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Objectives

When trainees have completed this lesson, they should
be able to do the following:

1.

Identify the major mechanical components common to all HVAC
systems.

. Explain the function of a thermostat in an HVAC system.
. Describe different types of thermostats and explain how they are used.
. Demonstrate the correct installation and adjustment of a thermostat

using proper siting and wiring techniques.

. Explain the basic principles applicable to all control systems.
. ldentify the various types of electromechanical and electronic HVAC

controls, and explain their function and operation.

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

applicable to HVAC controls.
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Performance Tasks

1. Identify various types of thermostats and explain their
operation and uses.

. Install a conventional 24V bimetal thermostat and hook
It up using the standard coding system for thermostat
wiring.

. Check and adjust a thermostat, including the heat
anticipator setting and indicator adjustment.
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1.0.0-2.0.0

Introduction; Heating




1.0.0-2.0.0
A High-Efficiency Condensing Furnace

PRIMARY HEAT
EXCHANGER

BURNER SECTION

SECONDARY
(CONDENSING)
HEAT EXCHANGER

CONDENSATE
PUMP

COMBUSTION
AIR INTAKE

GAS VALVE

EXHAUST
VENT PIPE

EXHAUST
VENT FAN

.-J.
4
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3.0.0

* Indoor air quality
can be improved
using humidifiers
and electronic air
cleaners.

« Many industrial
environments
require special
ventilation and
alr management
systems.

Ventilation

RETURN
AIR

ELECTRONIC

AIR CLEANER

|

HUMIDIFIER

—+—FURNACE
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4.0.0-4.3.0

Air Conditioning

HEATED
AIR 120°F

WARM
AIR 75°F

95°F AIR ===> NI E 2> COOLED
! AIR 55°F

HOT GAS LINE SUCTION LINE

EVAPORATOR

CONDENSER

COMPRESSOR LIQUID LINE EXPANSION DEVICE .
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4.0.0-4.3.0

Next Session...

Thermaostats




5.0.0-5.9.7 '

Thermostats

« Aroom thermostat is the primary control in an HVAC system.

« Homes and small commercial spaces typically use a single
thermostat, while larger commercial and industrial
applications use two or more thermostats to control the
temperature in specific zones.

26408-14_F06.EPS
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5.0.0-5.9.7

Bimetal Sensing Elements

COPPER OR
BRASS ALLOY BIMETAL
NICKEL (INVAR)

ALLOY

\ CONTACT
\\ POINT

,/

MERCURY
HEATING ON HEATING OFF

DIAL INDICATOR

I
| |
t i \ /

CONTACTS -
CLOSED

N
b & e

777

MECHANICAL
GROUND

26408-14_F07.EPS

« Simple thermostats
contain a bimetal element
with a sealed glass tube
containing switch
contacts and a small
amount of mercury.

 When heated or cooled,

the bimetal changes
shape to open or close
the switch contacts in the
thermostat.
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5.0.0-5.9.7 '

Heating-Only Thermostat

BIMETAL SWITCH
(MAKE ON HEAT FALL)

HEAT
ANTICIPATOR
24V orr /
HEATING
ON

CO NTROL

SETPOINT

ACTUAL ROOM
TEMPERATURE

26408-14_F08.EPS

* A heating-only thermostat

contains a temperature-
sensitive switch that controls
the operation of a furnace.

When the temperature
reaches the setpoint, the
contacts open, de-energizing
the circuit. A heat anticipator
IS used to shut the furnace off
early to allow the residual
heat in the system to
dissipate without overshooting
the setpoint.

HVAC Controls 26408-14




5.0.0-5.9.7 '

Cooling-Only Thermostat

BIMETAL SWITCH

e * A cooling-only
thermostat contains a
temperature-sensitive
switch that controls the
operation of an air
conditioning system.

 When the temperature
reaches the setpoint,
the contacts close,
energizing the circulit.

ACTUAL ROOM
TEMPERATURE
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5.0.0-5.9.7

Cooling Compensator

« A cooling compensator is used to turn the system on
earlier to account for the lag between when the system
calls for cooling and when it begins cooling the space.

« Unlike heating anticipators, cooling compensators are not
adjustable.

24V

COOLING
COMPENSATOR

[r—— Yy

COOLING

THERMOSTAT
O; @, C
26408-14_F10.EPS
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5.0.0-5.9.7

Heating-Cooling Thermostat

- A heating-cooling | ot o
thermostat contains two
temperature-sensitive
switches that control the
operation of both the
heating and air
conditioning systems.

