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Preface

This is the harmonized CSA Group and UL standard for Heating and Cooling Equipment. It is the fifth
edition of CSA-C22.2 No. 236, and the fifth edition of UL 1995.

This harmonized standard was prepared by the CSA Group and Underwriters Laboratories Inc. (UL). The
efforts and support of the heating and cooling equipment industry, the Air Conditioning and Refrigeration
Institute (ARI), and the Heating, Refrigerating, and Air Conditioning Institute of Canada (HRAI) are
gratefully acknowledged.

This standard is considered suitable for use for conformity assessment within the stated scope of the
standqrd:

This Standard was reviewed by the CSA Subcommittee on Appliances for Air-Genditipning for Household
and Similar Purposes, under the jurisdiction of the CSA Technical Committee jon Consumer and
Commercial Products and the CSA Strategic Steering Committee on the Requirements for Electrical
Safety} and has been formally approved by the CSA Technical Committees: It was alsq reviewed by the UL
Standards Technical Panel 1995 and processed according to the method of development, revision, and
implementation of UL standards for safety.

Appli¢ation of Standard

Wherg reference is made to a specific number of samiples to be tested, the specified number is to be
considered a minimum quantity.

Note: AJthough the intended primary application of this_standard is stated in its scope, it is important to| note that it remains the
respongibility of the users of the standard to judge its suitability for their particular purpose.

Level of harmonization

This sfandard uses the IEC format-but is not based on, nor is it considered equivalent fo, an IEC standard.
This sfandard is published as.an’equivalent standard for CSA Group and UL.

An equivalent standard'is/a standard that is substantially the same in technical content, except as follows:
Technical national (differences are allowed for codes and governmental regulations as well as those
recognized as being in accordance with NAFTA Article 905, for example, because of findamental climatic,
geographical,technological, or infrastructural factors, scientific justification, or the level of protection that
the colntry.considers appropriate. Presentation is word for word except for editorial chpnges.

Reasonsfor-differencesfromlEC

The THSC investigated and found no existing IEC standards or work programs covering the scope of the
products in this standard.

Interpretations

The interpretation by the standards development organization of an identical or equivalent standard is
based on the literal text to determine compliance with the standard in accordance with the procedural rules
of the standards development organization. If more than one interpretation of the literal text has been
identified, a revision is to be proposed as soon as possible to each of the standards development
organizations to more accurately reflect the intent.


https://ulnorm.com/api/?name=UL 1995 2022.pdf

CSA C22.2 No. 236-15 ¢ UL 1995 AUGUST 1, 2022

No Text on This Page



https://ulnorm.com/api/?name=UL 1995 2022.pdf

AUGUST 1, 2022 CSA C22.2 No. 236-15 ¢ UL 1995

Heating and cooling equipment

1 Scope

1.1 These requirements apply to the following stationary equipment for use in nonhazardous locations

rated greater than 600 volts up to 7200 V, and remote control assemblies for such equi

pment:

a) Heat pumps, for heating and cooling with or without factory, or field-installed electric resistance

heaters, or hot water or steam heating coils;

h) Air conditicners-for hnnling with ar withaut far\fnry orfiald-installed alectricr
Sy ReHHORBS10f HRg- Ao AR U6t RO He1a-H RSt a8 818 6HHEH

sistance heaters, or

hot water or steam heating coils;

remote condensers;
d) Add-on heat pumps for comfort heating or heating and cooling;*and

e) Heat pump water heaters and refrigerant desuperheaters, and package

. Note: The above equipment rated 600 V or less are covered by the scope'of ANCE/CSA/UL 60335-2-40.

These requirements apply to the following stationary equipment for use in non
rated 7200 V or less, single- or 3-phase, and’‘remote control assemblies for suc

a) Heat pumps, for heating and cooling with or without factory, or fi
resistance heaters, or hot water or steam heating coils.

heaters, or hot water.or steam heating coils.

c) Cooling portion and associated components of combination h
equipmentiemploying gas-, oil-, or gas-oil-fired heating means. Howev
for the construction and performance of the gas-, oil-, or gas-oil-fired
theirvassociated components, are to conform to the particular stand
heating equipment and components.

d) Liquid chillers and compressor-evaporator or liquid chiller assembl
with remote condensers.

