
Study Unit

Controls for Air
Conditioning



This study unit presents several topics related to the auto-
matic control of heating, ventilating, and air conditioning
(HVAC) systems within buildings. You’ll begin your study
with an introduction to building heating, ventilating, and air-
conditioning systems. This introduction discusses the typical
arrangement of components, basic system operation, and
power requirements. You’ll then learn the fundamentals of
automatic control systems. This section is broken down into
easily understandable subsections on pneumatic, electric,
and electronic controls. Finally, you’ll learn about elementary
and complete control systems. 
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When you complete this study unit, you’ll be

able to 

• Describe the function of common components within a

building’s HVAC system

• Understand the purpose and function of common 

components within a pneumatic automatic control 

system

• Comprehend the purpose and function of common 

components within an electric automatic control system

• Explain the operation of an electric automatic control

system using ladder logic diagrams

• Describe the purpose and function of common 

components within an electronic automatic control 

system

• Understand the operation of an automatic control 

system for an HVAC system based on ladder logic and

schematic diagrams
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INTRODUCTION
Proper climate control within a building increases a worker’s
comfort, efficiency, and health. A comfortable climate is
essential in many manufacturing processes and all modern
commercial and residential buildings in this country. To
achieve this comfortable climate, automatic control systems
must provide the required amount of conditioned air within a
space at the right time and temperature.

The purpose of this study unit is to familiarize you with the
fundamentals of automatic control systems used to direct
building heating, ventilating, and air-conditioning systems
(HVAC). After reading this study unit, you’ll be able to
describe the function of common components within a 
building’s HVAC system; understand the purpose and func-
tion of common components within pneumatic, electronic,
and electric automatic control systems; and explain the 
operation of an electric automatic control system using 
ladder logic diagrams. Your final objective will be to clearly
understand the operation of an automatic control system 
for an HVAC system based on ladder logic and schematic 
diagrams.

As an electrician, it’s important to understand that control
equipment must be carefully selected and properly installed
for the control system to operate correctly. Therefore, a
knowledge of the automatic controls commonly used in 
buildings for heating, cooling, ventilating, and humidifying 
air is important to the electrician as well as the architect,
engineer, heating contractor, mechanic, and owner.

Controls for Air Conditioning
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Here are examples of commercial and residential automatic
control systems. A commercial example includes controlling
the motor of a large condenser unit’s fan. The motor would
turn on when the outdoor air temperature rises above 60°F
and turn off when the outdoor temperature drops below 55°F.
The control system would be designed to safely turn the
motor on and off automatically according to the operation
schedule. In a residence, a wall-mounted thermostat auto-
matically controls a room’s electric heating system. The 
heating element would energize if the room’s temperature fell
below 65°F. It would turn off when the room temperature
exceeded 70°F. The lack of a proper automatic control system
in these two examples may result in wasted energy, haz-
ardous operation, and discomfort to occupants.

In this study unit, the term air-conditioning system will mean
systems that condition the air in a building. Air-conditioning
systems include systems that cool, heat, ventilate, or vary the
humidity of air within a building. A building’s control system
regulates the operation of the basic plant for heating, cooling,
and ventilating. Automatic control systems for buildings 
typically control the operation of mechanical equipment. The
mechanical equipment controlled will range in size, complexi-
ty, and location. It’s important for you to understand that the
term “mechanical equipment” refers to those items that add
or remove heat or humidity from air. Mechanical equipment
may also refer to the items responsible for moving air
through the building. An example would include automat-
ically controlling a modulating valve for a steam radiator
based on room or area temperature. Another example is the
automatic control of a home’s heat pump based on outdoor
air and space temperatures. The scope of any automatic 
control system is limited by the capabilities of the basic plant
and its distribution system. 

In this study unit, you’ll learn to understand the function
and purpose of automatic control systems typically found in
modern HVAC systems. Frequently, you’ll find a building
owner who hopes to correct a faulty plant or distribution sys-
tem by installing additional controls. Sometimes this can be
done, but more often it can’t.  The distribution and control
systems for HVAC units should be designed at the same time
as the basic heating and cooling plant for the most efficient
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results. To understand the function of automatic controls,
you must first become more familiar with building mechani-
cal equipment and basic control theory. The next section
introduces the fundamentals of building mechanical systems.
This section is also included to deepen and solidify your
understanding of mechanical system basics in buildings.

Fundamentals of Air-Conditioning
Equipment
In this modern world, occupants demand and expect comfort-
able indoor climates. This desire for comfort is the key reason
for the growing emphasis placed on improved control, but it’s
not the only one. Research has shown that a direct relation-
ship exists between proper indoor climate and worker health
and efficiency. In addition, many manufacturing processes
and storage facilities require precise control of indoor climate
conditions in order to preserve stored products or run a
process.

Modern automatic control for heating, ventilating, and air-
conditioning systems has evolved into a highly developed and
complex science. It’s important to have a working knowledge
of the HVAC systems being controlled; however, the main
emphasis in this course will be your complete understanding
of the actual controls used in these systems.

To ensure adequate indoor conditions, air-conditioning 
control systems must achieve one or more of the following
objectives:

• Provide desired temperature within a conditioned space

• Provide desired humidity (degree of moisture in the air)
within a conditioned space

• Prevent mechanical equipment from operating under
dangerous or hazardous conditions

• Meet heating, cooling, and/or humidifying requirements
within a building while minimizing energy consumption

• Schedule equipment to operate according to a predefined
operational schedule
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The commercial use of air-conditioning systems within build-
ings is prevalent in modern construction throughout the
country and world. 

Recall that the phrase air-conditioning systems can refer to
systems that provide heating, humidity, ventilation, and 
cooling to spaces within a building. Most of the components
within an air-conditioning system are hidden from the view of
the typical building occupant. Figure 1 shows a sketch of a
space within a building with ceiling diffusers and a return
grille. A diffuser is an air outlet that supplies conditioned 
air to a space. The return grille is a slotted, louvered, or 
perforated cover over the duct that either returns air to the
air-conditioning system or exhausts it to the outdoors.

FIGURE 1—Diffusers and return grilles are needed in an air-conditioned room.
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Fundamentals of Control Systems
Controls within buildings may vary in complexity from a 
simple handwheel adjustment on a propane heater to a 
computerized, large-scale system like the one present in a
skyscraper. The basic functions of a control system within a
building are to turn mechanical devices on and off and to
adjust the output of mechanical devices. An adjustable con-
trol example would be the automatic adjustment of a fan’s
motor speed based on time of day. This type of control 
scenario may be used in a large restroom facility with con-
stant exhaust requirements. However, during evening and
weekend operation, the restroom exhaust fan is modulated to
a slower fan speed to save energy.

The extent of the control system usually varies with building
type, size, and use. In many homes and other small build-
ings, the heating or cooling plant may be operated by one
thermostat and safety-control system to meet the overall con-
ditions of the building. Larger buildings are usually divided
into separate zones. Each zone may have its own distribution
system and set of controls so that conditioned air can be
supplied to each zone as needed, independent of the needs of
other areas. The zone can be as large as a warehouse storage
area or as small as an individual office. The control system’s
function is to deliver heating, cooling, or ventilation to any or
all zones on demand. The most accurate and often the most
satisfactory control system includes placement of a thermo-
stat in each room, capable of controlling the heating and/or
cooling unit. This type of control is usually the most expen-
sive, primarily because of the number of devices employed.

Although modern control systems may appear very 
complicated, they can be broken down into several basic 
fundamental elements. A typical control system consists of a
sensor, controller, controlled device, and primary source of
energy to operate the controller. The sensor is a device that
measures levels such as temperature, pressure, velocity,
humidity, and current flow. The controller uses the measure-
ment from the sensor to control a device such as a damper,
motor, or valve. The controlled device is the device, such as
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the damper, motor, or valve, that’s actually controlled by the
controller. The primary energy source for the controller within
buildings is typically electric, pneumatic, or electronic.

A residential-grade kerosene heater serves as a good example
to demonstrate the meaning and function of several funda-
mental elements within a control system. If an occupant is
cold, he or she will press the auto-ignite switch on the heater
which will raise and ignite the wick. A kerosene heater’s wick
is the heater component that remains lit when the heater is
operating. As gas comes in contact with the wick, the gas
ignites and produces heat. For a higher level of heat, the
occupant will turn the knob and raise the wick level, thereby
increasing the heat output of the heater. After the space is
comfortable, the occupant may chose to turn off the heater
by again adjusting the wick position down to its lowest possi-
ble position.

In the above example, you should be able to identify the sen-
sor, controlled device, and controller. In this case, the human
occupant actually serves as both the sensor and controller.
The occupant determines whether or not heat is required in
the space and acts accordingly. The controlled device is the
wick within the kerosene heater. Two additional terms that
are common in controls are the process and controlled vari-
able. In this example, the kerosene heater itself represents
the process, and the air temperature would be designated as
the controlled variable. The source which supplies energy to
the controller will be explored later in this section. In this
example, the human occupant adjusts the wick and, there-
fore, provides the energy source to the controller.

Figure 2 shows a diagram of a simple control system that
involves a cooling coil inside an air duct. The cooling coil
receives chilled water from a cooling plant and uses this
water to cool and perhaps dehumidify air passing over the
coil. The sensor measures the air’s temperature and sends
the information to the controller. The controller compares the
actual temperature measured to the setpoint temperature.
The setpoint temperature is a desired temperature predefined
by the HVAC technician. The difference between the actual
and setpoint temperatures is known as the error. The calcu-
lated error is used by the controller to adjust the position of
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the chilled water valve. In Figure 2, the valve is the controlled
device, the cooling coil is the process, the temperature sensor
is the sensor, the controlled variable is the air. The controller
could receive energy from a pneumatic, electric, or electronic
source depending on the size and age of the control system.