* A bulb with two sets of
contacts Is attached to a
bimetal element.

TO FAN
CONTROL

HVAC Controls 26408-14



5.0.0-5.9.7 |

Heating-Cooling Contacts

 When a mercury bulb is
used in a heating-cooling
thermostat, the heating
contacts are located at HEATING
one end of the bulb and

the cooling contacts are
located at the other end.

« A switch is used to select the
desired mode of operation
(Heating/Cooling/Off). e e

HVAC Controls 26408-14



5.0.0-5.9.7 |

Automatic Changeover Thermostat

« Automatic changeover
thermostats provide the fi
convenience of automatically j“j |
switching between heating
and cooling while providing
a deadband to keep the
system from cycling back

and forth. HEAT 50 60 70 80 50 60 70 80 COOL
« A switch is used to select the 50.90.70.%0
. . [ —— T —————————
desired mode of operation - -
(Heating/Cooling/Auto/Off).

26408-14_F13.EPS
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5.0.0-5.9.7
Multi-Stage Thermostat Hookup

THERMOSTAT
RC Y1 G 0 Y2 C B W2 Wi R OT OT
/O L i) C|) O O\O 0 L) O? O
FAN COMPRESSOR HEAT OUTDOOR
RELAY CONTACTOR 2 RE'EAY SENSOR
S
COMPRESSOR COOL
DAMPER HEAT HEAT
CONTACTOR 1 DAMPER | | |RELAY

2\ A 1 3
L1 —| L1

(HOT) (HOT)
L2 4 oo L2
A COOLING HEATING
TRANSFORMER TRANSFORMER

POWER SUPPLY. PROVIDE DISCONNECT MEANS AND OVERLOAD
PROTECTION AS REQUIRED.

A CAN BE USED FOR CHANGEOVER VALVE ON HEAT PUMP SYSTEMS.
26408-14_F14.EPS




5.0.0-5.9.7 '

Programmable Thermostat

« Older programmable thermostats contained a motor-driven
time clock to raise or lower the temperature at the desired
Intervals.

« Modern programmable thermostats use a microprocessor
to provide override control, energy-saving features, and
maintenance tracking.

26408-14_F15.EPS
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5.0.0-5.9.7

Electronic Programmable Thermostat

« Modern programmable
thermostats provide the
ability to program different
temperature settings when ' B )
the space is unoccupied or ~ |
the occupants are sleeping. J—— e sioste |
Most thermostats can be 2 f
programmed with different

SChedUIeS fOr eaCh da. Of SET TIME VIEW PRGM RUN PRGM HOLD TEMP FANON AUTO CooL OFF HEAT
Y T 6666 ® @
the week. (

« The use of a programmable
thermostat can translate into
a significant energy savings
for the building owner.
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5.0.0-5.9.7 |

Digital Line-Voltage Thermostat

* While most thermostats

operate on 24V, line-voltage
thermostats operate using
the supply voltage to control
the system directly rather
than through a relay or
contactor.

 Line-voltage thermostats
are often used to control
electric baseboard heating
systems.

26408-14_F17.EPS

HVAC Controls 26408-14



5.0.0-5.9.7 |

Thermostat Mounting

« Thermostats should be
located on a solid inside
wall away from drafts,
air ducts, or radiant heat.
Discharge static
electricity before handling
electronic components.

« Mercury-bulb thermostats
must be carefully leveled
In order to operate

properly.

HVAC Controls 26408-14



5.0.0-5.9.7 |

Th er m O tat Wi r i n THERMOSTAT WIRING CODES

S 9 GEaaNanoR. | eotoR FUNCTION

« A standard color code is i e oL
. Y YELLOW COOLING CONTROL

used to designate Y1 = STAGE 1
terminals and conductors. W WHITE ”vaﬁ‘E“g‘ifg%“I ot

. . W2 = STAGE 2
emmosan e s St

: 1 1 AIR
stripping tool designed N conofmoNNG

for small-gauge wire

and make sure the Qo

connections are tight. NI
Seal the wire opening in OH—HOT_
the wall space so it is not woelgl| el

affected by drafts.

26408-14_F19.EPS

HVAC Controls 26408-14




5.0.0-5.9.7 '

Thermostat Heat Anticipator

« After the thermostat has been installed, check the
current draw of the primary control in the heating unit.
It is normally printed on the furnace nameplate.

« Adjust the heat anticipator to the amperage indicated
on the primary control.

