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HVAC - Sensor and Actuator Technologies

2

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
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Sense – Compare - Correct

 Before A/C Service

4

Sense – Compare - Correct

 During A/C Service  After A/C Service
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HVAC Sensor Overview

 Engine Compartment Sensors
– Ambient Air temperature
 OAT (Outside Air Temp)

– Air Quality Exterior 
– A/C pressure sensor (transducer)

 Electronic VD Compressor
– RPM sensor
 A/C Clutch vs engine speed

– Refrigerant Flow (volume) sensor
 More precise compressor control

 Passenger Compartment Sensors
– Temperature – NTC design
 Fresh air inlet duct
 Dash panel/footwell
 Evaporator
 Air Quality-Interior CO2

– Sun load Sensor (Photodiode)
– Solar load sensor

– Humidity/Rain
 Capacitance

6

Snowflake Indicator – WHY?

 NOT a malfunction!
– Algorithm provides driver warning

 Frost/Icy Road Conditions
– Temperatures are low enough
 40°F (4°C)

– Indicator light color status
 Amber/Red as it gets colder

– Chime (audible)
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HVAC - Fuzzy Control Logic

 Input Variables
– Passenger cabin temperature
 Actual vs. Setpoint
 Errors

– Humidity
– Outdoor air temperature (OAT)
– Solar Load 
– CO² levels

– Air Quality

 Fuzzification
– Data converted to fuzzy logic
 Slightly warm
 Very cold

 Rules
– If “THIS” then “THAT”
 If temperature is too HOT
 With Humidity High

– THEN reduce fan speed to Medium

 Fan speed Fast =70%

 Fan speed  Medium = 40%

 Fan speed Low = 20%

8

Defuzzification

 Precise control for Actuators
– Heater control valves, solenoids

– A/C compressor speeds

– Blower motor speed

– Blend and mode control doors

– Recirculation control door

 Vehicle Benefits
– Enhanced comfort
– Quicker response 
 Less over/undershoot

– Adaptability
 Driver and vehicle conditions

– Integration
 E/V thermal management
 Cabin climate control

– Energy efficiency
 A/C compressor optimization
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Automatic transmission assembly
transmission internal mode switch

Engine control module (ECM)

Input
A/C EVAP temperature sensor 

HVAC module

Body control module (BCM)

System Functional Example

10

2018 Chevy Malibu – HVAC Logic

A90
Logic

A90
Logic

HVAC
Controls

Blower
Motor

HVAC
Control
Module



HVAC Sensor and Actuator Technologies 5/28/2026

Carquest Technical Institute PO 5-28-2026 6

11

Scan Tool View

12

A/C Request On
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Is the A/C On ? 

14

Are We getting Cold? 
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 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)

Ambient Temperature Sensor

Symbols

16

 Service Information

Ambient Temperature Sensor – Kia Specifications 

COLD

WARM

HOT

Ambient Temperature °C/(F) Resistance Between Terminals 1 and 2 (KΩ)
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Ambient Temperature Sensor – Chevy Bolt Specifications 

Temperature °C/(F) (KΩ) MIN (KΩ) MAX (KΩ)

68 6.24 6.1 6.38

18

Ambient Air Temp Sensor – Communication Logic

Ambient Air
Temperature

Sensor

I/O Pull-Up 
Resistor (+)
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Aftermarket Schematic - Confirmation

5V Reference Sensor Ground

20

ADAS and HVAC – Ford Bronco Example

 AAT Sensor Location/Placement
– Beneath side view mirror
– Away from the elements

 Systems
– Dual Automatic Temp control (DATC)
– Electronic Manual Temp control (EMTC)

 Parking Aid Systems (Europe ONLY)
– Speed of sounds changes
 Faster when warm
 Slower when cold

– Ultrasonic sensor reads proximity to 
objects more accurately
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Outside Temperature Sensor - Ford

Use Scan Tool to perform the reset

Must reset Learned Values after replacement

22

Schematic Confirmation

Ambient Air
Temperature

Sensor

Exterior 
Mirror

L/H

PCM

Driver Door
Module

BCM
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2022 Nissan Kicks – Ambient Air Temp Sensor

