIENT AIR TEMPERATURE |40 BLK/BLU

BLK/BLU

HIGH SPD GMLAN }W’ WHI
SERIAL DATA (-3 1 [

l
[
I
\ SENSOR LOW REFERENCE |
\
\
{ HIGH SPD GMLAN ]U7 BLU

DATA LINES

2501
> COMPUTER
SYSTEM

SERIAL DATA (+) 1j X

L

HYBRID/EV POWERTRAIN
CONTROL MODULE 2

(UNDER FRONT PASSENGER SEAT)

834921

o
CARQUEST Technical
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< 19 —»

BLK/BLU
BLU/GRY

2
1

Lo

AMBIENT AIR
TEMPERATURE
SENSOR
(CENTER OF
FRONT GRILLE)

ADAS and HVAC - Ford Bronco Example

= AAT Sensor Location/Placement
- Beneath side view mirror
- Away from the elements

= Systems

- Speed of sounds changes
= Faster when warm
= Slower when cold

G e objects more accurately

Institute’

- Dual Automatic Temp control (DATC)
- Electronic Manual Temp control (EMTC)
= Parking Aid Systems (Europe ONLY)

- Ultrasonic sensor reads proximity to

<+ 20 —»
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HVAC Sensor and Actuator Technologies

Outside Temperature Sensor - Ford

Must reset Learned Values after replacement

General Procedures

Configuration

values.

412-00 Climate Control System - General Information

2022 - 2023 Bronco

Procedure revision date: 09/29/2021

Reset the Outside Air Temperature Sensor Learned Values

1. NOTE: The ambient air temperature sensor is a critical component for correct Air Conditioning (A/C) and Heating, Ventilation, and Air
Conditioning (HVAC) system operation. Make sure after the reset is carried out the temperature is displaying correctly in the vehicle.

NOTE: The outside air temperature sensor is also referred to as the ambient air temperature sensor in this manual.

Using the diagnostic EDRS scan tool, follow the on screen prompts to run and reset the outside air temperature sensor learned

o
CARQUEST Technical
Institute’

Use Scan Tool to perform the reset

< 21 —»

Schematic Confirmation

Driver Door
Module

PCM

o
CARQUEST Technical
q Institute

BCM

Hotatall tines

BODY
1| CONTROL
©| MODULE (BCt)

EXTERIOR

LaHES MIRROR LH
(FET) 1511 1513
fiing
———————————— VEHICLE EMERGENCY
WESSAGING SYSTEN
= Viips3 B Ctot -
46 (BB S cpra
5 i
DRIVER DOOR
MODULE (DDM) H it 1
15127 15128 o e 1 rro r
777777777777777777777 CPIN5 BN-BU L CPII5 _BN-BU
MIRROR UP/DN — - > T l
JIRROR GOMMON RPHOS _VT-GN RPHOS VT-GN I I I
[ 2
CPIAT _BU-GY cpAT_BUGY _© !
MIRROR =2 W
LEFT/RIGHT 1 3 O
e RRB05_GY-VT RREOS _GWAT !
BLIS GND v 18 5
HiS . CRBOS _GN-WH CRE06_ONWH__ al| reos
INDICATCH 23 POVER HIRRORS €5 4
CLS05 _BU-GY ! CLS05 _BU-GY .
23271 1263 (A |- i e BB O™ ST
- S [
2 I
= o ]
SPOT LAMP ‘ ien e
R oLN31 VTGN CLN3t VTGN
PUDDLE LAWP. ke iE 2 PUDDLE
MIRROR i CRD13_GNAT CRD13_GNVT :
HEAT 2% 19 6
,,,,,,,,,,,,,,,,,,,,,, : G023 _BK . . -
e ﬂ= Ambient Air
POWERTRAIN L % !
CONTROL HODULE (PCHl) — i
20 2316 H
20 : t
R ] Ielllpera ure
RE4T9 VT-BN i /
) o
‘ s ow L Sensor
AT
3 '3 )
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2022 Nissan Kicks -
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HVAC Sensor and Actuator Technologies

Ambient Air Temp Sensor

< 23 —»

2022 Nissan Kicks - Scan Tool View -

3:39PM B U-

< Data Stream

TOPDON

Battery Voltage
14

% Ry Ry Ry R

2 Ry Ry Res Ry Res Vo, Vop

IN-VEH Temp
77(degree F)

AMB Temp SEN Ambient Sensor Calculation
64.4(degree F) 64.4(degree F)
- = -
u: i x
» % i
@ & W
| 0 s
*a, &y % B, T %y % % % % 5 | TR % % % % % % % % S %e T,
Engine RPM Evaporator Air Temperature Sensor
2700(rpm) 59(degree F)
poed Z“, %
i;f:f z
1000 ©
s »

Zrs %oy By Bay By Bay Rap B3y Ry G Bty By

Interior Temperature Caleulated Value

77(degree F)

@, B, 0, B, G, &, G, 0
215 Ry Rz Bap Ros R Res B ®:

Nissan KicksSV 2022 VIN 3N1CP5CV8NL513930
= n diagnosis > The Vehicle With 16PIN > System Selection > Ventilation, Hea

2 i
q Institute’

5 By Bos

(;
B

1 %y oy Ray By Ry Bay By, Ry By By B,

%, 5, G, 6. &, T, & B
215 R o5 B Bas By Bos By R By B B

%, &

Sunshine Sensor

0(W/m*2)

@,

@,

Ry Rap B Ry By Ry Res Ry Rt B D0

Vehicle Speed
0(mph)

@, @, @, &

< 24 —»

=, B % &

Ris B Ros B B Rwp Res By Bos Bay B B

Save Sample

ENG Coolant Temp

204.8(degree F)

%

R Ry @5 Ry Res Ry Rsy Dy Vo5 By

Intake Air Temperature Sensor Calculation

59(degree F)

%1 %2y Ry By Bag Rap Zas By %y g, Bop Gy
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HVAC Sensor and Actuator Technologies

Refrigerant Pressure Sensor - Nissan Example

= Converts high pressure into voltage

e

- Three wire pressure sensor
= Transducer =
- Read by Engine Control Module (ECM)
- ECM controls
= Cooling system protection
= |dle speed
- Low Pressure = Low Voltage (0) V
- High Pressure = High Voltage (5) V

CE 5T Technical
q Institute”

< 25 —»

Connector \
Portion

i Signal Electrical
Processing
B\,
k‘ Pressure Detecting
Portion

Pressure

/. ﬁ

2022 Lexus UX 250h - HEV

= Connections @ Pressure Transducer

CE 5T Technical
q Institute”

< 26 >

= DMM Measurements

A/C OFF

A/C ON

Automotive Meter
A== =es i

Carquest Technical Institute PO 5-28-2026
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HVAC Sensor and Actuator Technologies

2017 Kia Cadenza - Scan Tool View - A/C Off

Kia =D
V6.00 =F

Kia > Automatic selection > Pre-Scan > ENG (Engine) > Live data

o
o

©  2items selected

&

=

Off

Q

@& veme [Z5 141V

5

AC Request to ECU &J
A/C Compressor on by ECU &2 Ooff
A/C On condition & Off
B4 AscPressure  (psi) @ Sety 64 L@x Ay =
K2
KN
X
B4 A/c Pressure voltage (V) @ SetY 2 e Clta e Gl =
K2
KN
X

- )
CARQUEST Technical 0249 na.50 155
Institute’

27 —»

2017 Kia Cadenza - Scan Tool View-A/C On

Kia LLED B - &
e =5 = o = B & Q
Kia > Automatic selection > Pre-Scan > ENG (Engine) > Live data & vame =314V
(7] 2 items selected value
AC Request to ECU &2 On
A/C Compressor on by ECU &4 On
A/C On condition &4 On
w A/C Pressure (psi) & SetY 192 - @ X - (CRY% =
K7
665 P
1
i X
)6:10 4 16
B4 A/C Pressure voltage (V) & SetY 22  |epSlXain@y =
3 K2
? -]
l X
1
CARQUEST Technical gell i
Institute’ < 28 —»
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HVAC Sensor and Actuator Technologies

A/C Pressure Sensor and Cooling Fans

Ford { ‘ bl
V7.26 m ‘S“’""

o le o8 @

M variable Fan Duty Cycle(%)