HEAT ANTICIPATOR

26408-14_F20.EPS
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5.0.0-5.9.7 }

Next Session...

HVAC Control Systems
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6.0.0-6.7.0

HVAC Control Systems

« Atriac is the most common type of motor speed control.

* A knob on the device is used to control the motor speed
and Is similar in operation to a dimmer switch.

N

5

R
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6.0.0-6.7.0

Electronic Variable-Speed Furnace Control

Microprocessor controls used in HVAC systems can control
both the combustion system and the blower speed to
optimize system operation for a variety of load conditions.

SAFETY
CONTROLS

e LIMIT
* FLAME ROLLOUT
* INDUCER

T INDOOR
A TEMP.
Q
T OUTDOOR
AAA TEMP.

BLOWER

SPEED <j_|
CONTROL O
MICROPROCESSOR

CONTHOL HIGH/LOW
HEAT
CONTROL
—

TWO-STAGE
GAS VALVE

CYCLE
LENGTH
CYCLE
FREQUENCY

IGNITER
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6.0.0-6.7.0

Lockout Relay Used in an
HVAC Control Clrcwt

TOP ER SUPPLY FOR CONTROL CIRCU -

* Alockout relay
prevents the HVAC  —
equipment from . f;tjz_??
restarting when one of  _ccon  prcssumsns
the safety controls has E 2
been activated.

Lockout relays require
a system reset before
the equipment can be
restarted.




6.0.0-6.7.0

Time Delay Relay
Used to Control a Blower

4 j '
| e 4w
65 ~H




6.0.0-6.7.0

Freezestat

A freeze protection
thermostat (FPT) or
freezestat prevents
the evaporator coill
from freezing up.

The freezestat opens
If the refrigerant
temperature drops
below a predetermined
setpoint.




6.0.0-6.7.0

Example of a
High-Temperature Limit Switch

« Common furnace

controls include the fan
control, limit switch,
thermocouple, and
Inducer proving switch.

A high-temperature limit
switch opens the circuit
If the heat exchanger
exceeds a preset
temperature.




6.0.0-6.7.0

Thermocouple Used in a Safety Pilot

* Athermocouple uses dissimilar metals to control electron
flow.

« Athermocouple is used to prove the presence of a pilot
light in the furnace. If the thermocouple does not sense
the presence of a flame, it shuts off the gas valve.

THERMOCOUPLE —

PILOT

06408-14_F28.EPS /] &




6.0.0-6.7.0

Thermocouple Testing

* The gas valve manual feed
must be pressed for 45 to
60 seconds when lighting
the pilot to allow the
thermocouple to heat up.

« Thermocouples can be
tested by measuring the
voltage between the
sensing rod and the end of g aas |
the cable. An unloaded 7

DC VOLTMETER

thermocouple should read
at least 18mV.




6.0.0-6.7.0

Sail Switch

 Afirestat stops the fan if the return air temperature
exceeds 160° F.

« An airflow (sall) switch is installed in heating ductwork to
ensure airflow before the heating elements are activated,
or in cooling systems to verify airflow across the
condenser/evaporator before the compressor is turned on.

pp— -
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6.0.0-6.7.0

Combustion Airflow
Pressure-Sensing Switch

* |f the inducer motor fails to
operate, the inducer switch
opens and prevents
control voltage from being
applied to the gas valve.

 Either a centrifugal switch
or a pressure-operated
switch can be used as an
Inducer switch. Pressure
switches are more reliable
than centrifugal switches.




6.0.0-6.7.0

Electronic Defrost Control

Due to the
pressure/temperature
relationships in an air
conditioning system,
moisture can build up and
freeze on the outdoor
coll, even at
temperatures above

40° F.

Heat pumps require a
defrost control to prevent
frost buildup on the
outdoor coll.

26408-14_F32.EPS




6.0.0-6.7.0

Defrost Speed-Up Jumper

 Modern heat pumps
use an electronic
defrost control board
with an automatic
timer that can be set
to suit the local
conditions.

* The defrost test
cycle is activated by
jumpering across two
terminals on the

board. y 4}.,._




7.0.0-7.3.0
HVAC Digital Control Systems

BUILDING AUTOMATION
SYSTEM COMPUTER

SYSTEM SYSTEM SYSTEM SYSTEM
CONTROLLER CONTROLLER CONTROLLER CONTROLLER
HVAC LIGHTING FIRE SECURITY
CHILLER _ 4 T REMOTE REMOTE REMOTE
BOILER SENSORS AND SENSORS AND SENSORS AND
ACTUATORS ACTUATORS ACTUATORS

AIR TREATMENT
WATER TOWER
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7.0.0-7.3.0

HVAC System Control Module

* A centralized building management system can be used

to integrate all building systems for maximum comfort
and efficiency.