24

2022 Nissan Kicks - Scan Tool View - TOPDON
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Refrigerant Pressure Sensor – Nissan Example

 Converts high pressure into voltage
– Three wire pressure sensor
 Transducer 

– Read by Engine Control Module (ECM)
– ECM controls
 Cooling system protection
 Idle speed

– Low Pressure = Low Voltage (0) V
– High Pressure = High Voltage (5) V

Connector 
Portion

Signal Electrical
Processing

Pressure Detecting
Portion

Pressure

26

2022 Lexus UX 250h - HEV 

 Connections @ Pressure Transducer  DMM Measurements

A/C OFF

A/C ON
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2017 Kia Cadenza – Scan Tool View – A/C Off

28

2017 Kia Cadenza – Scan Tool View - A/C On
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A/C Pressure Sensor and Cooling Fans

30

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

 DTC B1422/22C 
 Compressor Lock Sensor Circuit

– SEE Service Information
 Engine running
 Blower switch: Low
 A/C Switch: On 

– Use Scope to validate signal
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Wiring Diagram

A/C Lock Sensor

33

A/C Evaporator Temperature

 NTC Design
– High resistance when cold
– Low resistance when hot

 Evaporator Cleaning
– Possible contamination

5V

R

Evaluation
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Scan Tool View

Digital Displayed Value
= Right Side Graph

35
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37

Ask ourselves a question? 
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39
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2022 Nissan Kicks – Service Information Video

41

A/C Auto Amp –Consult (Scan Tool) Function

Diagnosis Mode Description

5
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TOPDON Scan Tool

Module Information

Clear Fault Code Read Data Stream

Read Fault Code

Actuation Test Work Support

43

Scan – System Topology
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DTC - B249-15

45

 From Service Information

Use All Available Resources

Sunload sensor characteristic curve

Watts per
Square Meter

Lower Sunlight Higher Sunlight
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What's in a Name?

 Sunshine Sensor
– Nissan Example (In-Shop)

47

What does W/m^2 Mean?

W/m² = Watts per square meter
Measures amount of solar radiation in Watts
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 Ignition Switch ON
 Check voltage 

– Between A/C auto amp harness connector and ground.

Component Inspection - Sunload Sensor

49

 B24A9-15 Sunload Sensor – (Circuit Shorted to Battery or Open)
– Detected calorie at sunload sensor is 33 w/m² (28 kcal/m².h)

 Three Possible Causes
•Sunload Sensor
•A/C auto amplifier
•Harness or connectors

DTC Detection Logic
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Solar Sensor – Graph Mode

Sensor Actual and Calculated are Matched

51

Normal Sensor Behavior
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 Sunload Sensor Power Supply
– Ignition OFF – Disconnect sensor
– Ignition ON
 Check voltage between sensor harness connector and ground

Diagnostic Procedure – STEP 1

Results Normal?
YES - GO TO 2

Results Normal?
NO - GO TO 4

53

Schematic 2
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 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

Diagnostic Procedure – STEP 2

Results Normal?
YES - GO TO 3

Results Normal?
Repair harness or 

Connector

55

 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

Diagnostic Procedure – STEP 3
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 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

– Check continuity between Sunload Sensor harness connector and ground

Diagnostic Procedure – STEP 4

Results Normal?
YES - GO TO 5

Results Normal?
NO

Repair harness or 
Connector

57

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

Diagnostic Procedure – STEP 5

Results Normal?
YES –

Replace A/C 
auto amplifier

Results Normal?
NO

Repair harness or 
Connector
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Wiring Schematic 1

59

Schematic 2
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Schematic 3 

61

 Listen to the customer carefully!
– Diagnosis DOES NOT have to be DIFFICULT

Diagnosis By Symptom

Check
DTCs

FIRST!Diagnosis Chart By Symptom
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Diagnosis by Symptom - Example

63

Automatic A/C Initialization
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Information Screen

65

Execute Function
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Success

67

Temperature Setting Trimmer
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 Check them against themselves

Sensor Calibration Errors

69

Sunload
Sensor

BCM
HVAC

Control Module
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Carbon Dioxide (CO2) Sensor

 Sense occupant respiration
– Increased CO2 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 CO2 exposure