Electrical Power to Air-Conditioning
Equipment
Electrical power required for mechanical equipment within
buildings varies greatly depending on building type, size,
intended use, climate, and mechanical system type. Keep in
mind that the mechanical systems within buildings that
require electrical power include HVAC, plumbing, and fire
protection equipment. Large commercial mechanical equip-
ment such as chillers, boilers, pumps, and fans usually
require higher voltages such as 208-, 240-, or 480-volt,
three-phase power. However, smaller residential-type equip-
ment normally requires 120- or 240-volt, single-phase power.
You’ll learn more about the power requirements for HVAC
equipment in the examples near the end of this study unit.

FIGURE 2—This shows a

simplified control system.
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Self-Check 1
At the end of each section of Controls for Air Conditioning, you’ll be asked to pause and

check your understanding of what you’ve just read by completing a “Self-Check” exercise.

Answering these questions will help you review what you’ve studied so far. Please 

complete Self-Check 1 now.

Indicate whether each of the following statements is True or False.

______ 1. The most accurate and often the most satisfactory type of control for any building is

obtained by providing individual control for each room.

______ 2. Air-conditioning systems refers only to supplying cool air to a building.

______ 3. Large commercial mechanical equipment, such as a chiller, usually requires lower 

voltages such as 120- or 240-volt, single-phase power.

______ 4. The controller is a device that measures different quantities such as temperature, 

pressure, velocity, humidity, and current flow.

______ 5. Examples of controlled devices are dampers, motors, and valves.

Check your answers with those on page 69.
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FUNDAMENTALS OF AIR-
CONDITIONING SYSTEMS
Building occupants expect comfortable indoor climates. To
ensure adequate indoor conditions, air-conditioning systems
maintain desired temperature and humidity levels within
conditioned spaces. In addition, the systems should handle
heating, cooling, and ventilation loads within a building while
minimizing energy consumption. Heating within buildings is
typically provided by warm air, hot water, or steam. Cooling
involves transferring heat from one place to another within
the building using air, water, or refrigerant. Ventilation
requires distributing fresh air throughout or exhausting
undesirable air from the building. This section discusses 
typical mechanical equipment used for heating, cooling, 
and ventilating buildings. The equipment discussed here is
divided into major categories including heating plants, cool-
ing plants, and ventilating plants. In addition, you’ll learn the
basics about distribution, central-fan, fan-coil, induction,
and unit ventilation systems.

Heating Plants
The purpose of a heating plant is to provide heat in usable
form for distribution throughout the building. For most heat-
ing systems, the basic plant is a warm-air furnace or a hot
water or steam boiler. These mechanical devices use gas, oil,
coal, or electricity as an energy source. The purpose of this
study unit is to explain how mechanical devices, such as
those contained within a heating plant, are controlled. A 
diagram of a control system for a simple hot-water heating
system is shown in Figure 3. Here, the sensor and controller
are contained within a thermostat. The thermostat responds
to variations in room temperature and controls the operation
of the pump. The pump governs the circulation of hot water
from the boiler or basic heating plant to the radiators. In this
example, the thermostat is powered by a 24-volt electrical
source. 
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Figure 4 shows a more complicated control system. Pictured
is a diagram of a control system for a warm-air heating 
system typically found in residences or small commercial
facilities.

In this example, the controller/sensor combination located
within the space is again contained within a wall-mounted
thermostat. The thermostat controls the flow of fuel supplied
to the burner, which is located within a heat exchanger. The
amount of fuel burned affects the heat output of the heating
system. A heat exchanger is a device that allows heat 
from one material to transfer to another material. An 

FIGURE 3—Controlling a

hot-water heating 

system includes these

features.

FIGURE 4—Control of

forced warm-air heating

system includes these

features.
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easy-to-understand example of a heat exchanger is an 
automobile’s radiator. Heated engine coolant (antifreeze) is
circulated through the radiator at the same time that rela-
tively cool air flows over the radiator’s surface. Because of the
materials used to make a radiator, and the large surface area
(providing more opportunity for the coolant’s heat to escape),
the radiator is a very effective heat exchanger. 

A second controller, located in the bonnet or metal covering of
the warm- air furnace, starts the blower motor when the air
in the bonnet has reached a required temperature or set-
point. The blower stops when the air in the bonnet is cold
enough to produce uncomfortable air currents or draft.

To operate the warm-air furnace properly and safely, 
electricians must understand the control sequence of 
operation. The steps for a typical control sequence of a forced
warm-air heating plant are listed below.

1. When the room temperature drops below the setpoint,
the room thermostat demands heat and closes a switch
to start the burner.

2. The generation of heat within the heat exchanger results
in a rapid rise in air temperature within the bonnet. The
blower isn’t operating yet.

3. When the air temperature within the bonnet reaches the
setpoint of the bonnet controller, the blower motor is
energized.

4. Heated air from the furnace is delivered through duct-
work to occupied spaces within the building. When the
space temperature rises above the room temperature 
setpoint, the burner shuts down.

5. The blower continues to operate until the bonnet air
temperature falls below the setpoint of the bonnet con-
troller, at which time the blower shuts off.

6. When the room temperature again drops below the room
air temperature setpoint, the process is repeated.
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Cooling Plants
The cooling plant provides cooling throughout the building.
This is usually accomplished by passing the building’s air
over cooling coils and exchanging the heat from the air to the
coil. The coil receives the heat only if it’s at a lower tempera-
ture than the building’s air. In residential applications, the
cooling coil typically contains refrigerant. Residential cooling
is sometimes provided using window air conditioners or a
central-fan system in the home with a cooling coil inserted in
the ductwork. In either case, the coil is part of a closed refrig-
erant circuit where refrigerant serves as the working fluid.

Keep in mind that refrigerants are special chemicals that boil
at a very low temperature (when compared to water). You
should also realize that a liquid’s boiling point depends on
the pressure at which it’s kept.  You might already know that
water boils easier (at a lower temperature) at high altitudes
than it does at sea level. This is due to the lower air pressure
encountered at higher altitude. In the same way, refrigerants
are normally chemicals with a relatively low boiling point that
are maintained, within parts of the cooling system, at very
low pressures. 

Figure 5 shows the path that the refrigerant follows within an
air conditioner. The refrigerant passes through the evaporator
coil (also called the cooling coil). A fan blows air over the 
cooling coil, which removes heat from the air. The refrigerant
absorbs heat from the air and, because of the resulting
increase in temperature, the refrigerant boils before entering
the compressor (Figure 5, Circle 1). Compressors that are
driven by electricity compress the boiling refrigerant to a
high-pressure, high-temperature refrigerant gas. The heat is
then removed from the gas to the outdoor air through the
condenser (Figure 5, Circle 2). Upon leaving the condenser
(Figure 5, Circle 3), the cooled refrigerant returns to liquid.
The liquid passes through the expansion device and exits as
a low-pressure, low-temperature refrigerant (Figure 5, Circle
4). Remember that to remove heat from the air to the coil, 
the coil must be colder than the room air. Therefore, the 
temperature of the refrigerant at Circle 4 must be colder than
the room air temperature. After the refrigerant leaves the
expansion device, it re-enters the evaporator, and the process
begins again.
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In commercial applications, either refrigerant or chilled water
is circulated through the cooling coil, and air is passed over
the coil in order to remove heat from the air. If refrigerant is
circulated through the coil, the refrigerant follows the same
path as that described above and as showed in Figure 5. If
chilled water is used to remove the heat from the air, the
chilled water becomes warmer in this process. The warm
water would then be pumped to a large device known as a
chiller, where the water would release its heat to the refriger-
ant within the evaporator. The figure shown in Figure 5
would still apply to the refrigerant.

In summary, the main component of any commercial or 
residential cooling plant is the compressor. Compressors
exist within air conditioners, heat pumps, and chillers.
Compressors usually require electric energy to operate. The
compression process takes place within a closed refrigerant
cycle. Automatic controls within the air conditioner, heat
pump, or chiller typically control the operation of the 
compressor.

FIGURE 5—This shows

the refrigerant cycle in

an air-conditioning 

system.
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Ventilating Plants
The basic purpose of the ventilating plant is to provide fresh
air for distribution throughout the building. To introduce this
fresh air into the occupied space, the air often must be
cooled, heated, and/or dehumidified. Therefore, the ventila-
tion system is typically combined with heating and cooling
systems. Figure 6 shows a typical ventilating system that
consists of a fresh-air intake, a fan, coils, and ductwork.
Large commercial buildings sometimes house several ventilat-
ing systems. Ventilation systems that include outside air
intake ducts and air distribution ducts that operate inde-
pendently of the heating or cooling system aren’t commonly
found in residential buildings. 

Figure 6 shows the equipment and airflow information for a
typical ventilation system. Review the figure closely to
become familiar with the movement of air through the 
ventilating system. The controls within the ventilating system

FIGURE 6—The basic fan setup for a ventilation system includes these features.
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regulate the positions of the return and outdoor air dampers.
The outdoor air thermostat located before the prefilter within
the ventilator controls the damper positions. The room ther-
mostat controls the hot-water and chilled-water valve posi-
tions. A possible control sequence for the damper and valve
positions is as follows.

1. The fan operates continuously when the building is
occupied.

2. When the room temperature drops below or rises above
the setpoint, the room thermostat modulates the valve
position on either the hot water valve or chilled water
valve, depending on whether heating or cooling is 
needed.

3. The outdoor air thermostat controls the position of the
return and outdoor air dampers to achieve a preset set-
point within the mixing plenum.