* Processor modules, such as the one shown here, are
used to control the interface between the building
management system and the HVAC equipment.




7.0.0-7.3.0

Changes are Small and Occur Gradually

ME * Real-world processes that
9:00 10:00 11:00 12:00 1:00 Involve changes in
AN D I . I pressure, temperature,
liquid level, and fluid flow

| \ are best represented by an
=T // - analog device.

e e Bl B S B -~ + An analog-to-digital

s L converter is used to convert
small analog changes into
a digital output for use with

74 1+

SPACE TEMPERATURE (F)

66 1
TEMPERATURE CYCLE

> - COMFORT ZONE a two-state or binary device
(digital).
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7.0.0-7.3.0

Next Session...

Conitrol Circult Review




Control Circuit Review

SETPOINT

é ADJUSTMENT ( \
TC (

ON

115VAC :D E

g
OFF O—o0
COMPRESSOR
OUTDOOR F % INDOOR

FAN FAN
FAN
MOTOR
OFF COMPRESSOR

TC

® O/O O
ON
115VAC @:
FAN MOTOR

'_? L
—¢

G

26408-14_F38.EPS




230VAC

L1 oL COMPRESSOR MOTOR

Typical Cooling System Control Circuit

IFR
I} (ﬂl .
IFM
VAAAA
ey
24V
ON FAN
L 3
IFR

AUTO
T
o

(c)
) S
26408-14




Circuit Diagram of a Cooling/Gas Heating System




9.0.0-9.5.0

NEC® Requirements

CONTROL
WIRE

Disconnecting means shall
be located within sight of and

Resistance-type heating
elements must be

_ protected at not more
than 60A. Equipment
rated at more than 48A
must have the elements
subdivided

AIRFLOW

readily accessible from the THERMOSTAT
air conditioning or refrigeratin
bl il ¢ DISCONNECT SWITCH
NEC Section 440.14 HEAT PUMP
\ N FAN RELAY

A rated-load current in
amperes of the motor
compressor shall be
marked by the equip-
ment manufacturer

on either or both the
motor compressor
nameplate and the
nameplate of the
equipment in which the

motor compressor is used. LIQUID PIPE ~
A

NEC Section 440.4

FAN SECTION

- COIL

AIR INLET BASE

SUCTION PIPE \ CONDENSATE DRAIN

—SUPPLEMENTARY OVERCURRENT
PROTECTION OF HEATING ELEMENTS

|__HEATING ELEMENTS <>— 240V FEEDER

MOTOR
CONTROLLER ®

——Circuit breaker may serve as

Must be in sight of controller or the required d‘SCOHfTectlng means

else be capable of being locked NEC Section 424.1
in the open position.
~

™ MOTOR CONTROLLER
~—— ELECTRIC FURNACE

Motor-driven electric space
heating ('/s hp or over) must
have a disconnecting means
located within sight of the
motor controller or lockable per
NEC S 12 1

Sectic )

Disconnect switch must be in
sight of th
NEC

24. 19(A)2)(

26408-18_F41 EPS



9.0.0-9.5.0

Summary of NEC® Requirements for
Hermetically Sealed Compressors

Application

NEC® Regulation NEC® Reference

NEC Section 440.4(A)

Marking on hermetic

Hermetic compressors must be provided with a nameplate containing

compressors the manufacturer's name, , or symbol, fying Y,

phase, voltage, frequency, rated-load current, locked-rotor current, and

the words ly prot , it approp
Marking on Controllers serving hermetically sealed compressors must be marked NEC Section 440.5
controliers with the maker's name, trademark, or symbol, identifying designation,

Ampacity and rating

voltage, phase, and full-load and locked-rotor currents (or hp rating).
Conductors for hermetically sealed compressors must be sized
according to NEC Tables 310.15(8)(16) through 310.15(B)(19) or
calculated in accordance with NEC Section 310.15, as applicable

NEC Section

S
>

Highest rated motor  The largest motor is considered to be the motor with the highest rated- ~ NEC Section 440.7
load current

Single machine The entire HVAC system is considered to be one machine, regardiess NEC Section 440.8
of the number of motors involved in the system.

