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Objectives
When trainees have completed this lesson, they should 

be able to do the following:

1. Identify the major mechanical components common to all HVAC 

systems.

2. Explain the function of a thermostat in an HVAC system.

3. Describe different types of thermostats and explain how they are used.

4. Demonstrate the correct installation and adjustment of a thermostat 

using proper siting and wiring techniques.

5. Explain the basic principles applicable to all control systems.

6. Identify the various types of electromechanical and electronic HVAC 

controls, and explain their function and operation.

7. State the National Electrical Code® (NEC®) requirements 

applicable to HVAC controls. 
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Performance Tasks

1. Identify various types of thermostats and explain their 

operation and uses.

2. Install a conventional 24V bimetal thermostat and hook 

it up using the standard coding system for thermostat 

wiring.

3. Check and adjust a thermostat, including the heat 

anticipator setting and indicator adjustment. 
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1.0.0 – 2.0.0 
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Introduction; Heating 



1.0.0 – 2.0.0 
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A High-Efficiency Condensing Furnace 



3.0.0 
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Ventilation 

• Indoor air quality 

can be improved 

using humidifiers 

and electronic air 

cleaners. 

• Many industrial 

environments 

require special 

ventilation and 

air management 

systems.



4.0.0 – 4.3.0 
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Air Conditioning 



4.0.0 – 4.3.0 
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Heat Pump – Heating Mode Operation 

• Heat pumps are used in mild climates to provide both 

cooling and heating. Heat pumps operate on the 

principle that even when it is cold outside, heat may 

still be extracted from the outdoor air. 

• In colder climates, heat pumps can be combined with 

supplemental heating systems.

Next Session…

Thermostats



5.0.0 – 5.9.7 
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Thermostats 

• A room thermostat is the primary control in an HVAC system. 

• Homes and small commercial spaces typically use a single 

thermostat, while larger commercial and industrial 

applications use two or more thermostats to control the 

temperature in specific zones.



5.0.0 – 5.9.7 
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Bimetal Sensing Elements 

• Simple thermostats 

contain a bimetal element 

with a sealed glass tube 

containing switch 

contacts and a small 

amount of mercury. 

• When heated or cooled, 

the bimetal changes 

shape to open or close 

the switch contacts in the 

thermostat. 



5.0.0 – 5.9.7 
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Heating-Only Thermostat 

• A heating-only thermostat 

contains a temperature-

sensitive switch that controls 

the operation of a furnace. 

• When the temperature 

reaches the setpoint, the 

contacts open, de-energizing 

the circuit. A heat anticipator 

is used to shut the furnace off 

early to allow the residual 

heat in the system to 

dissipate without overshooting 

the setpoint. 



5.0.0 – 5.9.7 

HVAC Controls 26408-14

Cooling-Only Thermostat 

• A cooling-only 

thermostat contains a 

temperature-sensitive 

switch that controls the 

operation of an air 

conditioning system. 

• When the temperature 

reaches the setpoint, 

the contacts close, 

energizing the circuit. 



5.0.0 – 5.9.7 
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Cooling Compensator 

• A cooling compensator is used to turn the system on 

earlier to account for the lag between when the system 

calls for cooling and when it begins cooling the space.

• Unlike heating anticipators, cooling compensators are not 

adjustable. 



5.0.0 – 5.9.7 
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Heating-Cooling Thermostat 

• A heating-cooling 

thermostat contains two 

temperature-sensitive 

switches that control the 

operation of both the 

heating and air 

conditioning systems. 

• A bulb with two sets of 

contacts is attached to a 

bimetal element. 



5.0.0 – 5.9.7 
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Heating-Cooling Contacts 

• When a mercury bulb is 

used in a heating-cooling 

thermostat, the heating 

contacts are located at 

one end of the bulb and 

the cooling contacts are 

located at the other end. 

• A switch is used to select the 

desired mode of operation 

(Heating/Cooling/Off). 



5.0.0 – 5.9.7 
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Automatic Changeover Thermostat 

• Automatic changeover 

thermostats provide the 

convenience of automatically 

switching between heating 

and cooling while providing 

a deadband to keep the 

system from cycling back 

and forth. 

• A switch is used to select the 

desired mode of operation 

(Heating/Cooling/Auto/Off). 