Distribution Systems
Distribution systems are used to distribute the air produced
by heating, cooling, and ventilating plants. Basic distribution
systems within both residential and commercial buildings
consist of piping and ductwork. Piping systems carry steam,
hot water, and chilled water. Ductwork distributes condi-
tioned air. For example, a ventilating system delivers fresh air
to various spaces using ductwork. The ductwork may contain
cooling coils. Piping distributes chilled water to various cool-
ing coils throughout the building. As air moves through the
ductwork, it passes over the cooling coils. Some of the heat in
the air transfers to the chilled water in the cooling coils,
increasing the water’s temperature and decreasing the air
temperature. The chiller then removes heat from the warmed
water. Therefore, it’s common in commercial and residential
applications to have both piping and ductwork distribution
systems within the same building. Figure 7 shows a typical
ductwork distribution system for a two-story residential
building. This ductwork could provide either hot or cold air to
the home.
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The arrangement of ducts and pipes in a
building may be compared with the cir-
culatory system of a person’s body. Like
the body’s circulatory system, it should
be designed to allow for automatically
increasing or limiting the flow to any area
as needed. This calls for a properly
designed distribution system with the
controls necessary to regulate the flow to
each area. Therefore, the distribution
system and automatic control system
must work hand in hand.

Air-Distribution Systems

The central-fan system is an all-air sys-
tem that uses ductwork for distribution.
Figure 7 shows a central fan and 
ductwork system used for heating and
cooling a two-story house. Here, the sup-
ply ducts are placed in interior walls and
carry the conditioned air directly to the

rooms through registers or diffusers placed above the base-
board. Return-air grilles and ducts are placed in exterior
walls and carry the return air back to the central fan unit
located in the basement. The central fan unit is the part of
the system that heats, cools, and expels the airflow to the
ductwork and other distribution components in the fan 
system. 

Note that Figure 7 includes a fresh-air intake duct for venti-
lation air. Recall the control sequence used to control the
outdoor air and return-air dampers in Figure 6. The damper
positions were controlled based on a thermostat located
before the prefilter. However, in the residential fan system
shown in Figure 7, the positions of the outdoor air and
return-air dampers are typically either opened or closed;
therefore, there’s no automatic modulation of the dampers by
the control system.

FIGURE 7—The ductwork in a residential home

includes both supply and return ducts.
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If properly sized, the ductwork system shown in Figure 7 can
be used year-round for both heating and cooling. In this
case, the central fan unit must include both heating and
cooling capabilities. Figure 8 shows a central fan unit that
can both heat and cool air for the home. The controls used
for controlling heating and cooling capabilities are similar to
those discussed for Figure 6. A possible control sequence for
the central-fan system’s heating control is as follows.

1. During the heating season, when the home’s air 
temperature drops below a predefined setpoint, the room
thermostat calls for heat and closes a switch to start the
burner within the heat exchanger.

2. When the heat exchanger generates heat, air tempera-
ture within the heat exchanger rises. The blower isn’t
operating yet.

3. When the air temperature within the heat exchanger
reaches the setpoint of an internal controller, the blower
motor is energized.

4. Hot air from the heat exchanger is delivered through
ductwork by the blower to occupied spaces within the
home. When the space temperature rises above the room
temperature setpoint, the burner shuts down.

FIGURE 8—This shows a

residential central-fan

system with heating and

cooling units.
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5. The blower continues to operate until the heat exchanger
temperature falls below the setpoint of the internal con-
troller, at which time the blower shuts off.

6. When the room temperature again drops below the room
air temperature setpoint, the process is repeated.

A possible control sequence for the central fan system’s 
cooling control is as follows.

1. During the cooling season, when the home’s air 
temperature rises above a predefined setpoint, the room
thermostat calls for cooling and energizes the refrigera-
tion control circuit. 

2. When the air temperature within the fan unit drops
below the setpoint of an internal controller, the blower
motor is energized.

3. Cool air from the fan system is delivered through duct-
work to occupied spaces within the home. When the
space temperature within the fan unit drops below the
room temperature setpoint, the refrigeration unit shuts
down.

4. The blower continues to operate until the temperature
within the fan unit rises above the setpoint of the inter-
nal controller, at which time the blower shuts off.

5. When the room temperature again rises above the room
air temperature setpoint, the process described above is
then repeated.

Commercial air-distribution systems sometimes use the dual-
duct system. It’s a small, high-velocity all-air system that
combines two separate duct systems, one for heating and the
other for cooling. The ductwork runs from the central fan
room to a mixing chamber like the ones shown in Figure 9.
The mixing chambers, which are supplied with air from one
or more room and outside air-return ducts, are typically
installed within the ceiling space. The room thermostat con-
trols a special damper motor to regulate the proportion of
heated or cooled air flowing to the mixing chamber. Here it’s
blended to add heat or provide cooling to the room as
desired. 
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Water Distribution Systems

In a hydronic, or all-water system, piping is used to carry hot
water to room units in winter for heating and chilled water to
the same units in summer for cooling. Electricians typically
find hydronic systems used for both heating and cooling in
commercial and large, multifamily residential buildings. The
systems are installed inside the perimeter of the building
with piping hidden in walls or the ceiling. The units used to
exchange heat between the room air and the water vary in
type and are mounted in the wall or ceiling or on the floor.
We’ll now discuss three different types of units used in
hydronic systems, namely, fan-coil units, induction units,
and unit ventilators.

Fan-Coil Units

In the fan-coil unit, heating and cooling are accomplished by
using a fan and a single coil. Fan-coil units are installed
within the area to be conditioned. This means that no duct-
work is required; however, piping is required to provide either
hot water or chilled water to the coil within the unit. A small-
scale fan-coil unit is shown Figure 10A. Figure 10B shows a
large-scale version. The coil is supplied with hot water from
the boiler or chilled water from the cooling plant as needed.

The ability of the fan-coil system to make the space comfort-
able depends largely on the controls used. There are many
possible ways to control the fan and valve within a fan-coil
unit. The ON/OFF control of the fan is the least expensive

FIGURE 9—This shows the

mixing unit of the dual-

ductsystem.
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method of fan control and also the least flexible. The fan con-
trols could instead be linked to operate when the water valve
actuates. A possible control sequence used for the heating
season is as follows.

1. Upon a signal for heat, the thermostat moves the water
valve to the open position to circulate hot water through
the coil. 

2. The fan (or blower) is energized and begins to draw air
from the room and circulate the air over the coil, where
it’s heated before it’s returned back to the room space.
Before the room’s air is circulated over the coil, it’s first
sent through a filter, as shown in Figure 10B. The cool-
ing operation is similar, except that chilled water is used
in the coil, and heat is removed from the air during the
cooling process. 

The fan-coil unit in Figure 10 has one coil that handles both
heating and cooling. This unit is called a two-pipe fan-coil unit
since it requires only two pipes. In the cooling season, these

FIGURE 10—This fan-coil unit is for heating and cooling a single area. No ductwork is needed.
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two pipes would carry chilled water to supply and return. In
heating months, the pipes would instead carry hot water to
supply and return. When a conventional two-pipe system is
used, individual zones may be switched from heating to cool-
ing by switching the water source from a boiler to a chiller.

The conventional two-pipe fan-coil systems require that all
units in a particular area of a building operate on the same
cycle. In other words, all units within that area provide either
heating or cooling, but not both at the same time. Therefore,
during the heating season, all units within a certain area or
zone will provide only heating.

Some applications require that individual units provide heat-
ing or cooling, such as when cooling interior office spaces
while heating adjacent exterior offices. To provide this added
flexibility, four-pipe distribution systems are installed with
four-pipe fan-coil units. When a four-pipe distribution system
is used, individual zones may include units that provide 
cooling and others that provide heating. These systems have
separate coils for heating and cooling. The required piping
includes a hot-water (or steam) supply pipe, hot-water return
pipe, chilled-water supply pipe, and chilled-water return pipe.
The water source need not be switched from a boiler to a
chiller. 

Induction Units

The induction system is similar to the fan-coil system, and it’s
also installed as a perimeter system. However, induction
units don’t have fans or blowers. An induction unit is shown
in Figure 11. The system mixes primary air from a central
fan unit with return air from the room. The primary air is
traveling at high speeds and it induces the room air into the
induction unit. The two air streams mix and then circulate
through the heating/cooling coil.

The room thermostat controls the water valve for the coil to
regulate the flow of hot or chilled water. This system has the
advantage of introducing into the system a proportion of
fresh air from the fan-unit room. The control system is simi-
lar to that of a fan-coil system.
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Unit Ventilation System

Units that combine heating, cooling, and ventilation are
called unit ventilators. Unit ventilators are equipped with fans
and coils. The units are typically installed in the outer wall of
the room with access to outside air. They operate much like
an individual fan system that blends outdoor air with room
air, filters the air, heats or cools the air, and then delivers it
to the room.

The unit ventilator shown in Figure 12 is designed to supply
proportions of fresh air and recirculated air to the room while
adding heating or cooling as desired. The room thermostat
controls the valve to supply hot water or chilled water to the
coil. It also operates a damper motor to regulate the propor-
tion of fresh air and recirculated air entering the fan. A 
low-limit control can override the call for fresh air and hold
the fresh-air damper at a minimum position if the outdoor air
temperature is too low. This safety measure saves energy and
prevents water coils from freezing during extreme cold. Unit

FIGURE 11—This induction unit mixes primary air with return air. 
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ventilators are widely used for such locations as classrooms
and auditoriums. They are available in either two- or four-
pipe arrangements like fan-coil units.