=
2 B Engine Revolutions Per Minute(RPM)
W a/c(air conditioning) pressure sensor(psi)

616.75 o Qy
208.85
7.99

A

&4 Air conditioning clutch @

o
CARQUEST Technical
[ | Institute

off

<+ 29 —»

2019 Lexus IS-300

= A/C Lock Sensor
- Detects if compressor is locking
- Engine/Compressor- RPM deviation
= Sends AC pulley speed signal to
A/C Amplifier
= Trouble Areas
* Magnetic Clutch Assembly
*A/C Compressor
*Harness or connector
* Air Conditioning Amplifier

o
CARQUEST Technical
[ | Institute

= DTC B1422/22C
= Compressor Lock Sensor Circuit
- SEE Service Information
= Engine running
= Blower switch: Low
= A/C Switch: On
- Use Scope to validate signal

b
T

< 30 —»
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HVAC Sensor and Actuator Technologies 5/28/2026

ECM
1 4 18
from Battey —»—o—~_o—(28_JBATT  -s[(2D) (k10 )mee
P/I-B
1 12 3;
from Battery —=—o—~_0—( 2A JALT L(20) MG+ U 00,
P/I-AM = _l_
i Magnetic Clutch ’
from IG1 MAIN —=—o0—~—0—(2D_)IG Assembly
Relay ENG-G NO. 2
L 21 1
(2D )GND1 52| SSR- ~ SSR+|272 .
5 7 (K11 JLOCK
‘ GND2
% ﬁ F65*1, F692
ey . Semiconductor Pwr Cooler Compressor

Integration ECU Assembly

|A/C Lock Sensor| Gilss2

AL
— )
* , Air Conditioning Amplifier
1: for2WD Assembly
GRBUEST Techrical *9- for AWD CAN Communication Line
Institute’ -~ 31 >

A/C Evaporator Temperature

= NTC Design = = _Co—ntrgun—lt -1
- High resistance when cold
- Low resistance when hot &

= Evaporator Cleaning y

- Possible contamination / \LT

Cﬁ EST Technical
q Institute
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HVAC Sensor and Actuator Technologies

Scan Tool View

3:23PM M U

< Data Stream

Evaporator Air Temperature Sensor
55.4 degree F

50

® Digital Displayed Value
= Right Side Graph

¥ §82%

5 1467V o @

Standard Range: -40 ~ 419

40

30|

20|

00:50

00:55 01:00 01:05 01:10 01:15

(E 5T Technical
q Institute”

01:20

< 34 —»

01:25 01:30

0135 01:40 01:45

8:22AM M Y-

£ Data Stream

Evaporator Air Temperature Sensor

75.2(degree F)

IN-VEH Temp

75.2(degree F)

Ambient Sensor Calculation ENG Coolant Temp
66.2(degree F) 141.8(degree F)

i 190 1
10 150 150,
! e 1
o ! ]

@ &
F % 0

Uray oy Uy Urgs Uiy g Bq, Qogy Gy, Gy B, Can CM‘E Tge Orgy Urgg Uigy Uy By B By, By @g % Ewﬁa

Vg, Ory Ory O Grg Gy B @ %, G;
a5 Yo Pas o Vs Bap Bos Rup Rus By R

Intake Air Temperature Sensor Calculation Interior Temperature Calculated Value

75.2(degree F) 75.2(degree F)

Oray Orag gy Gigy Oy Vg, Gy Cogy By Gy, 0oy G

o
Oy Orgy Orgy Urgy Orgy Orgy Oog Gagy %y, Gy @ oy

Nissan KicksSV 2022 VIN 3N1CP5CV8NL513930
n, Heater & Air Conditioner > HVAC (Heating Ventilation Air-cond

(E 5T Technical
q Institute”

< 35 —»

Save sample
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HVAC Sensor and Actuator Technologies

8:23AM M Y-

< Data Stream

Ambient Sensor Calculation ENG Coolant Temp Evaporator Air Temperature Sensor IN-VEH Temp

66.2(degree F) 147.2(degree F) 39.2(degree F) 71.6(degree F)

5 ) .
v e e e e ot et U B e T T gy Uy iy Uiy Ty Ty iy iy iy iy iy By iy Ty gy U iy Ty Ty iy iy iy Uiy %
Intake Air Temperature Sensor Calculation Interior Temperature Calculated Value
41(degree F) 73.4(degree F)
0 o
50

Gag Oag Gay O3p O3y 0 O3y O3 Vay Tao Bay Oa Obg Oag Oip Gao Opy 0
25 %50 %oy %us Otp Ptrg % %25 Ry Rus gy Rae Ry %sg Ygy Mog Mgy Yis

Nissan KicksSV 2022 VIN 3N1CP5CV8NL513930 Save Sample Com e Report Record
th 16PIN > System Selection > Ventilation, Heater & Air Conditioner > HVAC

o
R 5T Technical
q Institute”

ooy Py Uiy, U G
% Ror R s e e

< 36 >

8:23AM B U- v 197%

< Data Stream % 12.64v o @

Ambient Sensor Calculation ENG Coolant Temp Evaporator Air Temperature Sensor IN-VEH Temp

66.2(degree F) 149(degree F) 35.6(degree F) 69.8(degree F)

o
v
a5

Ry R Ry Ry Boy Bo Wy By Uz Bag ?’-’io By Ry Ry g Ry B gy By By, By gy (‘)"’«., %oy Ry Bis By Ras Bay Bos By Br By Was “U‘w gy Ray Ray Ry Ras By Vag By V15 By “Jq
Intake Air Temperature Sensor Calculation Interior Temperature Calculated Value As k o u rselves a q ueSti o n 7
H
39.2(degree F) 73.4(degree F)
™ 0
1%

[} [
%y, By By, G Gy Gy Qg G Gy, Gy, G Ga Gy B B, G Gy G g G Gy Gy G, G

% 2 Bag

Nissan KicksSV 2022 VIN 3N1CP5CV8NL513930 Save Sample Combing Value po aord
on, Heater & Air Conditioner > HVAC (Heating Ventilation Air-conc

- 7

|

< 37 —»
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HVAC Sensor and Actuator Technologies

8:26AM B U-

£ Data Stream

Ambient Sensor Calculation ENG Coolant Temp Evaporator Air Temperature Sensor
66.2(degree F) 156.2(degree F) 73.4(degree F)
10 180 0
150 150 150,
! o .
o % =
60 cﬂf

P %) i
o o

Yy srg U5y Uscp %ay Pag Pap Pag Uiz Uha Yoy Ysag Gy Ot1y Oz Osgy Oy 05y U5gy Ying U5y iy Uy Oy Opy Oy Osgy Gszg Oy Uiy O5gy Uigg Oty Usy Oy Oty

Intake Air Temperature Sensor Calculation Interior Temperature Calculated Value

66.2(degree F) 68(degree F)

IIEEIEEEmmm, B

05, 05, sy Ony, Gy Oy, U5y Uiy Ouy Uiy, Uiy O 05, 05, sy, Ony, Osy, iy, 05y Oie Uiy Us O G
510 %ts U2y Yoy Yy Uiy Ve DSy P03 Psg ity Yy o W15 Y2 Y25 B Ptag Wy Mes P Mg "y 0

Nissan KicksSV 2022 VIN 3N1CPSCV8NL513930
NISSAN V10.56 > Full system diagnosis > The Vehicle With 16PIN > Syste

(E 5T Technical
q Institute’

Combine

Save Sample

< 38 —»

IN-VEH Temp
69.8(degree F)

@, 05, 05, G5, 05, Os, Os. U5 g U G
51y 51y 52y Utag U3, Ugy U, Use. U5g, Usg. U

Record

8:28AM B Y-

< Data Stream

Ambient Sensor Calculation ENG Coolant Temp Evaporator Air Temperature Sensor
66.2(degree F) 156.2(degree F) 82.4(degree F)

180 80 10
15 1%/ 150
i 20 12

® % s

« © @

0 0 2

o o o

Pos Py P2s %0 Pas Py s Bap Yop Bap By By Zas P Pas Py Pas P P By Bos By B By P2 P Pas P Pas P Pas By Bog Bip Hrp Vo

Intake Air Temperature Sensor Calculation Interior Temperature Calculated Value

80.6(degree F) 73.4(degree F)