5.0.0 – 5.9.7 
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Multi-Stage Thermostat Hookup 



5.0.0 – 5.9.7 
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Programmable Thermostat 

• Older programmable thermostats contained a motor-driven 

time clock to raise or lower the temperature at the desired 

intervals.

• Modern programmable thermostats use a microprocessor 

to provide override control, energy-saving features, and 

maintenance tracking.



5.0.0 – 5.9.7 
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Electronic Programmable Thermostat 
• Modern programmable 

thermostats provide the 

ability to program different 

temperature settings when 

the space is unoccupied or 

the occupants are sleeping. 

Most thermostats can be 

programmed with different 

schedules for each day of 

the week.

• The use of a programmable 

thermostat can translate into 

a significant energy savings 

for the building owner. 



5.0.0 – 5.9.7 
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Digital Line-Voltage Thermostat 

• While most thermostats 

operate on 24V, line-voltage 

thermostats operate using 

the supply voltage to control 

the system directly rather 

than through a relay or 

contactor. 

• Line-voltage thermostats 

are often used to control 

electric baseboard heating 

systems. 



5.0.0 – 5.9.7 
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Thermostat Mounting 

• Thermostats should be 

located on a solid inside 

wall away from drafts, 

air ducts, or radiant heat. 

Discharge static 

electricity before handling 

electronic components.

• Mercury-bulb thermostats 

must be carefully leveled 

in order to operate 

properly. 



5.0.0 – 5.9.7 
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Thermostat Wiring 

• A standard color code is 

used to designate 

terminals and conductors. 

• When installing a 

thermostat, use a 

stripping tool designed 

for small-gauge wire 

and make sure the 

connections are tight. 

Seal the wire opening in 

the wall space so it is not 

affected by drafts. 



5.0.0 – 5.9.7 
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Thermostat Heat Anticipator 

• After the thermostat has been installed, check the 

current draw of the primary control in the heating unit. 

It is normally printed on the furnace nameplate. 

• Adjust the heat anticipator to the amperage indicated 

on the primary control. 



5.0.0 – 5.9.7 
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Gas Valve Electric Ratings 

If the current draw of 

the primary control in 

the heating unit is not 

printed on the furnace 

nameplate, it may be 

located on a primary 

control such as the 

gas valve.  

Performance Task

This session will conclude with trainees identifying various thermostats 

and installing and checking/adjusting a conventional 24V bimetal 

thermostat, including the heat anticipator setting and indicator adjustment.

Next Session…

HVAC Control Systems



6.0.0 – 6.7.0 
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HVAC Control Systems 

• A triac is the most common type of motor speed control. 

• A knob on the device is used to control the motor speed 

and is similar in operation to a dimmer switch. 



6.0.0 – 6.7.0 
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Electronic Variable-Speed Furnace Control 

Microprocessor controls used in HVAC systems can control 

both the combustion system and the blower speed to 

optimize system operation for a variety of load conditions. 



6.0.0 – 6.7.0 
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Lockout Relay Used in an 

HVAC Control Circuit 

• A lockout relay 

prevents the HVAC 

equipment from 

restarting when one of 

the safety controls has 

been activated. 

• Lockout relays require 

a system reset before 

the equipment can be 

restarted. 



6.0.0 – 6.7.0 
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Time Delay Relay 

Used to Control a Blower 



6.0.0 – 6.7.0 
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Freezestat 

A freeze protection 

thermostat (FPT) or 

freezestat prevents 

the evaporator coil 

from freezing up. 

The freezestat opens 

if the refrigerant 

temperature drops 

below a predetermined 

setpoint.



6.0.0 – 6.7.0 
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Example of a 

High-Temperature Limit Switch 

• Common furnace 

controls include the fan 

control, limit switch, 

thermocouple, and 

inducer proving switch. 

• A high-temperature limit 

switch opens the circuit 

if the heat exchanger 

exceeds a preset 

temperature. 



6.0.0 – 6.7.0 
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Thermocouple Used in a Safety Pilot 

• A thermocouple uses dissimilar metals to control electron 

flow. 

• A thermocouple is used to prove the presence of a pilot 

light in the furnace. If the thermocouple does not sense 

the presence of a flame, it shuts off the gas valve. 