Now take a few moments to review what you’ve learned by
completing Self-Check 2. 
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FIGURE 12—This unit ventilator system is normally used for larger areas such as classrooms and audi-

toriums.
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Self-Check 2
1. A cooling coil removes heat from a building’s air only if the coil temperature is

a. equal to the air temperature.

b. colder than the air temperature.

c. hotter than the air temperature.

d. Both a and b

Questions 2–6: Indicate whether the following statements are True or False.

______ 2. The controller/sensor combination is often contained within a wall-mounted thermostat.

______ 3. The central-fan system is an all-water system that uses piping for distribution.

______ 4. In residential applications, the cooling coil typically contains chilled water.

______ 5. An induction unit contains a fan that’s controlled by a room thermostat. 

______ 6. Dual-duct systems include two ductwork systems, one for cool air and the other for hot

air.

Check your answers with those on page 69.
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FUNDAMENTALS OF CONTROL
SYSTEMS
The basic functions of a control system within a building are
to turn mechanical devices on and off and to adjust the out-
put of mechanical devices. In the last section, you learned
about different types of mechanical devices commonly found
in commercial and residential buildings. In this section, you’ll
learn how some types of control systems work. You’ll begin
by studying basic control system theory. This includes an
introduction into the different control actions and methods
commonly used in controlling building mechanical equip-
ment. You’ll then learn about the different sources of energy
available such as pneumatic, electric, and electronic control
systems.

You learned earlier that modern control systems can be 
broken down into four basic elements—a sensor, controller,
controlled device, and primary source of energy to operate the
controller. Remember that the sensor measures levels such
as temperature, pressure, velocity, humidity, and current
flow; the controller uses the sensor’s measurement to control
devices such as dampers, motors, or valves. The primary
energy source for the controller within buildings is typically
electric, pneumatic, or electronic. The following section
explores the basic theory behind controls, with a detailed
look at the four basic elements within control systems—
namely, the sensor, controller, controlled device, and a pri-
mary source of energy.

Control System Theory
You may wonder how control systems turn devices on and
off. Perhaps you’re curious as to how a control system auto-
matically adjusts the speed of a mechanical device such as a
motor. The following paragraphs present several possible
actions that control systems take when controlling a mechan-
ical device, such as two-position control, floating control, and
modulating control. 
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Two-position, or on/off, control is the simplest control action
available. This type of control is used to turn on and off
mechanical devices such as electrical resistance heaters, air
conditioners, and heat pumps. Two-position control action is
often used in conventional thermostats, such as a wall-
mounted thermostat that controls the operation of a short
length of electric resistance heating. When the room tempera-
ture drops below a setpoint of 68°F, the controller within the
thermostat energizes the electric heater. The heater stays on
until the space temperature reaches 72°F, for example. At
this time, the controller within the thermostat turns the
heater off. Figure 13 shows the variation of room temperature
as the result of the on/off control action. This example shows
a four-degree temperature difference between the setting at
which the controller turns on the heater and the setting at
which it turns off the heater. This temperature difference is
known as the differential. Most on/off controllers require a
differential to stop the equipment from cycling on and off too
rapidly. 

FIGURE 13—This shows the on/off control of a heater based on room temperature.
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Another common control action is known as floating control.
This controls devices such as valves and dampers. Floating
action involves modulating a device anywhere between the
fully opened and fully closed position based on the contacts
within the thermostat. When the contacts open, the controller
stops modulating; when they close, modulation begins. 

The control for a hot-water heating coil located within the
ductwork supplying warm air to a classroom is one example.
Figure 14 shows the expected variation of classroom temper-
ature as well as the floating control actions. A set of contacts
(Contact #1) within the wall-mounted thermostat closes when
the room temperature drops below a setpoint of 65°F. This
causes an electric motor to begin opening a hot-water valve
on the heating coil. As the classroom temperature rises to
70°F, Contact #1 opens, and the hot-water valve remains in
its current open position. If the classroom temperature con-
tinues to rise to 75°F, another set of contacts (Contact #2)
within the thermostat closes and causes the hot-water valve
to close. This type of control action allows the valve to remain
or “float” in a partially open position. Floating control
requires a dead zone in which all contact sets are open, as
shown in Figure 14.

FIGURE 14—This shows how a floating control of a heating-coil valve operates based on classroom

temperature.
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A third common control action is modulating control. Like
floating control, modulating control also controls devices
such as valves and dampers. Modulating-control action
involves adjusting the controller’s output to achieve the set-
point. The control for a chilled-water valve for a cooling coil
located within the ductwork supplying air to an office space
is one example. Figure 15 shows the expected variation of
office temperature as well as the modulating-control actions.
The 10-degree throttling range shown in Figure 15 corre-
sponds to the temperature range required to control the 
cooling-coil valve based on office temperature.

You may be wondering how the controller output signal is
varied to properly control the chilled-water valve in the above
example. In order to control the valve position, the controller
may be designed to use several different control modes. The
simplest control mode is proportional control, where the con-
troller’s output level to the valve would be equal to a constant
A plus the “error” e multiplied by the proportional gain Kp as
shown in the following equation.

O = A + (Kp)(e)

where

O = controller output signal to the controlled device or chilled
water valve

FIGURE 15—This shows the modulating control of a cooling-oil valve based on office temperature.
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A = a constant equal to the value of the controller output
required to hold the setpoint of 72°F

e = the error, which is equal to the difference between the
setpoint and actual temperature at any time

Kp = proportional gain

Most pneumatic and older electric control systems are
designed to provide proportional control. In proportional con-
trol, the control output varies only the error multiplied by a
constant (the proportional gain) to determine the controller’s
output. Recall that the error is the difference between the
desired and actual temperatures. Also, recall that the con-
troller’s output is the signal that controls the mechanical
device, whether it controls a valve position, fan motor speed,
damper motor position, or another device. For the office
example, Figure 16 shows the expected variation in office air
temperature about the setpoint of 72°F as a result of the con-
troller using proportional control. After the air temperature
settles down and holds to a constant value, an offset exists,
as labeled in Figure 16. The offset is the temperature differ-
ence between the desired and control-set temperature in a
space. This offset can affect comfort and energy consumption. 

FIGURE 16—Modulating control of a cooling-coil valve using proportional control is shown here.
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To eliminate the offset shown in Figure 16, proportional plus
integral control is often used. Although this is a slightly more
complex control mode, it’s often used in process control and
electronic control systems. Integral control is the term com-
monly used for the proportional plus integral control mode
used in common controllers. Recall that the controller is the
element that ultimately controls the position of the valve, the
speed of the fan, or operation of another device. The integral
component that’s added to the proportional controller helps
to eliminate error over time. Figure 17 demonstrates the
effect of integral control of the office temperature over time.
Note that this type of control eliminates the difference
between the desired and actual temperatures.

Energy Sources for Control
In the previous section, you learned about different control
actions and control modes that a controller can use to
change the position or operation of a device, such as a valve.
In this section, you’ll learn how the controller actually 
operates the valve, damper, fan, or other mechanical device.
Control systems may use energy from pneumatic, electric, or

FIGURE 17—This shows modulating control of a cooling-coil valve using proportional plus integral

control.
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electronic systems to send a controlled signal to the 
mechanical device. Some buildings may best be served by a
combination of these groups of controls.

Pneumatic controls use compressed air, usually at a maxi-
mum pressure from 15 to 25 pounds per square inch gauge
(psig), for transmitting control signals and for operating
pneumatic actuators to position the dampers, valves, and
other devices. Electric controls use electric power for these
functions. Electric control circuits normally act as a switch in
the voltage supply to such controlled devices as dampers,
valves, and other devices. The voltage level may be as high as
240 volts or as low as 24 volts or less. These lower voltages
usually require a step-down transformer to reduce the line
voltage. Electronic controls also use electricity. However, they
differ from electric controls in their means of sensing and
measuring changes. They require no mechanical action in
response to a change. Instead, electronic controls measure
changes electronically and translate them to electrical sig-
nals—usually in the form of current regulation—for operating
the system.

Pneumatic Systems
Pneumatic systems use low-pressure compressed air to
transmit the controller signals to the controlled devices.
Changes in the air pressure of the controller’s output cause
changes in the position of the controlled device. Pneumatic
systems are well suited for modulating control since air pres-
sure can be easily varied. The pneumatic control system is
highly dependable, quiet, powerful, compact, versatile in
application, and simple in construction. It’s safe for applica-
tions where explosive gases or dust prohibit the use of elec-
tricity. It requires a minimum of attention and maintenance.
In systems requiring numerous controlled devices, pneumatic
control is much more efficient and cost-effective than electric
control. However, if only a small number of controlled devices
are present, electric or electronic controls may prove more
cost-effective. This is due to the additional equipment
requirements of pneumatic control systems, such as air 
compressors and tubing. 
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Figure 18 shows the five basic parts of a pneumatic control
system. These include an air compressor and storage tank;
sensing device/controller (thermostat) and sometimes relay
combinations; air lines from the sensing device to the con-
trolled device; pneumatic actuator for positioning valves or
dampers; and air lines (main) from the source of air to the
control devices. The following section will help you better
understand each of the above components as well as the
basic pneumatic system’s operation. 

Air Compressors

The compressor, or source of air, is electrically driven. In
most systems, the tank pressure is maintained between 
20 and 35 psig for low-pressure installations and between 
80 and 100 psig for high-pressure systems. In most pneu-
matic control systems, a pressure-reducing valve is used to
reduce the air pressure to 15 psig. In some applications, 
two stages, such as 13 psig and 17 psig, may be used. For
example, a clock-controlled system might be set up for a day
pressure of 17 psig and a night pressure of 13 psig. Valves
and dampers would open at 17 psig and close at 13 psig.