10 80
1% 15
o ol 80«
90, %0

@ ©)

oM

20 2 =

o o

o5 Py Pas P Pt P P Bao os Bap W %o P25 P Pag Pap P P Pas Xy Bog Way By By

Nissan KicksSV 2022 VIN 3N1CP5CV8NL513930
: With 16PIN > System Selection > Ventilation, Heater & Air Conditioner > H'

(E 5T Technical
q Institute’

< 39 —»

o
P2 P Pas Py Pas P Pae Bao B By Bus

* 096%
5 12.60V o @
IN-VEH Temp
78.8(degree F)

e Sample
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HVAC Sensor and Actuator Technologies

2022 Nissan Kicks - Service Information Video ety et & o] <7/ =t

REPAIR & DIAGNOSTICS

2022 Nissan Kicks -~ Backto Car

= print M Bookmark @ Aticle Info

* Operation a N
+ System ° Ventilation, Heater & Air Conditioner > Heater & Air Conditioning Control System > +
Automatic Air Conditioning > System Description > System > System Description =
Air Flow Control
Air Inlet Control
Air Outlet Control stem Description
50 <o arm o
Compressar Control I} SYSTEM DIAGRAM @
Door Control I
System Description P =
NG switen | reauestsignat | e ik coor L}
Temperature Control a yT 7Ty motor
» Wiring Diagram
» Manual Air Conditioning Conbloatin Ambient sensor signal Doormatar
M— reques signal
I P intake docr motor
» Heater & Air Conditioning System —_——

+ Ventilation System } A I Ambient sensor signal

» Labor Times

» MotoLogic Color Wiring in-vetite sansax [ * [ vt v n:;i, s imeri \

» Service Bulletins P MG a0 amp.
eel elp’ r

Intake sensor |-

CE 5T Technical
q Institute”

< 40 —»

A/C Auto Amp -Consult (Scan Tool) Function [ rrere=?®«)7/

REPAIR & DIAGNOSTICS

2022 Nissan Kicks — Backto Car

= print | Bookmark @ Article Info

+ Diagnosis System (A/C Auto AMP.) * ° Automatic Air Conditioning > System Description > Diagnosis System (A/C Auto

i +
Consult Function (HVAC) AMP.) > Consult Function (HVAC)

Description

v Diagnosis System (BCM)

U104 F 4499 p559-4556

v Air Conditioner

» Consult Function (BCM - Air

CONSULT can display each diagnosis item using the diagnosis test modes as shown.

A
CONSULT application items

I
[ Description |
v Diagnosis System (IPDM E/R)
Self Diagnostic Result = Displays the diagnosis results judged by A/C auto amp. R
Consult Function (IPDM E/R)
Data Monitor Displays A/C auto amp. input/output data in real time.
» Operation
N System Work support b 5 Changes the setting for each system function.
» Wiring Diagram Active Test The signals used to activate each device are forcibly

supplied from A/C auto amp.
» Manual Air Conditioning

ECU Identification
» Heater & Air Conditioning System -

Displays the A/C auto amp. number.

CE 5T Technical
q Institute”

<« 41 —»
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HVAC Sensor and Actuator Technologies

TOPDON Scan Tool

2:54PM B U~

< Show Menu
Module Information
Clear Fault Code

Actuation Test

1
CARQUEST T _....__.
q Institute

Nissan KicksSV 2022 VIN 3N1CP5CV8NL513930
> Automatically Search > North America > North America Common > KICKS > P15 > /2022 -> Heating, Ventilation & Air Conditioning syste

¥ 088%

5 14.66V O @

Read Fault Code
Read Data Stream

Work Support

< 42 —»

Scan - System Topology

2:54PM B U

< System and Function

*Support sliding up and down

SECHREllr)Y) System List multiple system data stream On

¥ §88%

& 14.73v O @

Heating, Ventilation & Air Conditioning system(HVAC)

o
CARQUEST Technical
q Institute

Nissan KicksSV 2022 VIN 3N1CP5CV8NL513930
> North America Common > KICKS > P15 > /2022 - >

1 1 DTC(S)Z 1
I
SRS
0BD — B24A9-15
Sunload Sensor
Body IC
|
I
BCM
Other HLL 3GW
| ]
1
0DS
Power ECM IPDM
| |
|
TCM

Report Diagnostic Plan Clear DTCs
NIS

< 43 —»

Carquest Technical Institute PO 5-28-2026
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DTC - B249-15

3:54PM B U

< Diagnostic Trouble Code

B24A9-15

Sunload Sensor

CRNT

Code Search

Nissan KicksSV 2022 VIN 3N1CP5CV8NL513930

N V10.52 > Full system diagnosis > The Vehicle With 16PIN > System Selection > Ventilation, Heater & Air Conditioner > HVAC (Heating

CE 5T Technical
q Institute”

< 44 —

Use All Available Resources

= From Service Information
e Sunload sensor characteristic curve
D Wl
&
§ 3.0 -
v
20
Watts per
Square Meter v _ . :
d Lower Sunlight Higher Sunlight
1 1 1 1 1 1 | |
W/M2 232 465 697 767 930 1162 1627
ﬁ@mwacg kcal/m?h (200) (400) (600) (660)(800) (1000) (1400)
q Institute” < 45 »

Carquest Technical Institute PO 5-28-2026
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What's in a Name?

o
CARQUEST Technical
Institute’

= Sunshine Sensor
- Nissan Example (In-Shop)

3:53PM B U ¥ B75%

< Data Stream % 14.6av o@

Sunshine Sensor

0 W/m*2 Standard Range: 0.0 ~ 1045.0

0440 0445 04:50 04:55 0500 0505 0510 0515 0520 0525 0530 0535

Nissan KicksSV 2022 VIN 3N1CP5CV8NL513930 .Support gesture scaling Min/Max
V10.52 > Full system diagnosis > The Vehicle With 16PIN > System Selection > Ventilation, Heater & Air Con

< 46 —»

What does W/m”2 Mean?

3:53PM B U~

0 W/m*2

08

06

04

02

< Data Stream

Sunshine Sensor

¥ B75%

5 14.64v o@

Standard Range: 0.0 ~ 1045.0

W/m? = Watts per square meter
Measures amount of solar radiation in Watts d

04:40

Nissan KicksSV 2022 VIN 3N1CP5CV8NL513930 OSupport gesture scaling Min/Max
V10.52 > Full system diagnosis > The Vehicle With 16PIN > System Selection > Ventilation, Heater & Air Con

04:45 04:50 04:55 05:00 0505 05:10 0515 0520 0525 05:30 0535

CE EST Technical
q Institute”

Y s

Carquest Technical Institute PO 5-28-2026
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Component Inspection - Sunload Sensor

= [gnition Switch ON
= Check voltage
- Between A/C auto amp harness connector and ground.

+)

A/C auto amp. -)

Connector| Terminal

M50 47 Ground
Note:
@
CEEST:I’;.:?E:;\ Select a place in direct sunlight when checking sunload sensor.

<+ 48 —»

DTC Detection Logic

= B24A9-15 Sunload Sensor - (Circuit Shorted to Battery or Open)
- Detected calorie at sunload sensor is 33 w/m=2 (28 kcal/m2.h)
= Three Possible Causes
*Sunload Sensor
*A/C auto amplifier
*Harness or connectors

Note:

@

If DTC is displayed along with DTC U1000-01 or U1010-49, first diagnose the DTC U1000-01 or
U1010-49. Refer to DTC Description (U1000-01) or DTC Description (U1010-49).