6.0.0 – 6.7.0 
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Thermocouple Testing 

• The gas valve manual feed 

must be pressed for 45 to 

60 seconds when lighting 

the pilot to allow the 

thermocouple to heat up.

• Thermocouples can be 

tested by measuring the 

voltage between the 

sensing rod and the end of 

the cable. An unloaded 

thermocouple should read 

at least 18mV. 



6.0.0 – 6.7.0 
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Sail Switch 

• A firestat stops the fan if the return air temperature 

exceeds 160°F. 

• An airflow (sail) switch is installed in heating ductwork to 

ensure airflow before the heating elements are activated, 

or in cooling systems to verify airflow across the 

condenser/evaporator before the compressor is turned on. 



6.0.0 – 6.7.0 
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Combustion Airflow 

Pressure-Sensing Switch 

• If the inducer motor fails to 

operate, the inducer switch 

opens and prevents 

control voltage from being 

applied to the gas valve. 

• Either a centrifugal switch 

or a pressure-operated 

switch can be used as an 

inducer switch. Pressure 

switches are more reliable 

than centrifugal switches. 



6.0.0 – 6.7.0 
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Electronic Defrost Control 

• Due to the 

pressure/temperature 

relationships in an air 

conditioning system, 

moisture can build up and 

freeze on the outdoor 

coil, even at 

temperatures above 

40°F. 

• Heat pumps require a 

defrost control to prevent 

frost buildup on the 

outdoor coil. 



6.0.0 – 6.7.0 
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Defrost Speed-Up Jumper 

• Modern heat pumps 

use an electronic 

defrost control board 

with an automatic 

timer that can be set 

to suit the local 

conditions.

• The defrost test 

cycle is activated by 

jumpering across two 

terminals on the 

board. 



7.0.0 – 7.3.0 
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HVAC Digital Control Systems 



7.0.0 – 7.3.0 
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HVAC System Control Module 

• A  centralized building management system can be used 

to integrate all building systems for maximum comfort 

and efficiency.

• Processor modules, such as the one shown here, are 

used to control the interface between the building 

management system and the HVAC equipment.



7.0.0 – 7.3.0 
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Changes are Small and Occur Gradually 

• Real-world processes that 

involve changes in 

pressure, temperature, 

liquid level, and fluid flow 

are best represented by an 

analog device.

• An analog-to-digital 

converter is used to convert 

small analog changes into 

a digital output for use with 

a two-state or binary device 

(digital). 



7.0.0 – 7.3.0 
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Typical Constant Volume HVAC System Next Session…

Control Circuit Review



8.0.0 

HVAC Controls 26408-14

Control Circuit Review 



8.0.0 
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Typical Cooling System Control Circuit 



8.0.0 
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Circuit Diagram of a Cooling/Gas Heating System 



9.0.0 – 9.5.0 
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NEC® Requirements 



9.0.0 – 9.5.0 
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Summary of NEC® Requirements for 

Hermetically Sealed Compressors 



9.0.0 – 9.5.0 
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NEC® Regulations 

Governing Motor Compressors 



9.0.0 – 9.5.0 
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Compressor Branch and Control Circuits 



9.0.0 – 9.5.0 
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NEC® Requirements for Lighting

and Switches for HVAC Equipment 



9.0.0 – 9.5.0 
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NEC® Requirements for Locating 

125V Receptacles at HVAC Equipment 



9.0.0 – 9.5.0 
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Branch Circuits for 

Room Air Conditioners 



9.0.0 – 9.5.0 
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Fixed Air Conditioner 

Connected to a Branch Circuit 



9.0.0 – 9.5.0 
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NEC® Installation Guidelines for 

Electric Baseboard Heaters 



9.0.0 – 9.5.0 
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NEC® Regulations for the Installation 

of Electric Space Heating Cable 



10.0.0 
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Troubleshooting 



10.0.0 
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Troubleshooting 



10.0.0 
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Troubleshooting 



10.0.0 
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Electric Heat Troubleshooting Chart Next Session…

Wrap Up



Wrap Up 

– Write important things learned during class

– Write questions you have about the material

– Write thought you had about the material 
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Next Session…

MODULE EXAM

Review the complete module to prepare 

for the module exam. Complete the Module 

Review as a study aid. 
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