FIGURE 18—Basic pneumatic control systems are set up like this.  
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Controllers and Sensing Devices

In a pneumatic system, sensing elements may measure tem-
perature, humidity, or pressure. Examples of pneumatic con-
trols include bleed and nonbleed controllers, which measure
temperature change within a thermostat. Figure 19 shows an
example of a nonbleed-type controller. When this controller
senses a temperature change in the thermostat, it responds
by opening an air-supply valve or closing an air exhaust valve
within the thermostat. The thermostat acts as a pressure reg-
ulator. The control-air output is applied against the bellows
or air piston of a valve or to a damper operator. The change
in position of the controlled valve or damper acts to achieve
the required setpoint.

Figure 20 shows a bimetallic element, which is a temperature-
sensing element sometimes used in pneumatic controls. It’s
the simplest and most commonly used temperature sensor. It
consists of two thin strips of different metals fused together.
The two metals differ in how much they expand due to tem-
perature change. The resulting motion can be used to vary
air pressure at a control port or open and close an electrical
contact. The bimetallic element is often used in thermostats
for sensing ambient, or environmental, air temperature.

Other types of temperature sensors include vapor-filled 
bellows, bulbs, and capillary elements. The application 
dictates the type of temperature sensor used. For example, a

FIGURE 19—Pneumatic

nonbleed-type controllers

are set up like this.
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capillary element is used to measure the temperature of air
flowing through ductwork, while vapor-filled bellows measure
ambient air temperature much like the bimetallic element. 

Pressure-sensing elements can also include capillary tubes.
Figure 21 shows a pressure-sensing device with a flexible
plate or diaphragm, which moves due to pressure changes
detected at the bulb. The spring resists the diaphragm’s
movement and is attached to a post that provides the control
action to an actuator. In many instances, the movement pro-
duced by the sensing device isn’t used directly, but instead
operates actuators or relay valves. 

FIGURE 20—Pneumatic

thermostats often use

this type of temperature-

sensing element. 

FIGURE 21—Pressure-sensing elements sometimes include capillary tubes and bulbs. 
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Pneumatic Lines

You learned about controllers and sensing devices used in
pneumatic systems. The pressurized-air output signal of a
pneumatic controller travels through a pneumatic line and
eventually moves a pneumatically operated actuator that
positions a valve or damper. These air lines are usually cop-
per and vary in size from 1/8 inch to 2 inches. The actuator
used may be a simple piston-and-spring combination in a
cylinder. A rod normally connects the pneumatic actuator to
the controlled device, such as a damper or valve. For exam-
ple, an actuator’s connecting rod may control the movement
of a damper by means of a link between the rod and damper.

Pneumatic Relay

A relay is a device that takes a signal from a controller, 
modifies it, and sends it to either another controller or actua-
tor. Figure 22 shows a pneumatic reversing relay. This device
receives air from a controller and reverses its magnitude
before producing an output. For instance, if the air from the
controller is at a low pressure, the control-air output will be
modified into a high-pressure signal. Recall that this control
air output will be sent to either another controller or an 
actuator.

FIGURE 22—A pneumatic

reversing relay is shown

here. 
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Electric Systems
Because electricity is readily available in residential and com-
mercial buildings, electric control systems are commonly
installed. In addition, electricians can easily understand the
operation of electric control systems because of their similari-
ty to other electrical devices. These electric control systems
are especially well suited to “fully on” and “fully off” applica-
tions, but can also be adapted for use with modulating con-
trols.

Because of their many advantages, electric control systems
are widely used for controlling air-conditioning systems in
small and medium-sized buildings.

All electrical circuits contain at least three primary electrical
elements including a power source, switch, and load, as
shown in Figure 23.

Electric control systems provide control in one of two ways;
by starting or stopping the supply of electricity, and by vary-
ing the voltage or current to mechanical devices through
rheostats or bridge circuits. Like pneumatic control systems,
electric control systems can have an unlimited number of
variations in equipment and layout. In addition, electric con-
trol systems may provide a variety of control actions. The
basic parts of an electric control system include the following:

• Electric power source and transformer, if stepped-down
voltage is required

FIGURE 23—This electrical circuit contains a bimetallic sensor.
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• Sensing or control device, such as a thermostat, 
humidity sensor, or pressure sensor

• Controlled device, such as an electric motor or solenoid
valve

• Wiring circuit for bringing electric power to the system
and for carrying electric power signals between the 
thermostat or sensing devices and the corresponding
controlled devices

Let’s look at each part individually.

Two-position control devices (on/off devices) include electric
thermostats and electromagnetic devices such as relay coils,
solenoid valves, and motor starters. 

Many of the sensing devices discussed in the pneumatic con-
trol section can also be applied in electric control systems for
on/off or two-position control. The bimetal sensor discussed
earlier is commonly used in electrical control systems.
Whenever a temperature change occurs in an electrically 
controlled system, the temperature-sensing element in the
thermostat, like the one shown in Figure 23, responds by
operating an electric switch. The switch opens or closes the
circuit supplying power to the rest of the system. This results
in an electrical activity, such as operating an electric motor,
damper, or electric solenoid valve.

Electromagnetic devices are often two-position control devices.
Types of electromagnetic devices include relays, solenoid
valves, and motor starters. All of these devices use the 
principle of electromagnetism to operate. The principle of
electromagnetism involves the formation of a magnetic field
around any wire carrying current. If this wire is wound into a
tight coil, the magnetic field can become very strong. In the
case of the solenoid valve shown in Figure 24, the strong
magnetic field produced within the wound wires, or core,
pulls the plunger up and opens the water valve. This is a
two-position water valve that’s normally held closed by the
water’s pressure on the valve plug. Solenoid valves are avail-
able in many sizes and can be used to control the flow of
refrigerant, steam, water, or gas.
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In some instances, the low-voltage electric signal from the
sensing device isn’t used to operate the responding device. It
may operate a relay to switch power on and off for line-volt-
age equipment, such as a fan or heavy-duty motor. Figure 25
shows a typical relay configuration with a coil and solenoid.
The spring-loaded armature returns to its normal up position
when the core isn’t energized. This arrangement could be
used to start or stop a large fan motor. The motor is stopped

FIGURE 24—This electric

solenoid valve is electro-

magnetically operated.

FIGURE 25—This shows

an electric relay coil and

solenoid valve.
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when the contacts are in their uppermost position, thereby
opening the electrical circuit. When the fan motor is required
to start, an electric current flows through the solenoid,
pulling down the relay and closing the circuit. 

Motor starters are two-position control devices similar to
solenoid coils and relays. However, these devices also include
overload protection devices. The protection devices automati-
cally de-energize the solenoid coil if the heat produced by the
current flow reaches a certain level. A common motor-starter
schematic is shown in Figure 26 as a ladder diagram. This
particular motor starter could be used to start or stop a
pump motor. You’ll learn much more about ladder diagrams
later in this study unit. 

This section discusses two-position motor controls, a name 
not to be confused with the two-position control devices dis-
cussed earlier. Two-position motor controls are very similar
to the solenoid coils covered in the previous section; however,
two-position motor controls are used in applications where
the controlled device needs to be opened or closed slowly.
Devices such as dampers and valves require slower move-
ment of operation and aren’t properly controlled by solenoid
coils; therefore, two-position motor controls are needed. 

FIGURE 26—This illus-

trates the ladder diagram

schematic for a typical

three-phase motor

starter.
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Figure 27 shows a spring-return motor control used to open
and close a damper. The thermostat is measuring the out-
door air temperature, and the damper must close when the
temperature drops below 35°F. At temperature conditions
above 35°F, the thermostat switch closes, and the motor
winding is energized between points B and C in Figure 27.
This begins the slow rotation of the motor shaft. The shaft
also has a cam attached to it that’s shown next to point B. At
the correct time, the cam will contact and move the limit
switch from B to A. This limit switch allows the motor to be
controlled at a gradual rate, unlike a solenoid coil.

You now understand how a motor can be started gradually,
but it’s also important to recognize how motor speed can be
adjusted or modulated. Two-position motors are used for two-
position control action as discussed earlier in the study unit.
Floating and proportional control require using modulating
motor control. The modulating motor must be capable of
reversing, stopping, and holding at any speed in its range of
operation. Motors of this type include reversible two-phase
induction motors and modulating induction motors.

FIGURE 27—This two-

position motor uses a

cam for control.
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Two-phase reversible induction motors are
simple in operation and construction.
Figure 28 shows a schematic representation
of the motor. Two motor windings are con-
nected at point A, and a capacitor is placed
between points B and C. During motor
operation, power is supplied to point A con-
tinuously and to either points B or C. If
power is provided at both points A and B,
then winding 1 will directly energize coil 1
and indirectly energize coil 2 through the
capacitor. The capacitor provides a phase
shift between the two coils. If the power
were instead provided at points A and C,
the motor would operate in a reverse direc-
tion. This type of operation could be used to
control a fan motor that required operation
in either direction.

The simple construction used to create a reversible two-phase
induction motor is similar to that used for modulating con-
trol. However, full modulation control requires negative feed-
back from the motor itself, as shown in Figure 29. The relay
arm reacts to the sensor action, such as temperature

FIGURE 28—A reversible two-phase induction

motor schematic is shown here.

FIGURE 29—This shows a modulating induction motor schematic.
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increase. When the relay arm moves to an off-centered loca-
tion, the motor starts and the valve or damper position is
adjusted. This adjustment or modulation will continue until
the sensor no longer reads a difference between the meas-
ured value and setpoint. The feedback from the motor offsets
the controller’s action and helps to restore the relay arm to
its center position.