heaters consisting of a heat pump water heater and an associated storage tankj;

c¢) Liquid chillers and compressor-evaporator or liquid chiller assemblies infended for use with

d heat pump water

hazardous locations
N equipment:

eld-installed electric

b) Air conditioners for cooling with or without factory, or field-installed electric resistance

eating and cooling
br, the requirements
neating means, and
ards covering such

es intended for use

e) Condensing units intended for connection to a remote nonspecified evaporator and

compressor units intended for connection to a remote nonspecifi
condenser.

f) Add-on heat pumps for comfort heating or heating and cooling.

ed evaporator and

g) Heat pump water heaters and refrigerant desuperheaters, and packaged heat pump
water heaters consisting of a heat pump water heater and an associated storage tank.

h) Fan units and fan coil units for comfort heating and/or comfort cooling

i) Room fan heater units, central heating furnaces, and similar fixed electric space heating

for comfort heating.
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1.2 These requirements apply to the following stationary equipment for use in nonhazardous locations
rated 7200 V or less, single or 3-phase, and remote control assemblies for such equipment:

a) Cooling portion and associated components of combination heating and
employing gas-, oil-, or gas-oil-fired heating means. However, the requirements

cooling equipment
for the construction

and performance of the gas-, oil-, or gas-oil-fired heating means, and their associated components,
shall conform to the particular standards covering such heating equipment and components;

b) Condensing units intended for connection to a remote nonspecified evaporator and compressor
units intended for connection to a remote nonspecified evaporator and condenser; and

c) Room fan heater units, central heating furnaces, and similar fixed electric space heating for

comfort hngfing

Note: TH
products

1.3 A
that su
dampe
means

14 A
both. T
cooled
for sted

1.5 A
unit thd
for con

1.6 A

are not covered by the scope of ANCE/CSA/UL 60335-2-40.

The units referenced in Clause 1.1(g), self-contained heat pumps and air ¢
cord-connected if they

a) are for indoor use only;
b) are rated 250 V or less, single phase, with.atnarked rating of 24 A or |

c) comply with Clause 1.11.

fan unit includes a motor-operated fan or.bléWwer and is intended to be connect
bplies conditioned air for environmental heating and/or cooling. Such a unit may
I's, but does not include a factory-installed heat exchanger or any other integra

fan coil unit includes a motor=eperated fan or blower together with a cooling cg
he fan or blower is intendedto recirculate air, and can introduce air from outsi
space. The coil can be used for refrigerant cooling, for chilled water cooling, fo
m heating, or for cambinations of these functions.

fan coil unit js‘intended to be piped to a remote source of the heating and/or

fort cooling and/or a water or steam coil for comfort heating is provided in the un

roemyfan heater unit is intended for heating only, includes a motor-operated fan

ngle or 3-phase. These

bnditioners may be

bss; and

bd to a duct system
have air-controlled
| heating or cooling

il, a heating coil, or
de of the heated or
I hot water heating,

tooling mediums. A

tincludes an-electric resistance heater is considered to be a fan coil unit if a water or refrigerant coil

it.

or blower, employs

electri

resistance heat as the nnly heat sol Iree, and.is intended to serve nnly one roo

or space.

1.7 A fan coil unit or electric space heating equipment, as covered by these requirements, can be
designed for free discharge of air to the room or can be provided with means for duct connection.

1.8 A central warm air furnace is a heating appliance that consists of an electric heating element or
elements with an air-circulating fan or blower, is provided with appropriate integral operating and
temperature-limiting controls, and is housed in an enclosure designed to be connected to ductwork for the
distribution of the heated air remote from the unit.

1.9 The units referenced in Clause 1.1 and 1.2 can consist of one or more factory-made assembilies. If
provided in more than one assembly, the separate assemblies are to be used together, and the
requirements are based on the use of matched assemblies. These requirements apply to assemblies
designed for free discharge of air into the conditioned space as well as those which may be provided with

means

for duct connection.
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The units referenced in Clause 1.1 can consist of one or more factory-made assemblies. If
provided in more than one assembly, the separate assemblies are to be used together, and the

requirements are based on the use of matched assemblies. These req
assemblies designed for free discharge of air into the conditioned space as
may be provided with means for duct connection.