Sunload sensor may register a malfunction when indoors, at dusk, or at other times when light is
insufficient. When performing the diagnosis indoors, light the sunload sensor with a lamp (60W or
more).

o

CGARQUEST Technical
Institute

[ 1 stitute 49

Carquest Technical Institute PO 5-28-2026 24
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Solar Sensor - Graph Mode

4:03PM B Y-

< Data Stream

Sunshine Sensor

¥ 874%

5 14.63V oe

Sunshine Sensor Calculation

Nissan KicksSV 2022 VIN 3N1CP5CV8NL513930
stem Selection > Ventilation, Heater & Air Conditioner

CE 5T Technical
q Institute”

) 0(W/m"2) 0(W/m~2)
i Sensor Actual and Calculated are Matched d

. Save Sample Combine Value Report Record
> HVAC (Heating

< 50 —»

Normal Sensor Behavior

8:10AM M U~

< Data Stream

Sunshine Sensor
0 W/m*2

180

90
60

30

¥ 0100%

5 11.7av OQ

Standard Range: 0.0 ~ 1045.0

01:50 01:55 02:00 02:05

Nissan KicksSV 2022 VIN 3N1CP5CV8NL513930

Institute’

Sm— ing Ventilation Air-conditioning and Cooling)
Gy

02:10 0215 02:20 02:25 02:30 02:35 02:40 02:45

Support gesture scalin: Min/Max

< 51 —»

Carquest Technical Institute PO 5-28-2026
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HVAC Sensor and Actuator Technologies

Diagnostic Procedure - STEP 1

= Sunload Sensor Power Supply
- Ignition OFF - Disconnect sensor

- Ignition ON
= Check voltage between sensor harness connector and ground

&

Cﬁﬁﬁ Technical
[ | Institute « 52 —»

+) Results Normal?
Voltage YES -GO TO 2
Sunload sensor -)
(Approx.) l’
Connector| Terminal
Results Normal?
M107 1 Ground 5V NO - GO TO 4

5/28/2026

BOOR BSOR Doon
= MOTOR MOTOR MOTOR —12 sunoan 1 VEHIGLE
SENSoR (@ED) (D) ﬁ@a | SENSOR ) | SENSOR
b lisa 36 2| 4136 2] 2 8 1.4 #.m .m
: 7
L | TO
»LHEATED
| SEAT
1 - A1 (i)
LBJ ....... LJ ..................... {;“gla[u:u}..[gh}3;n|g'wm
HS
[T 11
28 23 12 31 11 30 21 29 10 9 28 1 4 57325 78 47 48 75 76 55 79 56 &4
S A/C AUTO AMP
1
CARQUEST Technical
[ | Institute “« 53 —»

Carquest Technical Institute PO 5-28-2026
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Diagnostic Procedure - STEP 2

= Check Continuity between Sunload Sensor and A/C Auto Amplifier
- Ignition switch OFF

= Disconnect A/C Auto Amplifier connector
- Check continuity between sensor and A/C Auto Amplifier harness connectors

&

Sunload sensor A/C auto amp. Results Normal?
Continuity YES-GOTO 3

Connector| Terminal | Connector| Terminal

M107 2 M50 78 Yes I

Results Normal?

Repair harness or
Connector

Cﬁﬁﬂ Technical
Insti
L | stitute <« 54 —»

Diagnostic Procedure - STEP 3

= Check Sunload Sensor
- Reconnect Sunload Sensor and A/C Auto Amplifier connector

- Inspect Sensor according to Component Inspection

= Result normal? YES - Replace A/C Auto Amplifier
= NO - Replace Sunload Sensor

o
CARQUEST Technical
Institute’

Carquest Technical Institute PO 5-28-2026 27
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Diagnostic Procedure - STEP 4

= Check continuity between Sunload Sensor and A/C Auto Amplifier
- Ignition OFF
= Disconnect A/C Auto Amplifier connector
- Check continuity between sensor harness connector and A/C auto amplifier

connector
Sunload sensor A/C auto amp.
Continuity 2
Connector| Terminal | Connector| Terminal Results Normal *
YES-GOTO 5
M107 1 M50 47 Yes

- Check continuity between Sunload Sensor harness connector and ground

Sunload sensor Results Normal?
—_ Continuity N O

Connector| Terminal

Repair harness or
Connector

M107 1 Ground No

o
CARQUEST Technical
q Institute

<+ 56 —»

Diagnostic Procedure - STEP 5

= Check Sunload Sensor Power Supply circuit for Power Short
- Ignition Switch ON
- Check voltage between sunload sensor harness connector and ground

(+) Results Normal?
Voltage YES -
Sunload sensor -) Replace A/C
(Approx.) auto amplifier

Connector| Terminal

M107 1 Ground oV Results Normal?
NO

Repair harness or
Connector

o
CARQUEST Technical
Institute’

< 57 —»
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Wiring Schematic 1

iGNITION swiTcH| (GNITION SWITCH
ORON ONG AT |

B>
>

1
INTELLIGENT KEY
UNIT

3

DATALINE

DISTRIBUTION
ENGINE

&
1Y 104 —
24 1 IPDM E/R (INTELLIGENT
[ oo = Euad|
=
w7 [ ¥z
[
il 1
i M e
B : : ‘ COMPRESSOR
OWER &) Il 4G
OTOR 1
5 \ 1 .2
aermoenant| I 1 G
PRESSURE ' ‘zs
SENSOR - &)
2 1
il 3
' GD
1
L. DATALINE
[

78, M61
554 3 70
ACAUTO AP
s
PIN.OUTS MAY BE IN NO SPEGIFIC ORDER ON A COMMON BUS BAR IN JOINT CONNEGTORS )

o
CARQUEST Technical
Institute’

<

AIR MIX MODE :;gsa[
DOOR DOOR 2
pGToH MOTOn MOTCR ] 2"5LIN‘C‘!\D = N-VEHICLE
SENSoR @ ((ED) (D) SENSOR l_ NSOR
1.4 3 6 2| |41 8 6 2] 2 B 1 4
| TO
PLHEATED
| SEAT
TO
HEATED
STEERING
WHEEL
HS
26 ] 12 31 11 30 21 29 10 9 28 4 57 25 78 47 48 75 76 79 56 64
AC AUTO AMP
o
Cﬁ EST Technical
Institute’
= < 59 —»
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"
&
@ 1 1 I
I
0 w0 08 10 5
s Mrﬂ =1
s |s i i ) e
L2 [ W, 1o = C LA, : BCM (BODY CONTROL MODI
|RECAY-1 1| FECAY-2 RECAY- : (r8) (o8 (39) (u1on)
=) ‘% |I'E5) <pH>[ M@) & | E
e 1T T :
al
=
=
prc
[iren
—e
SR &) e
q Insttute
< 60 —»

: WITH PTC

{S8W) : WITH HEATED STEERING WHEEL

| TO
e s
]

CAN SYSTEM

Camm : CAN COMMUNICATION LINE FOR DIAGNOSIS
<HS» : WITH HEATED SEATS

Diagnosis By Symptom

= Listen to the customer carefully!
- Diagnosis DOES NOT have to be DIFFICULT

+ Symptom Diagnosis

» Compressor Does Not Operate

» Heater and Air Conditioning
System Control Symptoms

Diagnosis Chart By Symptom

» Insufficient Cooling

» Insufficient Heating

Check
DTCs
FIRST!

Note:

@

o
CARQUEST Technical

Diagnosis Chart By Symptom

Perform the self-diagnosis with CONSULT before performing the symptom diagnosis. If DTC is detected, perform
the corresponding diagnosis.

q Institute

< 61 —»

5/28/2026
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Diagnosis by Symptom - Example

Note:

@

the corresponding diagnosis.

Perform the self-diagnosis with CONSULT before performing the symptom diagnosis. If DTC is detected, perform

Symptom

Corresponding malfunction | Reference
part

AJC compressor does not operate.

o
CARQUEST Technical
Institute’

Circuit between magnet | Refer to Diagnosis
clutch and IPDM E/R Procedure.

Magnet clutch
IPDM E/R

Circuit between ECM
and refrigerant pressure
sensor

Refrigerant pressure
sensor

CAN communication
circuit

AJC auto amp.

<+ 62 —»

Automatic A/C Initialization

3:10PM B Y-

< Show Menu

Temperature Setting Correct

© ¥ m85%

5 1a.72v o@

Blowing-In Setting

Evaporator Target Temperature Upper Limit Setting

Intake Air Conversion Setting

Air Flow Decrease Setting

Nissan KicksSV 2022 VIN 3N1CP5CV8NL513930

o
CARQUEST Technical
q Institute

Stop/Start System Operation Cond Setting

NISSAN V10.52 > Common Special Function >Automatic air conditioning initialization >

<+ 63 —»

Carquest Technical Institute PO 5-28-2026
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Information Screen

(E 5T Technical
q Institute”

Information
Corrects The Controlled Temperature Of Auto Amp. For
The Preset Temperature When The Actual Discharged Air

Temperature And Passenger's Sensible Temperature Are
Different.