Electronic Systems
Electronic controls have the advantages of quick response,
accuracy, and versatility in application. These systems differ
from electrical control systems because they use low-voltage
supplies (24 V AC or DC) and solid-state circuitry. The ranges
of signal-level voltage commonly used in these systems
include 0 to 5 volts or 0 to 10 volts. Electrical current can
also be used for signals with a range from 4 to 20 milliamps.
Because of the electronic control systems’ increasing capabili-
ties, low costs, and interface capabilities, these systems are
gaining in popularity. They’re often installed in new 
construction in both large and small buildings to either 
provide complete control systems or to supplement the con-
trol of electric and pneumatic systems. 

Electronic controls are especially useful when a specific sys-
tem has several control-sensing and response requirements.
Electronic controls are much more flexible and offer a much
more straightforward installation than other types of control
systems.

Figure 30 shows the basic parts of an electronic control sys-
tem. The components include a transformer or electric power
source; an electronic sensing device or thermostat with no
moving parts; an electronic relay amplifier that amplifies the
sensor’s signal, a controlling device that acts as a switch; a
responding device—such as an electric motor, solenoid valve,
or heavy-duty relay—to operate equipment; and a wiring 
circuit to control the interaction of the various parts of the
system. The responding or operating devices in electronic 
control systems (such as electric motor, solenoid valve, or
heavy-duty relay) are usually similar or identical to those
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used for corresponding applications in electric systems. This
section discusses some of the sensors and controllers com-
monly used in electronic control systems. 

Figure 31 shows three types of electronic thermostats.
Whenever a temperature change occurs in an electronically
controlled system, the temperature-sensitive wire used in the
electronic thermostat changes its electrical resistance. The
change in resistance causes the electronicsignal of the 
system to change proportionately. At this point the electronic
signal is too low to do useful work, so it’s amplified in the
relay amplifier. The amplified signal then calls for the 
corrective system action by operating an electric switch 
within the relay amplifier.

From this point on, the operation of an electronic control 
system is similar to that of an electric control system. In
many instances, electric and electronic systems use identical
models of damper motors and valves. Some electronic-control
systems, however, use special precision equipment that’s
designed to be compatible with the precise signal from the
electronic thermostat.

FIGURE 30—This illustrates the basic electronic control system.
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Combination Control
In some buildings, it may be more feasible to use a combina-
tion of electric, electronic, and pneumatic control systems.
This combination method takes advantage of the most 
desirable features of each type of control. Various relays or
transducers are available to translate signals from one 
system into useful signals for another system. This makes it
easier to coordinate control operations when more than one
basic type of control is applied.

For example, a combined system might use the accuracy and
speed of electronics to control temperatures in areas of rapid
change plus electric controls to operate fans and other elec-
trically powered equipment. Even more, the smooth and quiet
power of pneumatic controls might help position large intake
dampers and proportioning water valves. Such combinations
can be made in various proportions to produce the best pos-
sible control system for a given basic plant and distribution
system.

Now take a few moments to review what you’ve learned by
completing Self-Check 3.

FIGURE 31—This photo shows several types of electronic controls.
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Self-Check 3
Indicate whether the following statements are True or False.

______ 1. Possible actions that control systems can take in the control of a mechanical device

include two-position control, floating control, and modulating control.

______ 2. Floating control is a type of control used to turn on and off mechanical devices, such as

electrical resistance heaters, air conditioners, and heat pumps. 

______ 3. Two-position control action involves modulating a device from opened to closed 

positions any time appropriate contacts within the thermostat are closed. 

______ 4. Floating control requires a dead, or neutral, zone. 

______ 5. Control systems may rely on pneumatic, electric, or electronic signals to send the 

controller’s output to the mechanical device it’s controlling. 

______ 6. Electronic controls use compressed air for transmitting control signals and for operating

pneumatic actuators to position the dampers, valves, and other devices.

Check your answers with those on page 69.
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ELECTRICAL CONTROL SYSTEMS
In the last section, you learned the basics about electric,
electronic, and pneumatic control systems. In this section,
you’ll explore electrical control systems in more detail. As an
electrician, you’ll most likely be involved with installing and
reworking these types of control systems. You learned earlier
that electric control systems provide control in two ways.
These systems can start and stop the supply of electricity,
and also vary the voltage and current to mechanical devices
through the use of rheostats and bridge circuits.

Because of their many advantages, electric control systems
are widely used for controlling heating and air-conditioning
systems in buildings. As you learned earlier, electric control
systems typically operate using 120 volts alternating current
(AC). Electricity at this voltage level is readily available in
most residential and commercial buildings. In addition, elec-
tricians can more easily understand the operation of electric
control systems because of their similarity to other electrical
devices.

This section will assist you in understanding the drawings
commonly used to describe an electric control system. These
drawings are commonly known as ladder logic diagrams. Let’s
begin by reviewing both an electrical schematic and a ladder
logic diagram for a push-button motor starter. 

Ladder Logic Diagrams for Electric
Control
In this section, you’ll learn to understand information pre-
sented on the electrical control, or ladder logic, diagrams.
You’ll learn how electrical equipment and wiring is shown on
the drawing using standard electrical symbols. In addition,
you’ll learn the methods by which electrical and temperature
control systems interface with each other using proper 
equipment.
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Figure 32 shows two representations of a fan’s motor starter
equipped with a manual, push-button control. Figure 32A is
a one-line electrical drawing of the device while Figure 32B is
a ladder logic representation of the push-button control.
Although either type of drawing is acceptable in the electrical
trade, the ladder logic diagram as shown in Figure 32B is
much easier to understand; therefore, it’s used much more
than the one-line diagram to represent electric control sys-
tems. The fan motor diagrams each show auxiliary, load, and
overload contacts; an electromagnetic coil (shown as 1M);
three-phase power in; a push-button control; and a control
transformer.

To read the schematics in Figure 32, you must understand
the basic operation of several different elements pictured
within the figure. The auxiliary contact shown in Figure 32A
in parallel with the start button is actually part of the motor
starter and will close when the start button is pushed, thus
closing the circuit and allowing the motor to start. The motor
will remain running after the start button is released. When
the stopbutton is pushed, the circuit through the auxiliary
contact will open and stop the motor from operating. 

The overload relays shown in Figure 32A provide a safeguard
against overheating within the motor starter. The overloads
consist of a normally closed contact and a thermal element. If
the motor draws high current due to an overload condition,
the normally closed contacts will open and stop the motor
from operating. The normally closed contact will need to be
manually reset by pressing the reset button before operation
of the motor can resume. The 1M symbol in Figure 32A rep-
resents the solenoid coil in the starter. For your convenience,
Figure 33 lists all of the standard symbols used throughout
this section for ladder logic diagrams.
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FIGURE 33—This lists the

symbols used in ladder

logic diagrams.
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Ladder Logic Diagram Examples
This section presents several examples of ladder logic dia-
grams. Figure 34 shows a fan motor starter with a pilot light
and a flow switch. This starter is used to start a fan motor
within a large air-handling unit. The pilot light is used in the
main control room by mechanical technicians to ensure that
the fan is actually moving air. Therefore, the pilot light is
wired in series with the flow switch. The flow switch remains
closed as long as air within the main supply ductwork is
moving after the fan’s discharge.

Figure 35 shows the interlocking control of a chiller. As you
learned earlier, a chiller is used to produce chilled water for
an air-conditioning system in a building. The chiller typically
includes a water-cooled condenser with associated fans and
pumps. Figure 35 shows three-phase power coming in
through the motor starter to start the compressor motor. A
control transformer steps the voltage down to 120 volts for

FIGURE 34—This ladder logic diagram illustrates a fan motor starter with a pilot light.
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the control side of the starter. When the start button is
pressed, the chilled-water pump will start. When the start
button is released, the coil will remain energized through the
auxiliary contact. The condenser fan must be running in
order for the compressor to operate through the auxiliary
contact’s 3M.

Figure 36 shows a simple, push-button motor starter for a
supply fan within an air-handling unit. An indicator light is
shown in series with a normally open airflow switch. The G

FIGURE 35—This shows the ladder logic diagram for an interlocking chiller control.
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within the indicator light symbol represents the color green
that’s displayed when the switch is closed. An auxiliary con-
tact is shown in parallel with the start push button. 

Figure 37 shows a similar motor starter for a hot-water
pump. You should recognize that the three-phase power
delivered to the hot-water pump motor would energize the
motor only if the control circuit were closed. The control cir-
cuit closes when the start button is pressed, causing the
auxiliary contact located within the motor starter and wired
in parallel with the button to close. In addition, all normally
closed overload contacts must remain closed, and the control
circuit fuse must not be open. When the stop button is
pressed, the circuit will open and the hot-water pump’s
motor will be de-energized. 

FIGURE 36—This shows an air supply fan motor starter with an air-handling unit. 
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Figure 38 shows a slightly different ladder logic diagram. This
shows the control used to energize an electrical resistance
heater. When closed, the double-pole switch energizes the 
circuit. Under normal operation, the electric resistance heater
will remain energized until the switch opens. If an above-
normal high-temperature or high-current situation occurs
during the heater operation, either the fuses or high-limit
reset will open, thus opening the circuit and shutting off the
heater. If the normally closed reset opens, it must be manu-
ally closed prior to restarting the heater element. 

Now take a few moments to review what you’ve learned by
completing Self-Check 4.

FIGURE 37—A hot-water pump motor starter diagram is shown here. 

FIGURE 38—This shows an electrical resistance heater diagram.
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Self-Check 4
1. Electrical control systems are widely used for controlling air-conditioning systems in buildings

because they typically operate using

a. AC line voltage (120 volts). c. DC line voltage (120 volts).

b. low voltage (24 volts). d. pneumatic power.

2. True or False? Ladder logic diagrams are commonly used to represent the construction and

configuration of electric control systems. 

3. True or False? A normally closed flow switch remains closed as long as the fluid it’s 

measuring is moving.