Rating and The disconnecting means for hermetic compressors must be selected on  NEC Section 440.12(A)

interrupting capacity

the basis of the nameplate rated-load current or branch circuit selection
current, whichever is greater, and locked-rotor current, respectively.

Cord-connected For cord-c , an plug and recep are  NEC Section 440.13
equipment permitted to serve as the disconnecting means.
Location A disconnecting means must be located within sight of the equipment. The NEC Section 440.14

Short circuit and
ground fault
protection

Rating of short circuit
and ground fault
protective device

disconnecting means may be mounted on or within the HVAC equipment.
Amendments to NEC Article 240 are provided here for circuits
supplying hermetically sealed compressors against overcurrent due to
short circuits and grounds

The rating must not exceed 175% of the compressor rated-load current;
if necessary for starting, the device may be increased to a maximum

of 225%. [Do not exceed the manufacturer’s value per NEC Section
440.22(C))

NEC Section

NEC Section

440.21

440.22(A)

Compressor branch  Branch circuit conductors supplying a single compressor must have an NEC Section 440.32
circuit conductors ampacity of not less than 125% of either the motor compressor rated-
load current or the branch circuit selection current, whichever is greater.
NEC Section 440.33

Conductors supplying more than one compressor must be sized for the
total load plus 25% of the largest motor’s full-load amps

Combination load Conductors must be sufficiently sized for the other loads plus the NEC Section 440.34
required ampacity for the compressor as required in NEC
Sections 440.32 and 440.33.

Multi-motor load Conductors must be sized to carry the circuit ampacity marked on the NEC Section 440.35

equipment
Controller rating

equipment as specified in NEC Section 440.4(8).

Controllers must have both a continuous-duty full-load current rating
and a locked-rotor current rating not less than the nameplate rated-load
current or branch circuit selection current, whichever is greater, and
locked-rotor current, respectively.

NEC Section 44

Application and Each motor must be against overload and failure  NEC Section 440.52(A)
selection of to start by one of the means specified in NEC Sections 440.52(A)(1)
controllers through (4)

Overload relays

Equipment on 15A or
20A branch circuit;
time delay required

Overload relays and other devices for motor overload protection that are
not capable of opening short circuits must be protected by a suitable
fuse or inverse time circuit breaker.

Short circuit and ground fault protective devices protecting 15A or 20A
branch circuits must have sufficient time delay to permit the motor
compressor and other motors to start and accelerate their loads.

NEC Section

NEC Section

440.53

4

B
@

4(B)




9.0.0-9.5.0

NEC® Regulations
Governing Motor Compressors

Motor compressor with Note: Ensure that the

additional motor loads disconnect is NOT located Note: The unit nameplate may require fuses as the

shall have an ampacity directly behind unit and OCD. Therefore a fused disconnect would be required.

not less than the sum of provide sufficient access

the rated loads plus 25% and working space in

of the largest motor's FLA. accordance with Disconnecting means may be

NEC Section 440.33 NEC Section 110.26. mounted on or within the
HVAC equipment. Disconnect

Conductors for motor compressors must be must be located within sight of

sized according to NEC Tables 310.15(B)(16) equipment.

accordance with NEC Section 310.15, as

through 310.15(8)(19) or calculated in ' NEC Section 440.14
applicable, and NEC Section 440.6. '

Short circuit and ground fault
protective device rating must

not exceed 175% as a normal
rule. NEC Section 440.22(A)

COOLING— |
colL

Disconnect switch rating must
be selected on the basis of the
nameplate rated-load current
or branch circuit selection
current, whichever is greater.
NEC Section 440.12(A)

REFRIGERANT
LINES

FURNACE—|

Hermetic compressors must
be provided with a nameplate.

QUTDOOR UNIT NEC Section 440.4

26408-14_F42.EPS ‘ &1 .
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9.0.0-9.5.0

Compressor Branch and Control Circuits

The provisions of NEC Article 430,
art IV and NEC Article 310
specify sizes of conductors

required to carry the motor
current without overheating. |
NEC Section 440.31

Branch circuit conductors
must be rated at least 125%
of the motor compressor

Overcurrent protection for motor
compressors must not exceed
175% of the motor’s rated-load
current or branch circuit selection
current, whichever is greater,
unless this rating is not sufficient
to allow the motor to start; in this
case, a higher rating is allowed,
but not to exceed 225%.

NEC Section 440.22(A)

\ — Disconnect must be rated at least

115% of the rated-load current or
ralgd-!s)ad current. \O branch circuit selection current,
NEC Section 440.32 [ whichever is greater.