uirements apply to
well as those which

1.10 These requirements do not apply to add-on heat pump systems designed to utilize the indoor fan

motor

assembly of an installed furnace where:

a) The heat pump and furnace are intended to operate simultaneously during heating operation

except as noted in the Exception to Clause 26.17; or

b The reffigerant colt 15 tended 1o be mounted upstream (return air siadejof the furnace.
These requirements do not apply to add-on heat pump systems desighed to ditilize the indoor fan
motor assembly of an installed furnace where
a) the heat pump and furnace are intended to operate~simultaneosly during heating
operation except as noted in the Exception to Clause 26.A47; or
b) the refrigerant coil is intended to be mounted upstream (return air sid¢) of the furnace.

1.11 [These requirements apply to equipment designed”to be used in nonhazardous locations in

accordance with the rules of CSA C22.1, ANSI/NFPA-No. 70, CSA B52, ANSI/ASHRAE 15, NFPA 90A,

and NFPA 90B.

Note 1: Requirements for the installation of units designed, to\be connected to air duct systems are also inclyded in codes such as the

BOCA Basic National Mechanical Code, the ICC's Standard Mechanical Code, and the ICC's Uniform Mechgnical Code.

Note 2: Coolant distribution equipment are intended for use in an information technology room (ITE) that comples with NFPA 75.
These requirements apply~to equipment designed to be used in nonhazprdous locations in
accordance with the rules of CSA C22.1, ANSI/NFPA No. 70, CSA B52, ANSI[ASHRAE 15, NFPA
90A, and NFPA 90B.

Note: Requirements for.the installation of units designed to be connected to air duct systems are also included in codes
such as the BOCA\Basic National Mechanical Code, the ICC's Standard Mechanical Code,| and the ICC's Uniform
Mechanical Code!

1.12 |The values given in S| (metric) units are normative. Any other values given are for informational

purposes-only.

The values given in S| (metric) units are normative. Any other values given are for informational purposes

only.

1.13 Units intended for connection to telecommunication equipment are to have the appropriate
assembly containing such circuitry meet CAN/CSA C22.2 No. 225 and UL 1459.

1.14

The general requirements of CSA C22.2 No. 0 apply, except as follows:

a) “General Requirements”, Clause 3, and “Construction Details”, Clause 4
through 36 of this standard);

b) “Marking”, Clause 5 (refer to Clauses 43, 44, and 45 of this standard);

c) “Tests”, Clause 6 (refer to Clauses 46 through 79 of this standard).

(refer to Clauses 2
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The following Clauses of CAN/CSA-C22.2 No. 0 are superseded by the requirements of this

Standard:

a) "General Requirements", Clause 3, and "Construction Details", Clause 4 (refer to

Clauses 2 through 36 of this standard);
b) "Marking", Clause 5 (refer to Clauses 43, 44, and 45 of this standard);

c) "Tests", Clause 6 (refer to Clauses 46 through 79 of this standard).

1.15 These requirements do not cover panel or cable type radiant heating equipment, electric boilers,
baseboard heaters, air heaters, duct heaters, and unit coolers for refrigeration purposes, nor any other

electri
standa

2 Definitions

21 T

Absoldte Irradiance — E, (W/cm?), Radiant Flux incident on a sutface. The quotient o

elemer

Add-o
(withoy

Adjustable Speed Drive — A combination of the‘power converter, inverter, motor(s), n

and mq
blower:

Adjustable Speed Drive System — An‘interconnected combination of equipment tha

of adju
system

Air-cir
blower

Applia|
detach

Femalg cantact device is defined as an electrical connector surrounded by an electricg

such th

o ' H 4 L | - P 'y £
IIUGLIIIU CUUIPITICTTIU U appidrivCo Wil arc  CUVCTTU 1T Ul do d part Ul g

rds.

he following definitions apply in this Standard:

t of a surface to the area of that element.

n heat pump — a pump that normally consists of an outdoor section, one or m
t circulating fan), and related control devices.

tor-mounted auxiliary devices such as.encoders, tachometers, thermal switchel
5, heaters, and vibration sensors.

sting the speed of a mecghanical load coupled to motor(s) and/or motor-con

culating blower —the complete blower or fan assembly, including the blowe
housing, and the motor used to provide the means for the circulation of airina s

nce Coupler — A single-outlet, female contact device for attachment to a flexib
bble power-supply cord to be connected to an appliance inlet (motor attac

typically consists of an adjustable speed drive and auxiliary electrical apparatus.

at the electrical contact cannot be accessed with the probe illustrated in Figure 1.1

eparate, individual

f radiant flux at that

ore indoor sections

otor-compressor(s)
s and detectors, air

[ provides a means
pressor(s). A drive

r wheel or fan, the
ystem.

le cord as part of a
hment plug). Note:
lly isolated material
1.