Cancel “

< 64 >

Execute Function

(E 5T Technical
q Institute”

3:12PM B Y-

< Brush Hidden/Modified 5 14.60v o @

Item Value Help Information

Evaporator Target Temperature Upper

Limit Setting Initial Setting

Nissan KicksSV 2022 VIN 3N1CP5CV8NL513930
> Common Special Function >Automatic air conditioning initialization >Evaporator Target Temperature Upper Limit Setting

< 65 —»

© ¥ m84%

exec

5/28/2026
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3:13PM A U

Successfully set

CE 5T Technical
q Institute”

Information

< 66 >

Temperature Setting Trimmer

Work support items Display (°F) Display (°C)

TEMP SET CORRECT 6 3.0

5 25

4 20

Note:

0]

temperature setting.

temperature may be cancelled.

When the temperature setting is set to 25.0°C (77°F) and -3.0°C (-6°F), the temperature controlled by
auto amp is 25.0°C (77°F) —-3.0°C (6°F) = 22.0°C (71°F) and the temperature becomes lower than the

When the battery cable is disconnected from the negative terminal or when the battery voltage
becomes 10V or less, the setting of the difference between the temperature setting and control

ar-ic)

-6 -3.0

CE 5T Technical
q Institute”

< 67 —»
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Sensor Calibration Erro

= Check them agai

8:22AM M U-

< Data Stream

nst themselves

Ambient Sensor Calculation

66.2(degree F)

ENG Coolant Temp

141.8(degree F)

Intake Air Temperature Sensor Calculation

75.2(degree F)

22 %ay Yiay Yy a5 Pty Yty %oy 7 %15

Interior Temperature Calculated Value

75.2(degree F)

Nissan KicksSV 2022 VIN 3N1CP5CV8NL513930
1, Heater & Air Conditioner > HVAC (Heating Ventilation Air-cond

CE 5T Technical
q Institute”

< 68

Evaporator Air Temperature Sensor

75.2(degree F)

s Uiy ey gy gy %y %y 5

—>

IN-VEH Temp
75.2(degree F)

0 Tisy Uiy Uiy Vigy Oigy Uiy @

Save Sample

SUNLOAD
SENSOR RH

SUNLOAD
SENSOR LH

LH FRT
SN#1

LHFLR
SN#2

RH FRT
SN#1

CE 5T Technical
q Institute”

HEATING, VENTILATION
AND AIR CONDITIONING
(HVAC) CONTROL MODULE
151-22

HVAC

Control Module

BODY
CONTROL

MODULE (BCH)
15

G ——

VH417  YE-OG

™ VLF14

3
3

BCM

SUNLOAD

o
3
[l

2 VH416  VT-GY.

h
T
'
i
1 FOOTWELLAIR
'
'
'
'
T

CENTER REGISTER
AIR DISCHARGE
TEMPERATURE
SENSOR RH

C2437

SENSOR
151-23

P

Sunload
Sensor

VH409  WH C2438 | -7 ]|, C2436  RHI1_GYBU
— ol [ F > 3
P i | Maalll| i

RH111

GY-BU

AUTOMATIC CLIMATE
CONTROL SYSTEM

RH111

GY-BU

RH111_ GY-BU

Carquest Technical Institute PO 5-28-2026
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Carbon Dioxide (CO,, Sensor

= Sense occupant respiration
- Increased CO, levels cause drowsiness
- Should be less than 1,000ppm
= 4 adult’'s commute - 6k ppm
» Lack of adequate ventilation

- Accounts for 10-30% of all automobile
accidents annually

= Automatic Climate Control
- Opens fresh air door
= Mitigates risk of high CO, exposure

= CO, Sensor

o

Hyundai Genesis

Cﬁ EST Technical
q Institute’

< 70 —»

[CO;, CONCENTRATION | Fresh/ Rec‘:rculation}

| 2000ppm [ 100% FRESH]
| 17sopPm e [ 70% FRESH |
[ 1s00pPM [ 50% FRESH |
400-700 PPM (S8
l . (Normal CO,) | | _

HTR CONTROL
(to monitor CO, cabin concentration)

HVAC (to control freshirecirculation)

Cﬁ EST Technical
q Institute’

71 >
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Hyundai Genesis

HOTATALL TIMES HOTINON HOTIN ON OR 6TART | [HOTATALL TIMES

METALCORE +CORE. p! See Power Distriaution
+BLOCK (FCE #1) $BLOCK > enno
]

AICON

{0k 1DEVICE

See Passenger
c Fuse Details
(SD120.%)

0308 03618

v
'
'
'
'
'
'
'
'
'
'
'
'

7777777777777777 v
28 2 Soe Pasaenger
omparment
0308 0308 a3om || azowne —PFuce Details
2R 05710 (S01209)
2f M42 I
ON Input fobER, ON It DAl
O]
= D Seom o
I} ignal _Gro
i e —— & TCINT
5 1 1 ' 1CONNECTOR
g o3Lfl ozzerll 038 e
2
0P
124
_— 0.3610
(Field Effest
Transistor)
P12
1013
El ] i1
asfl osfl ose
s s 7)) [Mn3A R MoiB 7 fMons 33f 15| MoB
GATE  DRAIN Blower Diagnosis  Clean €02 Sensor ON  ONJSTART Memory
BST Technical = T Motor (+) Signal Signal Input Input Power
Institute’ (Ei

Cluster lonizer

EST Technical
Institute’
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Humidity Sensors

= |[nside Vehicle

- Relative humidity at windshield

- Temperature of windshield

- Temperature of humidity sensor element
= Contained in one assembly

- Hard wired to HVAC Module

Cﬁﬁﬁ Technical
[ | Institute «— 74 —»

_______________________________

X35 T 1 4 2 5

CCCCCC

____________________________

Rain Sensors

= Rain Sensor

- Senses rain build up on windshield
= Communicates with BCM

- Via serial data

- BCM commands wipers to activate
= Wiper/washer switch

- Controls Wipe sensitivity frequency
set by delay function

- Vehicle speed increases frequency

o
CARQUEST Technical
[ | Institute

< 75 —»

r— K9
Body

I I Control

| | Module

L

_—

= B117
Rain
Sensor

r—=—1
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e — e Hot in Start or Run
V| MODULE e BODY
' 1| 15121 MODULE i | CONTROL
! COMMUNICATIONS 1 | MODULE (BcM
' ( )
i ! NETWORK Ry
! 1 | | C228A vDROS_GY-0G S 1
: MSCAN+ = B
' . 141
: Ve VDBO? VT-0G N &
' H
g \
: il 8l
' it EVAPORATOR &
! | DISCHARGE AIR o>  power
: i CEMPERATURE DISTRIBUTION /BCM
! 'l s217
d s 15124 AUTOMATIC CLIMATE == 1345
| s |k CONTROL SYSTEM
H
' SENSOR [A> 2 8lls
' : it
:
' ) sl cooar
! ] AUTOMATIC CLIMATE 4 R
| ! CONTROL SYSTEM I -
: ! LHiti BNWH C [ TEMPERATURE /
! | 552 @_=.4r77 HumoIy
' B 3 HUMIDITY 15121
: | i SENSOR
H HUMIDITY | | C228B VH413 WH
! SENSOR - —~
! a8 A
1 b e [l
' IN-VEHICLE TEMP | [\ VH414 GN J | (92247
' SENSOR T :}29 2‘; B i
' e AUTOMATIC CLIMATE = el
' i CONTROL SYSTEM | Sl
' i |H RH111_GY-BU ' ofla
' o 52 (B
: v 5 G200
i il — 108
0 |
|
o '
I i c248 »
: ass el | CH213 BN-GN CH213 BN-GN  C2092 FERBERATIRE
: DOOR CoW 7 5 — BLEND DOOR
H PASS TEMB. CH212_BU-0G | CH212_BU-0G ) RHSIDE
! DOOR CW 72 5 % 151-24
12 6 ]
! s AUTOMATIC CLIMATE ! !
! i CONTROL SYSTEM ! !
i LH111_ BN-WH ] LH111_ BN-WH
‘ il 52 (£ s <l
1 1 s % | 1n
X 1 I 1
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i dl = AUTOMATIC CLIMATE = =1
i CONTROL SYSTEM 1 1
EST Technical | 1 RH111_ GY-BU ' RH111 _GY-BU !
Institute B ! 82 { ¢ € k¢ A8