Motor controller must have
both a continuous-duty full-load
current rating and a locked-rotor )
current rating not less than the '
nameplate rated-load current or ’
branch circuit selection current, ;
whichever is greater, and locked- '
rotor current, respectively. '
NEC Section 440.41(A)

OVERLOAD PROTECTION
Each motor compressor must be
protected against overload and
failure to start by one of the following:

* Separate overload relay
* An integral thermal protector
* A fuse or inverse time circuit breaker
* An approved protective system
NEC Section 440.52

NEC Section 440.12(A)(1)

—— CONTROL
CIRCUIT

R AN
Y ‘T‘“\/"\

%

............ THERMOSTATIC

CONTROL

M MOTOR COMPRESSOR

26408-14_F43 EPS




9.0.0-9.5.0

NEC® Requirements for Lighting
and Switches for HVAC Equipment

LIGHT
NEC Section 210.70(A)(3)

HVAC EQUIPMENT

LIGHTS
NEC Section 210.70(A)(3)

SWITCH AT TOP
OF BASEMENT STAIRS

NEC Section 210.70(A)(2)(C)

LIGHT
NEC Sectio.

n

210.70(A)(3)

’/l\\
SWITCH
NEC Section 210.70(A)(3)
UNFINISHED
BASEMENT

CRAWL
SPACE

HVAC

EQUIPMENT

HVAC EQUIPMENT

THREE-WAY SWITCHES
REQUIRED IF MORE THAN
SIX STEPS IN STAIRWAY

26408-14_F44.EPS (&1




9.0.0-9.5.0
NEC® Requirements for Locating

125V Receptacles at HVAC Equipment

A 125V, single-phase, 15A or 20A receptacle
outlet must be installed at an accessible
location for servicing HVAC equipment in attics.
The receptacle must be located on the same
level and within 25" of the HVAC equipment.

NEC Section 210.63

ATTIC
= &
-
M e
A GFCI receptacle outletis %
required for rooftop equipment. %
NEC Sections 210.63 and 210.8
25'OR LESS 7
All 125V, single-phase, 15A and 20A
Note: Disconnect required receptacles installed outdoors must 4
within sight of all equipment have ground fault circuit interruption V]
per NEC Section 440.14. protection for personnel. ]
NEC Sections 210.63 and 210.8
OUTDOOR UNIT
CRAWL SPACE EI MO

8

UNFINISHED
BASEMENT

NANNNNNAANNNNNNNN

A 125V, single-phase, 15A or 20A GFCI receptacle outlet must be installed at an
accessible location for servicing HVAC equipment in crawl spaces or unfinished basements.

The receptacle must be located on the same level and within 25' of the HVAC equipment. I

NEC Sections 210.63 and 210.8
26408-14_F45 EPS




9.0.0-9.5.0

Branch Circuits for
Room Air Conditioners

When lighting or other loads are on the same circuit, O O_/ Manual controls must be

the total rating of a room air conditioner on a 20A E readily accessible and located
circuit may not exceed 50% of the branch circuit rating within 6' of the floor.

unless interlocked to prevent simultaneous operation. NEC Section 440.63

NEC Section 440.62(C)

c &

) O O ? ’ Maximum length of cord: 10' for
20A /‘R 120V; 6' for 208V or 240V.
CIRCUIT 00 NEC Section 440.64
BREAKER LIGHTING "
Attachment plug and receptacle
Jf ‘ A are permitted to serve as the

RECEPTACLE RECEPTACLE disconnect‘ing means.
FOR ROOM NEC Section 440.63

AIR CONDITIONER

26408-14_F46.EPS




9.0.0-9.5.0

Fixed Air Conditioner
Connected to a Branch Circuit

When no other loads are on the same circuit, total

; : i P l_—Manual controls must be
rating of a room air conditioner on a 20A circuit may E O G’ readily accessible and located
not exceed 80% of the branch circuit rating. : ;

within 6' of the floor.
NEC Section 440.62(B) NEC Section 440.63

T
F 2 O O T Maximum length of cord: 10'
for 120V; 6' for 208V or 240V.
s NEC Section 440.64
@
X
s Attachment plug and receptacle
j/ 3 2 £ are permitted to serve as the
disconnecting means.
RECEPTACLE (oS e
AIR CONDITIONER

26408-14_F47.EPS




9.0.0-9.5.0

NEC® Installation Guidelines for
Electric Baseboard Heaters

Listed baseboard heaters Overcurrent protective device
include instructions that must be sized at not less than
may not permit their use 125% of the total load.

below receptacle outlets NEC Section 424.3(B)

in residential, commercial,

or industrial applications. Note: NEC Section 240.3

Receptacle outlets

NEC Section 424.9 refers to NEC Section 424.
must not be connected @. (Informational Note)
to the heater circuit.