Appliance Inlet (Motor Attachment Plug) — A male contact device mounted on an end product appliance
to provide an integral blade configuration for the connection of an appliance coupler or cord connector.
Note: Male contact device is an electrical connector that is inserted into a corresponding female contact

device

to complete the electrical connection for the appliance.

Ballast — A current limiting device required to start and operate fluorescent lamps.

Barrier — A partition for the isolation (insulation) of hazardous voltage electrical circuits or isolation of
electrical arcs, moving parts, or ultraviolet (UV) radiation from lamps.

Blocking diode — A diode used to block reverse flow of current into a photovoltaic source circuit.
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Cabinet — That part of the unit that encloses insulated wiring, electrical enclosures, moving parts, motors
or enclosed electrical parts.

Cascade system — A refrigeration system that incorporates two or more independent vapor-compressor
refrigeration cycles in series. This is done to acquire low temperatures that might not be readily achieved
with a single refrigeration cycle.

Charge controller — Equipment that controls dc voltage or dc current, or both, used to charge a battery.

Circuit, Class 2 — An extra-low voltage circuit with a power of 100 VA or less; or has 30 V dc supplied by a
prlmary battery oris supplled by a Class 2 transformer oris supphed by a comb|nat|on of a transformer
i ents for a Class 2
se output meets the
30 V by connecting
e and current, is not

rms (42.4 V peak or

, hazardous voltage —

A circuit of any voltage exceeding those of an extra-lowjvoltage circuit.

t that functions to
a hazard that might

Comblination temperature-regulating and -limiting. thermostat — A thermost3
regulate the temperature under normal conditions of.use, and also serves to prevent
result from conditions of abnormal operation of the‘heater.

Comprressor unit — An assembly that includes one or more compressors with assqciated controls and

wiring
integrg

A compressor unit may be intended-for field connection to a remote evaporat
| part of other refrigeration equiprment, and to a remote condenser. Operation

cycle mode.

Comprressor evaporator unit= An assembly that includes one or more compressag

with as

bsociated controls andwiring, and which are intended for field connection to a re

Computer room air conditoner (CRAC) — An air-cooled or water-cooled, special pur|

factory
heatin
Techn
single

assembledias a portable package, which is a self-contained combination of
j components. This equipment is intended to provide supplemental cooling
blogy..Equipment (ITE) and may contain network connections to ITE. It is intg
equipment room or space. It may contain condenser intake/exhaust grill(s) or

br, which may be an
may include reverse

rs and evaporators,
mote condenser.

pose air conditioner,
cooling and optional
only for Information
nded to condition a
separate ducts; and

contai

h return air plenum with duct(s), filter, or grill(s) but is not designed for conrn

ection to an HVAC

system.

In the US, this equipment is to be installed in accordance with Article 645 of NFPA 70 (National Electrical Code).

Condenser, forced-air cooled — An assembly that includes an air-cooled condenser and one or more
electric motor-driven fans or blowers to circulate air through the condenser coil.

Condensing unit — An assembly that includes one or more compressors and condensers with
interconnecting refrigerant piping and associated controls and wiring. A condensing unit may be intended
for field connection to a remote evaporator, which may be an integral part of other refrigeration or air-
conditioning equipment. Operation may include reverse cycle mode.

Control, auxiliary — A device or assembly of devices that provides a functional utility, is not relied upon as
an operational or protective control, and therefore is not relied upon for safety. For example, an efficiency
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control not relied upon to reduce the risk of electric shock, fire, or injury to persons during normal or
abnormal operation of the end product is considered an auxiliary control.

Control, manual — A device that requires direct human interaction to activate or reset the control.

Control, operating — A device or assembly of devices, the operation of which starts or regulates the end
product during normal operation. For example, an electronic motor on/off control, the failure of which
another layer of protection (e,g, a warning marking on a motorized brush) would reduce the risk of electric
shock, fire, or injury to persons, is considered an operating control.