Ford Rain Sensor - Example

= BCM Powered off Run/ACC Relay

e
812
- Non serviceable 0]
I
e ey wpers o
Hot at all times . E%C‘S‘%’; S
—————————————————————————————————————— - | BoDY s
F10 CONTROL i _-1:3?{“: [ﬂ
10A MODULE (BCM)
14

(Non-serviceable)

;
i

|

i

|

i

:

: RUN/ACC
i osceh RELAY

|

i

|

|

|

i

|

C2280F
with rain sensor
TS TS TS TTT ST TS TTT TS T ST T TSI T T T e e |
$122 1 CDC64 WH-BU WIPERS AND ;
0 WASHERS 1
! 814 X 3¥cots
i
6} coto
GD233_BK
EST Technical S0
Institute

<+ 78 —»
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LIN Bus Analytics

Hot in Run or Acc
with Front Wiper Relay

engaged
____________________ STEERING COLUMN
; + | CONTROL MODULE WIPERS Bl VAoHERs
i 1| sccm
e e S e e e i A
| MULTIFUNCTION 0
11 SWITCH i WIPERS AND WASHERS
" il Wbisalin i all <
¥ i I
e mmm s g|E WINDSHIELD
‘ MoTOR
i 8l c1zs
' 1512
| FRT WIPER HI
JIRTARERE Lt o
2
2y RR WIPER MTR
of iz "
H I '
" g 4 E353 RR WASH RLY
: B ¢
( Il tvones veay | |un
C218A h—
\ stio o
th rain sensor '
' CRWIS_BNWH i| | HimeuT
c2414C S 47 1
Police option
Sonm LoGic PWR
Steering Column|
14401 Control Module Llsid SNB SD)
(scem) B By e R R
i : : 1=
MOTOR ==z
1512 HH
care0 i B i
812 CRW23 VT-GN 7 c137
- s o als
€24148 1 2 ﬂlw gle
] &l B

o
CARQUEST Technical

Institute Ysm:

Checking Rain Sensor

o
CARQUEST Technical
q Institute
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2019 Chevy Bolt EV

Uses Three Independent
Cooling Systems

Cﬁ 5T Technical
q Institute”

= Cooling System Loops

= More than one reservoir
- Energy Storage (HV Battery)
- Power Electronics
- Heater Core

Hybrid & EV Cooling Systems

2019 Chevy
Bolt EV

Cﬁ 5T Technical
q Institute”
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E/V Battery Temperature Sensors

csa
HybridEV.

Battery.
Module 1

5406
T
CSB
Hybrid/EY
Battery
Module 2

5407 5408
L2 T
CSE
MHITEY,
atieny
Module 5™

I
I
I
I
I
I
1
I
1
|
I
|
I
1
I
I
I
B32A
| | Hybrid £V
| | H Battery
I I ] sensor 1
1 1
I
I
I
I
1
I
1
I
I
I
|
I
I

o
CARQUEST Technical 1
[ | Institute

T30 T iTTesec '; i g ';
HybridEV | HybridEV i

‘H Battery " | r{/r Battery | I IH' Battery |

] seneors T sembersre | 1 Tl soneora e

1 I I

IHTE 3TE
BEWH BKWH
ay T TTTTTTTTTT 14

Hybrid/EV I

] |saery 1
Temperature

ensor B 1

1

i B32E R
| Hybrid £V 1 1
. [sawery 1
1] 7| Temperature 1
i Sensor § o
g L

B32F

Sensor

H

Scan Tool View

V2.40-10.10 =8

Name @ 0 items selected

Hybrid/ev battery 1 &2
Hybrid/ev battery 2 &2
Hybrid/ev battery 3 &4
Hybrid/ev battery 4 &
Hybrid/ev battery 5 &2

Hybrid/ev battery 6 &2

Chevrolet O

Hybrid/ev batt. pack cInt. temp. sensor 1 &

Chevrolet > Automatic selection > Control unit > Battery energy control module > Live data

71.6

71.6

716

73.4

71.6

71.6

69.8

=
& v

[-40.00...419.0
0]

[-40.00...419.0
0]

[-40.00...419.0
0]

[-40.00...419.0
0]

[-40.00...419.0
0]

[-40.00...419.0
0]

[-40.00...419.0
0]

Q
E312.7V

Uni
F
EE
il
e
S
eE

°F

o
AR
[ | Institute
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E/V Battery Pack Coolant Heater
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Battery Pack Coolant Pump

o
CARQUEST Technical
[ | Institute
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Chevrolet O L @

V2.40-10.10 = Q E‘ = B Lg

Chevrolet > Automatic selection > Control unit > Hybrid/ev powertrain control module 2 > Active test [ 12.4v

Hybrid/ev battery pack coolant pump(Temperature)

Hybrid/ev battery pack coolant pump command 50 %

Average hybrid/ev battery pack temperature 71.60 =

Hybrid/ev batt. pack cint. temp. sensor 1 78.80 °F

Hybrid/ev battery pack coolant pump feedback 50 %

Hybrid/ev electronics coolant temperature 75.20 iE

Hybrid/ev electronics coolant pump command 6 %

Hybrid/ev electronics coolant pump feedback 0 %

Hybrid/ev electronics coolant pump speed 50 RPM

Hybrid/ev battery pack heater power command 0 %
VIN: 1G1FW6S07P4119071
Info: Chevrolet/Bolt

Increase  Decrease ESC
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E/V Electronics Cooling
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Coolant Pump Active Test

Chevrolet > Q = @
V2.40-10.10 = = & a Lg
Chevrolet > Automatic selection > Control unit > Hybrid/ev powertrain control module 2 > Active test & vow 3125V
@ Ecuinformation Hybrid/ev electronics coolant pump(Temperature)
Hybrid/ev electronics coolant pump command 30 %

¥, Trouble codes

/v electronics coolant pump ¢

|~ Live
o Hybrid/ev electronics coolant pump feedback 50 %
- I o
. Hybrid/ev electronics coolant pump speed 1350 RPM
ial f tior

Ambient air temperature 71.60 E
Maximum hybrid/ev battery module temperature 73.40 °F
Minimum hybrid/ev battery module temperature 71.60 GE
Hybrid/ev batt. temp. sensor with max. value 14
Hybrid/ev batt. temp. sen. with min. value 1

VIN: 1G1FW6S07P4119071

Info: Chevrolet/Bolt

Increase  Decrease ESC

EST Technical
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Cooling Fan Motor Active Test

o
CARQUEST Technical
Institute’

Chevrolet & o4 ¢ = @
V2.40-10.10 5] G = &
Chevrolet > Automatic selection > Control unit > Hybrid/ev powertrain control module 2 > Active test

Cooling fan motor(Temperature)

-]

@& vam 31124V

Cooling fan motor command 20
‘Cooling fan motor command

Ambient air temperature 71.60
Maximum hybrid/ev battery module temperature 73.40
Minimum hybrid/ev battery module temperature 71.60
Hybrid/ev batt. temp. sensor with max. value 4
Hybrid/ev batt. temp. sen. with min. value 1
Average hybrid/ev battery pack temperature 71.60
Hybrid/ev batt. pack cint. temp. sensor 1 84.20

VIN: 161FW6S07P4119071
Info: Chevrolet/Bolt

< 89 —»

Increase

Decrease ESC

In-Car Temperature Sensors

= Chevy Bolt E/V = Wiring Function
oo
I
| !
URETTTRILLIIIR
1
% Pin Size Color Circuit Function
ﬁperature
] Bk
3 s oL 1 — BK/YE 407 Sensor Low Reference
2 — — — Not Occupied
3
% 3 — GY/GN 516 Upper Left Air Temperature Sensor Signal
Temperature
ﬂ Sensor -
Duct Upper
1
407 407
BKYE BKYE
CE EST Technical A2
[ | Institute < 90 —»
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Application of PTC Thermistors

20

= Self Regulating Heaters Resistance
- Maintain steady temperatures A
* By increasing resistance HIGH
= Temperature Sensing &
- Predictable resistance rise
= |deal for temperature monitoring
= Overcurrent Protection A LOW
- Increases resistance
= Circuit protection Temperature
= Acts as resettable fuses

CEEST Technical
Insti
q stitute’ “« 91 —»

P.T.C. Heater - BMW Example
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oo

SRR
R
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P.T.C. Heater - 2021 Jeep G.C. Example

= 3.0L Diesel Engine

= Split into 3 banks
- Driven separately
= By alternator load

» Banks are alternated

o
CARQUEST Technical
Institute’

- Mounted in HVAC housing - All Module Scan
- Controlled by PCM and BCM = BCM, PCM and HVAC

= Allows for lower in-rush current - B10B3-14 Cabin Heater 1

- 10 seconds after previous one
- Wattage output between 900-1050 W.