NEC Section 424.9 <$>——-Branch circuits supplying

two or more outlets for fixed

% — T O T electric space heating
e llnstalled @ i equipment must not exceed
L?Eeﬁé?ﬁﬁté’é"i'ﬁts %) 30A in residential
lieu of those FIXED HEATING UNIT THERMOSTAT applications or 50A

in other-than-residential
applications.
NEC Section 424.3(A)

required in the NEC.
NEC Sections 210.52
and 424.9

RRRRRRRNNNRNNNNR NN NRNNRRRARE| <>—— Branch circuit conductors
. : § must be sized at not less
‘ ] than 125% of the total load.
FIXED HEATING UNIT THERMOSTAT NEC Section 424.3(B)

All exposed noncurrent-
carrying metal parts of
electric space heaters

must be grounded. [© %)
NEC Article 250 Each unit of fixed space ‘ XYZ2000
heating equipment must
be provided with a name-
plate giving information as
specified in the NEC.

NEC Section 424.28(A)

Manufacturer's Name
Phase Voltage Amperes, Watts, or Volt-Amperes

For Use on AC only

@ 09856-598763-888-79 Q
26408-14_F48.EPS ‘&




9.0.0-9.5.0

NEC® Regulations for the Installation
of Electric Space Heating Cable

WALL
PLATE

Drywall gypsum
board must not
exceed '/2" in thickness.
NEC Section 424.41(G)

Heating cable must
be furnished complete
with factory-assembled
nonheating leads at
least 7' in length.
NEC Section 424.34

Each unit length of heating
cable must have a permanent
legible marking on each
nonheating lead located
within 3" of the terminal

end; they must be color-
coded as shown here.

NEC Section 424.35

HEATING CABLE

Heating cable must have a
clearance of at least 8" from
the edge of outlet boxes to

be used for mounting surface
lighting fixtures; 2" for recessed
\ fixtures and their trims.

\ NEC Section 424.39

4" clear space
from wall

In general,

cable must not
be installed

/ in walls.

/ NEC Section 424.41(A)

Staple 6" from turn, 3" from turn,
and then staple on radius of bend;
maximum staple spacing = 16",

YELLOW | =120V nominal
= 208V nominal
- = 240V nominal
= 277V nominal
_ = 480V nominal

Conventional wiring located
above thermal insulation
(2" or more in thickness)
need not have correction
for temperature applied.

NEC Section 424.36

Conventional wiring
located above heating
cables must be not

less than 2" above the
heating cable; ambient
temperature is considered
to be 50°C or 122°F.
Ampacity of conductor
must be derated.

NEC Section 424.36

26408-14_F40.EPS




Troubleshooting

Malfunction

Compressor motor
and condenser
motor will not start,
but the blower motor
operates.

Compressor,
condenser, and
blower motors will
not start.

Condensing
unit cycles too
frequently.

Inadequate cooling
with condensing unit
and blower running
continuously.

Responses
Check the thermostat system switch to ascertain
that it is set to COOL.

Check the thermostat to make sure that it is set
below room temperature.

Check the thermostat to see if it is level. Mercury
bulb thermostats must be mounted level; any
deviation will ruin their calibration.

Check all low-voltage connections for tightness.

Make a low-voltage check with a voltmeter on the
condensate overflow switch; the condensate may
not be draining.

Make a low-voltage check of the pressure
switches.

Check the thermostat system switch setting to
ascertain that it is set to COOL.

Check the thermostat setting to make sure it is
below room temperature.

Check the thermostat to make sure it is level.
Check all low-voltage connections for tightness.
Check for a blown fuse or tripped circuit breaker.

Make a voltage check of the low-voltage
transformer.

Check the electrical service against minimum
requirements (correct voltage and amperage).
Check room thermostat location.

Check all low-voltage wiring connections for
tightness.

The equipment could be oversized.

Check for refrigerant leak or undercharge.

Check for undersized equipment.

Corrective Action

Make necessary adjustments to settings.
Make necessary adjustments.