4. The auxiliary contact within the motor starter is typically wired in parallel with the

a. thermal overloads. c. start button.

b. motor coil. d. normally closed contacts.

5. True or False? An indicator light is often installed in parallel with a normally open flow switch. 

6. True or False? If a normally closed manual reset opens, it must be manually closed prior to

restarting the device.

Check your answers with those on page 70.
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COMPLETE CONTROL SYSTEM
EXAMPLES
In the last section, you studied several electric control sys-
tems represented by ladder logic diagrams. In this section,
you’ll learn about complete control systems by examining
schematics and sequence-of-operation discussions. The 
control systems presented in this section may be powered by
electronic, pneumatic, or electric sources. However, that dis-
tinction won’t be made in this section. The purpose of this
section is to present schematics and discussions on the
method of control required given the unique application.

This section begins with a look at a residential heating and
cooling system that uses water to heat and cool the home.
Next, we’ll examine a residential system that uses air to con-
dition the home. We’ll look at a small factory where a boiler
and chiller provide heating and cooling. In the final example,
we’ll examine a dual-duct system that conditions a large
auditorium in a commercial building. Each section will 
discuss the application and purpose of the system. Then, 
a schematic will be presented showing the mechanical 
equipment and layout. The final topic covered for each 
example will be the desired sequence of operation and the
corresponding controls necessary to achieve this control. 

Residential Hydronic Heating and
Cooling Systems 
Earlier in this study unit, you learned that residences can be
heated and cooled with a variety of different systems. One of
those is an all-water temperature-conditioning system. This
type of system, known as a hydronic system, uses hot water
for heating and chilled water for cooling. The hot water origi-
nates from a boiler, and the chilled water is produced in a
mechanical chilling unit. To properly condition the home, a
steady supply of hot or chilled water, depending on the sea-
son, must be available whenever one or more areas or zones
within the home requires heating or cooling. Depending on
the zone’s setpoint and actual temperature at any given time,
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the zone’s thermostat controls the operation of a two-position
valve that controls the flow of hot or chilled water, depending
on need.

Figure 39 shows a process diagram of a typical hydronic
heating and cooling system for a home. This system is 
divided into two zones with fan-coil units in each zone. Each
fan-coil unit contains a blower or fan used to produce airflow
across a coil. The two-pipe fan-coil unit shown in Figure 39
can be used to provide either heating or cooling in the home.
During the heating season, hot water is produced by the 
boiler and circulated through the unit’s coil. The hot water
flowing through the coil releases its heat to the moving air
blown across the coil by the fan. During the cooling season,
chilled water flows through the coil and removes heat from
the air blown across the coil. Therefore, as you learned 
earlier, fan-coil units can be used for either heating or cool-
ing, and each unit is controlled using a common thermostat
for each zone. 

FIGURE 39—A hydronic

residential heating and

cooling system can look

like this.
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Control Elements for Residential Hydronic Heating
and Cooling System

The system shown schematically in Figure 39 would typically
include the following controls for the boiler’s operation (not
shown in Figure 39):

• Burner control using a gas valve or oil burner relay

• Flame safety control using an automatic gas pilot or oil
burner ignition control

• Water temperature and limit control to maintain hot
water temperature at the desired temperature level and
to protect against overheating

The system would typically include the following controls for
the water chiller operation (not shown in Figure 39):

• Motor starter relay for operating the compressor

• Refrigerant pressure control to supply chilled water as
required 

• Water temperature and limit control to prevent overcool-
ing and freeze-up of the cooling system

The system would typically include the following controls for
the water distribution system (shown in Figure 39):

• Thermostat in each zone to call for heating or cooling as
required 

• Motorized two-position valve in each zone to control the
flow of hot or chilled water to the zone’s fan-coil unit 

• Control panel with switching relays and manual
changeover switch for switching heating and cooling
operations and for central wiring connections 

• Pump or circulator for moving water through the system
when required by either thermostat



Controls for Air Conditioning58

Sequence of Operation for Residential Hydronic
Heating and Cooling System

During the heating season, the primary boiler controls 
operate to provide a steady supply of hot water. The water
temperature may vary or be held constant depending on
whether or not the boiler is also used to provide hot water for
other uses. If the boiler is used for both heating and domestic
hot water, the water temperature must be maintained at a
constant temperature. However, in boiler systems used only
for heating, the hot water temperature is often adjusted
based on outdoor conditions. For example, hot-water with a
lower temperature is supplied in milder weather while hotter
water is provided during colder weather conditions. 

If the ambient or room temperature of a zone drops, the 
thermostat for that zone closes a switch to signal the need for
heat. This switch action in the thermostat opens the motor-
ized valve for that zone and causes the pump to circulate hot
water from the boiler to the fan-coil units in that zone. It also
causes the fans in the fan-coil units to operate. The fan in
each fan-coil unit circulates air through the unit to heat this
area of the home. After the room temperature increases above
the setpoint, the thermostat turns off the fans in the units
and closes the motorized valve to that zone. If neither ther-
mostat calls for heat, the pump or circulator stops running.
Therefore, the movement of water within the system is inter-
mittent. It occurs only when either thermostat calls for heat. 

During the cooling season, the chiller operates to provide a
steady supply of chilled water. Typically, a control panel is
provided in the home that permits the homeowner to 
manually switch over from heating to cooling at the change of
seasons. The manual changeover usually involves changing
valve positions and operating various circuit switches. 

In the cooling cycle, the primary controls operate the cooling
plant to provide a supply of chilled water whenever a zone
calls for cooling. The chilled-water temperature supplied by
the chiller typically remains constant. On a rise in the tem-
perature of a zone, the thermostat for that zone closes a
switch to call for cooling. This switch action causes the valve
for that zone to open and causes the pump to circulate cold
water from the water chiller to the fan-coil units in that zone.
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It also causes the fans in the fan-coil units to operate. The
fans circulate air through the units to cool this area of the
home. When the space temperature decreases sufficiently,
the thermostat turns off the fan and closes the valve to stop
the flow of chilled water to that zone. As in the heating cycle,
the flow of chilled water is intermittent, occurring only when
a thermostat calls for cooling.

If the homeowner has an automatic changeover system
installed, no manual action is required to switch from boiler
to chiller operation. Changes from heating to cooling or 
cooling to heating are accomplished automatically using the
automatic changeover system.

Residential Forced-Air Heating and
Cooling Systems 
Figure 40 shows a process diagram of a typical all-air system
used for heating and cooling a home. Like the one in 
Figure 39, this system is divided into two zones. For heating,
the system uses the warm air from a furnace; for cooling, it
uses the cool air from a cooling plant. The units are usually
combined in a single package, as you learned earlier. The

FIGURE 40—A residential forced-air heating and cooling system would contain these features.
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system shuts down when neither zone calls for heating or
cooling. Each zone’s thermostat operates a motor to open or
close its individual zone damper to allow or prevent hot or
cold air to flow. The damper motor also operates circuit
switches to call for operation of the heating or cooling plant
when the zone damper is open.

Control Elements for Residential Forced-Air
Heating and Cooling System

The system shown schematically in Figure 40 would typically
include the following controls for the furnace’s operation:

• Burner control that uses a gas valve or oil burner relay

• Flame safety control that uses an automatic gas pilot or
oil burner ignition controller

• Fan and limit control that causes the fan to operate and
distribute warm air whenever heat is available

• Fan and limit control that causes the burner to shut off
in case of overheating within the furnace

The system would typically include the following controls for
the cooling plant’s operation:

• Motor starter relay for operating the compressor

• Evaporator fan relay to operate the forced air blower 

• Refrigerant pressure limit control to protect the 
compressor from excessive head pressures

The system would typically include the following controls for
the air’s distribution system (shown in Figure 40):

• • Heating-cooling thermostat for each zone to call for
heating or cooling as needed 

• Motorized zone damper for each zone to control the flow
of warm or cool air to the zone

• Control panel and switching relays for control wiring
connections 

• Blower for forced circulation of air through the system
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Sequence of Operation for Residential Forced-Air
Heating and Cooling System

The change from heating to cooling can be accomplished
manually, semiautomatically, or automatically depending on
the homeowner’s requirements. During the heating cycle, the
thermostat for a zone closes a switch to call for heat when-
ever the temperature of that zone drops below the setpoint.
This switch action in the thermostat causes the damper
motor to open the damper, allowing heated air to flow to that
zone. At the same time, the damper motor operates a switch
that turns on the burner to supply heat. When the furnace
chamber becomes warm, the fan switch on the furnace turns
on the fan to circulate the heated air through ducts to the
zone. After the room temperature increases sufficiently, the
thermostat closes the zone damper, stopping the flow of heat
to that zone. If no other zone requires heat, a switch on the
zone damper motor will also cause the heating plant to shut
down, thereby shutting off the fan and burner.

During the cooling cycle of this system, the thermostat for a
zone closes a switch to call for cooling when the temperature
of that zone rises above the setpoint. As a result of this
switch action, the damper motor opens the damper, allowing
cool air to flow to that zone. At the same time, the damper
motor operates a switch to turn on the central cooling unit to
supply cool air. It also turns on the circulating fan for the
system. The fan forces air through the cooling unit and duct
systems to cool this zone of the home. After the zone is satis-
fied, the thermostat closes the zone damper, stopping the
flow of cool air to the zone. This also shuts off the central
cooling unit unless the other zone calls for cooling.