 CO2 Sensor

Hyundai Genesis

71

SAE Article
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Hyundai Genesis

73

Cluster Ionizer
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Humidity Sensors

 Inside Vehicle
– Relative humidity at windshield

– Temperature of windshield

– Temperature of humidity sensor element

 Contained in one assembly
– Hard wired to HVAC Module

75

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
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78

Ford Rain Sensor - Example

 BCM Powered off Run/ACC Relay
– Non serviceable
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LIN Bus Analytics

80

Checking Rain Sensor
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2019 Chevy Bolt EV 

Uses Three Independent 
Cooling Systems

82

Hybrid & EV Cooling Systems

 Cooling System Loops
 More than one reservoir

– Energy Storage (HV Battery)
– Power Electronics
– Heater Core

2019 Chevy 
Bolt EV
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E/V Battery Temperature Sensors

84

Scan Tool View
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E/V Battery Pack Coolant Heater

86

Battery Pack Coolant Pump
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E/V Electronics Cooling

88

Coolant Pump Active Test
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Cooling Fan Motor Active Test

90

In-Car Temperature Sensors

 Chevy Bolt E/V  Wiring Function
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Application of PTC Thermistors

 Self Regulating Heaters
– Maintain steady temperatures
 By increasing resistance

 Temperature Sensing
– Predictable resistance rise
 Ideal for temperature monitoring

 Overcurrent Protection 
– Increases resistance
 Circuit protection
 Acts as resettable fuses

Temperature

LOW

HIGH

Resistance

92

P.T.C. Heater – BMW Example
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P.T.C. Heater - 2021 Jeep G.C. Example

 3.0L Diesel Engine 
– Mounted in HVAC housing
– Controlled by PCM and BCM

 Split into 3 banks
– Driven separately
 By alternator load 
 Allows for lower in-rush current

 Banks are alternated
– 10 seconds after previous one

– Wattage output between 900-1050 W.

 Always check for DTCs FIRST!
– All Module Scan
 BCM, PCM and HVAC
 BCM receives CAN bus Message 

from PCM
 BCM controls ALL PTC relays

– B10B3-14 Cabin Heater 1

– B10B7-14 Cabin Heater 2

– B1137-14 Cabin Heater 3

94

BCM – Diagnosis & Testing
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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

 Ignition OFF – Disconnect Scan Tool

 Open and close door –WAIT 30 
seconds

 Module sleeps – Then Recheck

 Hood Open – Will NOT Work!

96

Wiring Schematics 
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98
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Blower Motor Current Test – Stepped Resistors

Low Amp Clamp Connection Low Speed

High Speed

Medium 2

Medium Speed 3

100

Audi Cooling Fan Analytics
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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

102
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107

Schematic Diagram

 A/C Compressor
– Pin 2 is from A/C Clutch Relay
 Case Grounded

– Pin 1 and 3 – from Climate Control
Unit

– 3 Phase High Voltage 
 Wired to A/C Compressor Driver
 Pin 1 (Lt Blue Wire)

– 7.5A fuse to Ignition Switch
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Honda Hybrid A/C Compressor – Dual Control

Driver/Operator Complaint

2013 Ford Explorer

With A/C On: 
Passenger side air is warmer than Driver side
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 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

Verification & Validation

123

 Comparison

Now What?

Temperature Checks

58° F 88° F 
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 RRR Machine - Performance Test
 Scan Tool – Check DTCs and analyze data
 Tell customer to put passengers in rear seat!

Technician Direction

125

RRR Machine Analysis
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Scan Tool Time – Vehicle ID

127

DTCs
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HVAC Data – Alphabetized PIDs

129

Left Blend Door Position PIDs
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Right Blend Door Data PIDs

131

Selected Parameters
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What do we see?

133

What have we Confirmed?
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 Module Communication
– Networks
 HVAC Module
 Body Control Module
 Automatic Climate Control System

 Components Involved
– 5 wire Blend door actuator RH
 Labor involved to R&R if necessary

Understand the System

135

Schematics
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2023 Prius Prime - Compressor

 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

137

EV Compressor Vital Signs
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Recorded View – Merge Graph

139

A/C Compressor Power in Watts
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What are Normal Pressures?

146

ctionline.com