= Always check for DTCs FIRST!

= BCM receives CAN bus Message
from PCM

= BCM controls ALL PTC relays

- B10B7-14 Cabin Heater 2
- B1137-14 Cabin Heater 3

< 93 —»

BCM - Diagnosis & Testing morolOGIC

REPAIR & DIAGNOSTICS

2021 Jeep Grand Cherokee « Backto Car

v Module, Body Control (BCM) = °

v Diagnosis and Testing

B10B3-14-Cabin Heater 1 Control- m
Circuit Short to Ground or Open

B10B7-14-Cabin Heater 2 Control-
Circuit Short to Ground or Open

B1137-14-Cabin Heater 3 Control-
Circuit Short to Ground or Open

B1208-11-Anti-Theft Indicator-Circuit
Short to Ground

B1208-15-Anti-Theft Indicator-Circuit
Short to Battery or Open

B1609-11-Panel Dimmer Input-Circuit
Short to Ground

B1609-15-Panel Dimmer Input-Circuit
Short to Battery or Open

E‘ Print ﬂ Bookmark @ Article]

Service Information > 28 - DTC-Based Diagnostics > Module, Body Control (BCM) >
Diagnosis and Testing > B10B3-14-Cabin Heater 1 Control-Circuit Short to Ground or
Open

B10B3-14-CABIN HEATER 1 CONTROL-CIRCUIT SHORT TO GROUND OR OPEN

For a complete CABIN HEATER SYSTEM wiring diagram, (refer to the Wiring Information) .

Theory of Operation - Relays

In diesel applications there are three Positive Temperature Coefficient (PTC) Relays, located in the Power Distribution
Center (PDC) Assembly, are used for the PTC Cabin Heater System. The PTC Relays are used to supply fused
battery voltage directly to the heating elements of the Cabin Heater. When the Body Control Module (BCM) receives a
PTC Cabin Heater System activation CAN Bus message from the Powertrain Control Module (PCM), the BCM
provides a ground signal, through the PTC Relay Control circuits, to activate the PTC Relays. When the PTC Relays
are activated, a voltage output is sent to the Cabin Heater through the Fused Cabin Heater Supply circuits.

o
CARQUEST Technical
[ | Institute
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P.T.C. Diagnostics

= Check with Ohmmeter

- Check each P.T.C. heater
terminals

- Should be continuity

= Post Repairs
- FOLLOW service procedures

= Open and close door -WAIT 30
seconds

= Module sleeps - Then Recheck
= Hood Open - Will NOT Work!

o
CARQUEST Technical
Institute’

= |gnition OFF - Disconnect Scan Tool

540H Hybrid Mul
HOLD ey

< 95 —»

CABIN HEATER SYSTEM

CABIN HEATER SYSTEM

o
CARQUEST Technical
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Blower Motor Current Test - Stepped Resistors

Medium Speed 3

CE 5T Technical
q Institute”

< 99 —»

High Speed
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HVAC Door Actuators

= High Failure rate item
- Noise complaint

= Be cautious when quoting labor
- Replacement procedures vary
= Premature failures
- Pencils, pens, crayons, coins
= Can cause latent failure
- Before replacing actuator...
= Check door moves freely

= Actuator WARNING
- No internal stops - Easily damaged

CE 5T Technical
q Institute”

< 101 —»

CE 5T Technical
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Schematic Diagram

= A/C Compressor
- Pin 2 is from A/C Clutch Relay Pewy

= Case Grounded

- Pin 1 and 3 - from Climate Control

U t AIC 2 3 1 =
n I Eﬁ'cnp’ess"’ [IA] [1A] [IA]
7§ B AR

- 3 Phase High Voltage B, [
= Wired to A/C Compressor Driver I H
» Pin 1 (Lt Blue Wire) e e
- 7.5A fuse to Ignition Switch Wi ke T!Md
A818 a2 1 3

o
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Honda Hybrid A/C Compressor - Dual Control

All parameter =
4items selected
B accuch ©

4 A/C Gompressor Command &
New Energy HV Pack Test Health Evaluation Diagnostics B4 W A compressor Speed(RPM)

B A/C Compressor Speed Command(RPM)

HV Component Test Service Remote Expert Update

A & B 0 6 @ N e & O T T

o
CARQUEST Technical
[ | Institute

< 108 —»

(ﬂ-ﬂmﬂ Technical 2013 Ford Explorer
P> Institute’ Driver/Operator Complaint

With A/C On:

ger side air is warmer than Driver side

Carquest Technical Institute PO 5-28-2026 52
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Verification & Validation

= July in NC - 2023
= Ambient Temperature - 81°F
= At Idle in Park
= A/C ON - Set to Low Temp setting
- Synced
- Left side center discharge reading
= Temperature is decreasing 58° F
= Hand test comparison left to right
— Left side duct is cold
— RIGHT side is much warmer

o
CARQUEST Technical
q Institute

< 122 »

Temperature Checks

= Comparison
= Now What?

OI% ESTTr.- hnical
Institute

< 123 —»
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Technician Direction

= RRR Machine - Performance Test
= Scan Tool - Check DTCs and analyze data
= Tell customer to put passengers in rear seat!

< 124 >

Automatic 02:28:10 07/14/23

HS Press: 142.78 psi Max HS Press: 164.70 psi
LS Press: 37.24 psi : Min LS Press: 36.86 psi
Temperature: 72.59 °F

Humidity: 53 %

Wait for values to stabilize and confirm to capture

v X

o
CARQUEST Technical
Institute’
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Scan Tool Time - Vehicle ID

EST Technical
Institute

Ford > o - @D

V2.31-4.80 a ﬁ“# Q 'él N B Lg

Ford > Automatic selection @ vams 3149V

g Avtomat Vehicle Information

selection

9 Manual selection Vehcle Exblorer
Engine Type TivVCT
Capacity 2L
Transmission Automatic
Fuel Type Gasoline
Emission level Federal Emission
VIN(Vehicle identification number) 1FM5K8F87DGC93772

VIN: 1FM5K8F87DGC93772
Info:
ESC

< 126 —»

EST Technical
[ | Institute

Ford O < = @
V2.31-4.80 = ﬁ‘* a E‘ = B Lg
Ford > Automatic selection > Auto scan > HVAC (Heating Ventilation Air Conditioning) > Trouble codes @ vamb R 14V
ECU information Fault Codes(2)
&, Trouble codes

B1082:07-0A CMDTCs Right Temperature Damper Motor
K Live data

B1082:13-08 CMDTCs Right Temperature Damper Motor
& Active test
VIN: 1FM5K8F87DGC93772 d
Info: Ford/Explorer/3.5L/TiVCT Intelligent Erase Rea

i a rch E!
diagnostics Searc codes codes SC

< 127 —»

5/28/2026
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HVAC Data - Alphabetized PIDs

Ford > Automatic selection > Auto scan > HVAC (Heating Ventilation Air Conditioning) > Live data

@ ECU information

“}‘-\’FA Trouble codes

@ Active test

o
CARQUEST Technical
Institute’

Name @ 5 items selected

A/C(Air conditioning) Recirculating Servo
Position Status

Air conditioning clutch &

Blower Motor Speed Q

Diagnostic Trouble Codes 2

ECU(Electronic control unit) Operating States &)
ﬂ Evaporator Temperature 2

Front Blower Relay &)

Heated Front Screen &)

Heated Washer/Jet Mirror &4

B = E o J‘j«,
0= o= 2

Show Graph
Cancel All Selected Merge o Top

< 128 —»