Commercial Hydronic Heating and
Cooling System 
Figure 41 shows the hydronic system for a small factory
building. The system is designed to provide only heating for
the manufacturing area, and both heating and cooling for the
office area.
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This system uses hot water from the boiler for heating and
chilled water from the mechanical chilling unit for cooling.
During the heating season, the boiler maintains a constant
supply of hot water for heating both the manufacturing area
and office area. In the cooling season, the system is switched
to cooling, and the chiller unit is used to supply chilled water
for the fan-coil units in the office area. Thermostats control
the operation of the circulators to regulate the flow of heated
or chilled water. The thermostat for the office area also con-
trols the operation of the fans in the fan-coil units.

Control Elements for Commercial Hydronic
Heating and Cooling System

The system shown in Figure 41 would require the following
controls:

• Boiler controls to operate the burner safely to maintain
the water at the desired temperature for heating 

• Water chiller controls to operate the refrigeration unit
safely to maintain the desired temperature for cooling

• One thermostat for the manufacturing area and one for
the office area (in larger plants, more would be required) 

FIGURE 41—This shows a

hydronic commercial

heating and cooling sys-

tem for a factory.
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Control panel and changeover switch to switch the control
circuit from heating to cooling as the season demands. In
Figure 41, the changeover is accomplished manually by
changing the switch setting and by operating the necessary
valves.

Sequence of Operation for Commercial Hydronic
Heating and Cooling System

In the heating cycle, the primary boiler controls provide a
constant supply of hot water. On a decrease in the air 
temperature of a zone, the thermostat for that zone closes a
switch to call for heating. This switch action in the thermo-
stat causes the circulator to operate and circulate hot water
from the boiler to the zone. In the office space area where
fan-coil units are used, the thermostat turns on the circula-
tor and also turns on the fan in each unit. Heat from these
units warms the zone space. After the heating need is satis-
fied, the thermostat again turns off the system. On each call
for heat, the complete cycle is repeated. Either zone may call
for heat and operate its own circulator independently of the
other zone.

In the cooling cycle, whenever the air temperature of the
office space rises, the thermostat closes a switch to call for
cooling. This switch action causes the circulator for that zone
to operate and supply chilled water to the zone. It also caus-
es the fans in the fan-coil units to operate. The fans circulate
air through the units and into the office space to cool this
area. After the office space is cooled, the thermostat turns off
both the circulator and the fans to stop the flow of cool air to
the area. The cycle is repeated on each call for cooling. For
both heating and cooling, notice that pump A in the center of
the Figure 41 operates continuously. In the system shown in
Figure 41, the operator opens and closes the valves and man-
ually changes the switch setting from heating to cooling.
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Commercial Dual-Duct Heating and
Cooling Systems
Figure 42 shows the typical commercial dual-duct system.
Earlier you learned that this system provides both heating
and cooling for commercial facilities such as auditoriums and
restaurants. Two separate duct systems (one carrying cold air
and one carrying heated air) supply the heating and cooling
as required. In a mixing chamber at each outlet in the 
ceiling, air from the two ducts is mixed proportionately in
response to the space thermostat. This air is delivered into
the space at the temperature required to maintain the
desired conditions. The space thermostat operates the
damper motors, which position the dampers to provide the
desired proportion of heated or cooled air to the room.

FIGURE 42—This shows a commercial dual-duct system.
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Control Elements for Commercial Dual-Duct
System

The system shown in Figure 42 would require the following
controls:

• Auxiliary switch on the damper motor, which causes the
heating plant to operate whenever the zone calls for
heating

• Auxiliary switch on the damper motor, which causes the
damper on the hot deck (duct carrying hot air) to open
and provide hot air to the zone for heating

• Opposite-acting switch on the damper motor, which
causes the cooling plant to operate whenever the zone
calls for cooling

• Opposite-acting switch on the damper motor, which
causes the cold-deck damper to open and provide cool
air to the zone for cooling

Sequence of Operation for Commercial Dual-Duct
System 

In winter operation, the space thermostat senses a drop in
room temperature and calls for additional heat. This causes
the damper motor to shift its position to partly open the 
heating duct damper. This action closes the auxiliary switch
and turns on the heating plant. If more heat is needed, the
thermostat causes the damper motor to open the heating
damper more fully. Its linkage system also closes off the cool
air duct. In some systems, an outdoor thermostat is used to
control the high limit of the heating plant so that warmer 
air is supplied in mild weather and hotter air is supplied in
colder weather.
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For cooling operation, the room thermostat senses a rise in
room temperature and calls for the addition of cool air. This
causes the damper motor to start opening the cold-deck
damper. This action closes the cooling auxiliary switch that
opens the refrigerant valve. This creates cooling in the coils to
cool the air being supplied by the cooling duct. As more cool-
ing is required, the damper motor opens the cooling damper
more fully. Its linkage system also closes off the warm-air
duct.

Now take a few moments to review what you’ve learned by
completing Self-Check 5. 
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Self-Check 5
Indicate whether the following statements are True or False.

______ 1. In a residential hydronic heating system, the movement of water within the system is

intermittent, occurring only when a zone needs heat.

______ 2. In systems used for domestic hot water and heating, the hot water’s temperature is

often adjusted based on outdoor conditions. 

______ 3. In forced-air residential systems, the central unit shuts down when no zones are calling

for heating or cooling. 

______ 4. The changeover from heating to cooling in a two-pipe fan-coil system is accomplished

automatically in an automatic changeover system.

______ 5. Hydronic heating and cooling systems used in commercial applications typically include

both a boiler and a chiller. 

______ 6. Dual-duct systems provide heating by modulating heating coil valves with the mixing

chambers. 

Check your answers with those on page 70.
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NOTES



Self-Check 1
1. True

2. False

3. False

4. False

5. True

Self-Check 2
1. b

2. True

3. False

4. False

5. False

6. True

Self-Check 3
1. True

2. False

3. False

4. True

5. True

6. False
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Self-Check 4
1. a

2. True

3. True

4. c

5. False

6. True

Self-Check 5
1. True

2. False

3. True

4. True

5. True

6. False

Self-Check Answers70
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1. An air-conditioning system’s automatic controller might

directly control the 

A. motor of a large condenser fan.

B. thermostat’s setpoint temperature.

C. conversion of pneumatic energy to hydraulic signal 

pressure.

D. sensitivity of the ladder logic.

2. In proportional control, the controller’s output is constant and

equal to 1.5. If the controller’s proportional gain is 0.8, the

setpoint temperature is 75°F, and the actual temperature is

72°F, find the controller’s output.

A. 2.1 C. 5.3

B. 3.9 D. 15.2

3. The primary energy source that operates a building’s air 

conditioning controller is typically electric, pneumatic, or

A. thermostatic. C. electronic.

B. passive. D. hydraulic.
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4. Proportional plus integral control provides the following enhancement over proportional

control only.

A. Elimination of offset C. Increased gain

B. Reduced gain D. Simplicity of installation

5. In a residential air-conditioning system, the component that’s driven by electrical

power while increasing the pressure of the refrigerant is a(n)

A. evaporator. C. compressor.

B. condenser. D. expansion valve.

6. A pilot light is typically wired in series with a _______ to indicate whether the fan is

moving air.

A. thermostat C. auxiliary contact

B. thermal overload D. flow switch

7. Pneumatic controls use _______ for transmitting control signals and for operating

pneumatic actuators.

A. steam C. electricity

B. compressed air D. electronic signals

8. A cooling and heating system uses two ducts, one that carries hot air and one that 

carries cool air. The airflow from the ducts meet in a mixing chamber. The device that

actually sets the amount of air leaving each duct is the 

A. unit ventilator. C. mixing contactor.

B. fan-coil valve. D. damper motor.

9. A homeowner wants his hydronic system checked. To do this, you’ll enter the base-

ment to inspect a

A. boiler and chiller. C. chiller only.

B. boiler only. D. furnace.

10. During ______ control action, a valve’s position changes continuously to achieve the

desired setpoint.

A. on-off C. two-position

B. modulating D. proportional

11. In a residence, the control of a room’s baseboard electric resistance heating system

would be accomplished automatically using a

A. wall-mounted pressure sensor.

B. duct-mounted thermostat.

C. wall-mounted humidity sensor.

D. wall-mounted thermostat.
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12. Which of the following wouldn’t be pictured on a fan motor’s ladder logic diagram?

A. Auxiliary contacts C. Load contacts

B. Push-button control D. Mixing chamber

13. You’ve been asked to inspect the heating, cooling, and ventilation systems in a large

commercial building. The ventilation part of the system distributes _______ throughout

the building.

A. hot water C. fresh air

B. chilled water D. return air

14. In the system you’re inspecting, the damper motor isn’t working. You decide to see if

the damper-position sensor is sending the proper signal to the _______, which then

signals the damper motor.

A. ductwork C. energy source

B. heating coil D. controller

15. After the furnace chamber becomes warm in a residential forced-air heating and cool-

ing unit, the following action occurs.

A. The fan switch turns on the fan to circulate the heated air through the ducts.

B. The heating-coil valve in the duct is opened.

C. The cooling-coil valve in the duct is opened.

D. The thermostat opens the zone damper.

16. Piping within a hydronic heating system carries

A. chemicals. C. conditioned air.

B. hot water. D. Freon.

17. A(n) _______ is a type of device that measures characteristics such as air pressure or

air velocity.

A. auxiliary contact C. thermostat

B. ventilation controller D. sensor

18. You can expect a control system within a building to turn mechanical devices on and

off and to adjust

A. the output of mechanical devices.

B. the primary source of power.

C. settings when devices fail.

D. the level of noise.
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19. A type of heating and air conditioning system that relies only on heated or cooled

water to adjust the air temperature is known as a _______ system. 

A. wet C. hydraulically controlled

B. hydronic D. feedback

20. A valve on the supply line of a heating coil is typically controlled by sensing the

A. capillary-tube pressure. C. room’s temperature.

B. bimetallic element position. D. damper position.