Remove cover plate, place a spirit level on top
of the thermostat base, loosen the mounting
screws, and adjust the base until it is level;
then tighten the mounting screws.

Tighten.

The float switch is normally found in the
condensate pump. Repair or replace.

Replace if defective. Call a qualified HVAC
technician to check the system charge.

Adjust as necessary.
Adjust as necessary.

Correct as required.
Tighten.

Determine the cause of the open circuit and
then replace the fuses or reset the circuit
breaker.

Replace if defective.

Update as necessary.

Move if necessary.
Tighten.

Call qualified HVAC technician to check
system capacity.

Call in a qualified HVAC technician to check
for leaks in the refrigerant lines and/or to add
charge.

Call qualified HVAC technician to check
system capacity.




Troubleshooting

Condensing unit
cycles, but the
evaporator blower
motor does not run.

Unit shows
continuous short
cycling of evaporator
blower and provides
insufficient cooling.

Thermostat calls for
heat, but the blower
motor does not
operate.

Thermostat calls for
heat; blower motor
operates, but it
delivers cold air.

Thermostat calls

for heat and blower
motor operates
continuously; system
delivers warm air,
but the thermostat is
not satisfied

Check all low-voltage connections for tightness.

Make a voltage check of the blower relay.

Make electrical and mechanical checks on the
blower motor.

Check for correct voltage at motor terminals.

Mechanical problems could be bad bearings or
a loose blower wheel. Bearing trouble can be
detected by tumning the blower wheel by hand
(with the current off) and checking for excessive
wear, roughness, or seizure.

Make electrical and mechanical checks.

Check all low-voltage connections for tightness.
Check all line-voltage connections for tightness.

Check for blown fuses or a tripped circuit breaker
in the line.

Check the low-voltage transformer.

Make a low-voltage check of the fan relay.

Make electrical and mechanical checks on the
blower motor.

Make a visual and electrical check on the heating
elements.

Make an electrical check of the heater limit

switch; begin by disconnecting all power to

the unit, then use an ohmmeter to check for
continuity between the two terminals of the

switch

Make an electrical check of the sequencer.

Most are rated at 24V and have one set of
normally open auxiliary contacts for pilot duty.

Check the electric service entrance and related
circuits against the minimum recommendations.
Check all joints in the ductwork for air leaks.
Check for a dirty air filter.

Make a visual and electrical check of the electric
heating element.

Make an electrical check of the heater limit switch
as described previously.

Check for undersized equipment

Corrective Action

Correct structural deficiencies with insulation,
awnings, etc., or install properly sized
equipment,

Tighten.
Replace if necessary

Repair or replace defective components.

Repair or replace motor if necessary.

Tighten.
Tighten.

Determine the reason for the open circuit and
replace the fuses or reset the circuit breaker.

Replace if defective.
Repair or replace if necessary.
Repair or replace the motor if defective.

If not operating, continue to the next check.

If the limit switch is open, repair or replace.

If the sequencer coil is open or grounded,
repair or replace.

Upgrade if necessary.

Make all defective joints tight.
Clean or replace filter.
Repair or replace if necessary.

Repair or replace.

Call HVAC technician to check system
capacity.
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Troubleshooting

Malfunction

Electric heater
cycles on limit
switches, but the
blower motor does
not operate.

There is excessive
noise at the return
air grille.

There is excessive
vibration at the
blower unit.

Responses
Make an electrical check of the fan relay.

Make electrical and mechanical checks on the
blower motor.

Check the line connections for tightness.

Check the return duct to make sure it has a 90°
bend.

Make a visual check of the blower unit to
ascertain that all shipping blocks and angles have
been removed.

Check the blower motor assembly suspension
and fasteners.

Visually check for vibration isolators (which
isolate the blower coil from the structure).

Visually check to ascertain that all shipping
blocks and angles have been removed from the
blower unit.

Check the blower motor assembly suspension
and fasteners.

Corrective Action
Repair or replace if defective.
Repair or replace if defective.

Make any necessary changes.

Correct if necessary.

Remove if necessary.

Tighten if necessary.

If missing, install as recommended by the
manufacturer.

Remove if necessary.

Tighten if necessary.
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Next Session...

Wrap Up




Wrap Up
3-2-1
3 — Write 3 important things learned during class

2 — Wirite 2 questions you have about the material
1 — Write 1 thought you had about the material

HVAC Controls 26408-14 « {&A




Next Session...

MODULE EXAM

Review the complete module to prepare
for the module exam. Complete the Module
Review as a study aid.
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