Control, protective — A device or assembly of devices, the operation of which is intended to reduce the

risk of
operati
other d
During
and sin

Contrg

electric_shack fira or iniury to nersaons durina normal and reasaonably _an
7 S ki g 4 p4

ticipated abnormal

pn of the appliance. For example, a motor overload protector or a thermal |c
ontrol/circuit relied upon for normal and abnormal conditions, is considered g
the evaluation of the protective control / circuit, the protective functions jare ve
gle-fault conditions of the control.

I, type 1 action — The actuation of an automatic control for which the manufac

the drift (tolerance before and after certain conditions) of its operating value, operatin

sequer]

Contrd

ce has not been declared and tested under this standard.

I, type 2 action — The actuation of an automatic control for which the manufac

the drift (tolerance before and after certain conditions)-of its operating value, operatin

sequer

Conve

ce have been declared and tested under this standard.

rter — A device that accepts ac or dc powerinput and converts it to another form

Coolant distribution equipment — Air or.water-cooled equipment that is factory asse|

ofaco
a singl
This e
conneq
conneq
or grill(

In the U
single IT

Desigrn

blant distribution (pumping) unit,@nd separate evaporator (air conditioner) units
e |[TE equipment rack. The pumping unit is intended for connection to a dedic
nuipment is not provided\with a hermetic refrigerant motor-compressor an
tion to an HVAC systeny that serves other occupancies. The equipment m
tions, condenser intake/exhaust grill(s) or separate ducts; and return air plenur

5).

this equipmenthis dedicated solely for Information Technology Equipment use and intended to
room thatds/separated from other areas of occupancy in accordance with NFPA 70, Article 645.

L
D,

Ltout/limiter, or any
protective control.
rified under normal

uring deviation and
y time, or operating

uring deviation and
y time, or operating

of ac or dc power.

mbled and consists
intended to service
ated branch circuit.
i not designed for
by contain network
n with duct(s), filter,

pe located only within a

pressure — The maximum allowable working pressure for which a specific part of a system or the

unit is qiesigned.

Desuperheater — Factory-assembled equipment in which the flows of refrigerant vapour and water are
maintained in such heat transfer relationship that the refrigerant vapour is desuperheated and the water is
heated. Normally it consists of a heat exchanger, water pump, and associated controls, but without a self-
contained refrigerating system.

Downflow unit — A forced air unit so designed that the air to be heated is forced vertically downward
through the equipment heating compartment and discharged through the equipment base.

Enclosure — That part that houses electrical components, internal wiring, and uninsulated hazardous
voltage live parts.

Flash gas bypass valve — Regulates the removal of gas from the flash gas tank for compression.
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Flash gas tank — Supercritical gas after cooling in gas cooler is throttled to subcritical region and enters
this device whose function is to separate the vapor and supply liquid to evaporators for further expansion.

Functional part — A part other than an enclosure, cabinet, or structural part but which is necessary for the

intended operation of the unit (for example, fan blade, etc.)

Gas cooler — A heat exchanger designed to remove heat from a transcritical system.

Guard — That part of the cabinet, which, while permitting the passage of air, prevents contact with moving
or electrical parts. Guards may also protect users from exposure to Ultraviolet (UV) radiation from lamps.

Heate
examf
assen

Heatir
Heat €

Heat €
any lig

le, refractory or mica), metal sheath, thermal insulation, and frame or ada

bly together and fastening it in the heater enclosure; and leads and terminahcon

g element — The electrical conducting medium that is intended to bé-h€ated by
xchanger — A device specifically designed to transfer heat between two physicj

xchanger, double wall — A heat exchanger that has two distinct thicknesses of
uid or fluid from the heat transfer fluid.

Heat

xchanger, single wall — A heat exchanger with only one distinct thickness of

any liquid or fluid from the heat transfer fluid.