Recirc

Engaged

46.27

Default

46.4

off

Off

Off

. sia' >
m &

Setting Clear Data

Freeze

@& v
[-40.00...212.0
0]
Record Review

3140V

-«

Back

Left Blend Door Position PIDs

Ford > Automatic selection > Auto scan > HVAC (Heating Ventilation Air Conditioning) > Live data

@ ECU information

l@n Trouble codes

&9 Active test

o
CARQUEST Technical
[ | Institute

Name 9 5 items selected

Hevac LIN Power Supply &)
Ignition Key Status (2

Interior Temperature Sensor &

<

Left Blend Door Position (Cold/Warm/Hot) &2
B4 Left Blend Door Position (%) &

Left Heated Seat - Climate Control Output )
Magnetic valve (+]

Module Supply Voltage &9

Pollution Sensor and Rear Air Conditioning Power
Supply

oE o= 9
o= G=

Show Graph

Carcaldl Selected Merge

<+ 129 —»

To Top Setting Clear Data

Off

Key in/Run

73.4

Cold

117

off

Off

Freeze

@ vaw
[10...15]
Record Review

E3 141V

%

«

Back
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Right Blend Door Data PIDs

Ford > Automatic selection > Auto scan > HVAC (Heating Ventilation Air Conditioning) > Live data

ECU information Name G Sitems selected
= Rear Temperature Flap Position &
o7, Trouble codes

£4 Right Blend Door Position (Cold/Warm/Hot) &
Live data

N E4 Right Blend Door Position (%) &
@ Active test
Right Heated Seat - Climate Control Output &9
Solar Radiation Sensor (Left) &2
Solar Radiation Sensor (Right) &
Unfiltered External Temperature Status (<)

Water pump &9

air mode actuator ()

= 2= > ohe
6= |c= | A +
Cancel All She Sraph

Selected Merge jfofor petiing

o
CARQUEST Technical
Institute’

< 130 —»

Clear Data

Cold
Hot
100
Off
20
20

71.6

Off

Freeze

& vaw 3
[0...100] %
[0...5000] W
[0...5000] w

°F

=7 -~

141V

Record Review Back

Selected Parameters

Ford O > - @

V2.31-4.80 a Lo '- Q '%' \ </ B Lg

Ford > Automatic selection > Auto scan > HVAC (Heating Ventilation Air Conditioning) > Live data & vaws

Name @ 5 items selected

a Left Blend Door Position (Cold/Warm/Hot) & Cold

E4 Left Blend Door Position (%) (%) & Sety 117 e @y
03159 04:00 04:02 04:04 04€ 040 0408

E Right Blend Door Position (Cold/Warm/Hot) &) Hot

£4 Right Blend Door Position (%) (%) & setv | 100 | ,®Rx Ry

04:00 04:01 04:02 4:03 04:04

o
CARQUEST Technical
[ | Institute

<+ 131 —»

040 04:08

Q

141V

"]
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What do we see?

Ford > Automatic selection > Auto scan > HVAC (Heating Ventilation Air Conditioning) > Live data & vame [EF14V

e 9 5 items selected

a Left Blend Door Position (Cold/Warm/Hot) &) Warm
B4 Left Blend Door Position (%) (%) & sety | 3372 |,@x Qv | =
K2
KN
0 X
) ) 0436 04 14:46
a Right Blend Door Position (Cold/Warm/Hot) &) Hot
E4 Right Blend Door Position (%) (%) & Sety 100 |, QX @y =
i 3]
> N
; X

04:30 04:32 04:34 04:36 0438 04:40 04:42 04:44 14:46 04:48

o= = e & = €A A
o= s= 14 4 ¥ W © W ~y
Cancel Al Show all ar:rz}; To Top Setting Clear Data Freeze Record Review Back

o
CARQUEST Technical
Institute’

< 132 —»

What have we Confirmed?

Ford > Automatic selection > Auto scan > HVAC (Heating Ventilation Air Conditioning) > Live data & vam 141V
Name @ 5items selected R Jnit
a Left Blend Door Position (Cold/Warm/Hot) &) Hot
B4 Left Blend Door Position (%) (%) & SetY 97.25 | L,AX Ay =
100 K2
ey
X
054 ) 2 0554 055 05: 16:00 06:¢ 06:04
a Right Blend Door Position (Cold/Warm/Hot) &) Hot
4 Right Blend Door Position (%) (%) & SetY 00 | L,&x LAy | =
100
0548 ) o 05:58 ) 06:04 060
B= LU= -~ ® ! — e —
= = 4 4 nm —
Cancel Al Show all slraph To Top Setting Clear Data Freeze Record Review
lerge
1
CGARQUEST Technical
[ | Institute <— 133 —»
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Understand the System

= Module Communication

- Networks
= HVAC Module
= Body Control Module

= Components Involved

o
CARQUEST Technical
q Institute’

- 5 wire Blend door actuator RH
= Labor involved to R&R if necessary

= Automatic Climate Control System

< 134 —»

o
CGARQUEST Technical
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2023 Prius Prime - Compressor

o
CARQUEST Technical
[ | Institute

= Specifications
- HV (201.6-AC) Variable Speed
- Electric Scroll Type
- Start Up/Max - 3-4 kW
- Steady State - .8 - 1.5 kW
= Minimum Load 300-500 watts
= Controlled via Inverter
- Regulates frequency of AC
= Meets cooling demand efficiency
- Discharge 34cc

< 136 —»

EV Compressor Vital Signhs

5/28/2026

V3.60-6.70

All parameters ¥

3 items selected

4 Blower level ©

Toyota O e ! ()
y = o] = B = Q
Toyota > Automatic selection > Control unit > Air conditioner > Live data & v 14.2V
- ®
1

B4 compressor actual speed (rpm) @ Sety 1892 |L,AAXx Ry | =
K2

/—/—/lf) €N

X

12:1C 12:12 12:14 1216
a Compressor target speed  (rpm) &) SetY 1946 |, @ x m Ay =

Institute’

o
CARQUEST Technical
L |

< 137 —»

Carquest Technical Institute PO 5-28-2026

60



HVAC Sensor and Actuator Technologies 5/28/2026

Recorded View - Merge Graph

Toyota O o Q = ) B
V3.60-6.70 = ] = \ L_n Q
Toyota > Automatic selection > Control unit > Air conditioner > Live data & v 14.2V

All parameters ~

3 itemns selected Name @
E4 W Biower level) 1 . @ X " @y =
B Compressor actual speed(rpm) 0
B Compressor target speed(rpm) 0 K7
2310 2811

17325 -| 17332
5

o
CARQUEST Technical
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A/C Compressor Power in Watts

Toyota Ry ) o ,ﬁ - @
m}’nm =H S =t B = Q
Toyota > Automatic selection > Control unit > Hybrid control > Live data & vam 5142V
B Air conditioner consumption power(Kw) 0.45 —
2 @X 4 &Y =
NK
K
X

o
CARQUEST Technical
Institute
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What are Normal Pressures?

e

PR

5T Technical
Institute’
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Training Solutions to Meet Your Needs

Carquest Technical Institute (CTI) provides world class training to automotive service professionals. CTI work to develop and deliver technical and business management training to shop owners, service
advisors, service managers, and technicians. The CTI training advantage combines industry leading instructors, premium and relevant course content, and training that supports best practices

We offer In-Person Instructor-Led Training, In-Person Virtual Training via our Virtual Classroom and Self-Paced Online Training solutions to meet your busy schedule and needs.

Search by Course Type:

Virtual Classroom Courses In person Instructor Led Courses Online Self Paced Courses

Virtual Classroom is live, instructor-led

training delivered via Zoom. Virtual Classroom Unlimited for TechNet members 582 Virtual Classroom Unlimited
 Learn new skills from CTI's experienced  Access to all Virtual Classroom courses for all technicians working at your * ihacess 0 all Virtial Classoom cotinses foral techniclahs-working atyour

instructors shop. P

® Subscription renews monthly. No long-term committment - cancel
« See live demos, view shared scope screens, ® Subscription renews monthly. No long-term committment - cancel .
. . anytime,

and interact with instructors njtime,
« Join from the cornfort of your home o $69.00 usp / month $99.00 usp / month

wherever you are VCU-MONTI-TECIHINET U MONTIH

* 15+ classes every month
y to cart

Filter Virtual Classroom Courses

Filter course by keyword

Filter by Instructor v
. -

12 Results Found

Clear Search
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