Heat pump water heater — Factory-assembled equipment in which a self-contained

is emp
to picK

Heate
assen

Heat 1
purpos
excha

loyed to transfer heat into water. ThelCondenser provides the heat, while the ev.
up heat from the air.

r guard — That part of the,enclosure provided to prevent accidental cont
bly, or to prevent debris from falling on the heater assembly.

ecovery unit — A-system used in conjunction with air conditioning or refrigeratiq
e of extracting~heat from the refrigerant to heat potable water. These prod
nger, water temperature control components and may also include additional g

hot w.

ter storage tanks, electric heaters and water circulating pumps. These prody

pump (water heeaters in that they do not utilize a self-contained refrigeration system,
from gn external (remotely located) refrigeration or air conditioning system to heat th
heat exchanger.

eetrical insulation (for

ptor for holding the
nections, or both.

an electric current.
lly separated fluids.

material separating

material separating

refrigerating system
Aporator is arranged

act with the heater

n equipment for the
ucts include a heat
omponents such as
cts differ from heat
but rather use heat
e water by way of a

High side — That part of a refrigerating system subject to condenser or gas cooler pressure.

Horizontal unit — A forced-air unit intended for installation in a horizontal position, and with the heater
casing located in the same horizontal plane as the air-circulating blower compartment.

Interactive system — A solar photovoltaic system providing power to a utilization load and operating in
parallel with, and may deliver power to, an electrical production and distribution network.

Intermediate Pressure Stage — An intermediate pressure stage on CO , transcritical systems that lays
between the highside and lowside pressure stages. This intermediate pressure range may be regulated by
a flash gas bypass valve and this stage may include a flash gas tank and gas cooler.
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Lampholder — A wiring device intended for making connection to the electrical circuits of a lamp and, in
some cases, providing support.

Low side — That part of a refrigerating system subject to evaporator pressure.

Maximum Operating Current (MOC) — MOC is marked instead of motor FLA on air-conditioning and
refrigerating equipment having adjustable speed drives or drive systems. MOC is the current resulting
when an electric motor and adjustable speed drive or drive system are operated under any conditions
such as maximum speed/maximum load, maximum speed/minimum load, minimum speed/minimum load,
minimum speed/maximum load, including locked-rotor such that current to the motor/adjustable speed

drive or drive system is at a maximum. The MOC is the current at the input of the adjustable speed drive.

Maxin’]um Rated Current (MRC) — MRC is marked instead of motor-compressor,

equipmn
refrigef
conditi
speed/
motor-
input o
60335-

Media

Multi-g
conder]
piping,
be inte|
system

Photoy
sunligh

Photoy
electrig

Photoy
and ot
expos¢

ent having adjustable speed drives or drive systems. MRC is the current resulti
ant motor-compressor and adjustable speed drive or drive system are o
bns such as maximum speed/maximum load, maximum speed/minimu
minimum load, minimum speed/maximum load, including locked-rotor such
compressor/adjustable speed drive or drive system is at a maximum . The MRC
the adjustable speed drive. The test conditions to determine th€ MRC are foung
2-34 or CAN/CSA C22.2 No. 60335-2-34.

wheel — Non metallic device that transfers energy from’'one air stream to anothe

ircuit unit — An assembly intended primarilyfor refrigeration applications th
sing units, compressor units, or compressaors, with single or multiple condenss
controls, and wiring, mounted on a commaon frame or in a common housing. A n
nded for field connection to remote evaporators that form multiple refrigeration
S.

yoltaic (PV) cell — The basic photovoltaic device that generates electricity
t.

yoltaic (PV) inverter'= Equipment that is used to change the voltage level or w
al energy. Typically\changes dc input to an ac output.

yoltaic (PV).module — A complete, environmentally protected unit consisting o

RLA and LRA on
ng when a hermetic
pberated under any
m load, minimum
that current to the
is the current at the
in Annex AA of UL

I air stream.
bt includes multiple
brs, with associated

nulti-circuit unit may
or air-conditioning

when exposed to

aveform, or both, of

f solar cells, optics,

her compoafents, exclusive of a solar tracker mechanism, designed to generate dc power when

d to sunlight.

—The pi r mains for interconnecting the vari f a refriger

Piping

ing system. Piping

includes pipe, flanges, bolting, gaskets, valves, fittings, the pressure-containing parts of other components
such as expansion joints, strainers, and devices that serve such purposes as mixing, separating,
snubbing, distributing, metering, or controlling flow, pipe-supporting fixtures, and structural attachments.

Plenum — A chamber associated with air-handling apparatus, for distributing the processed air from the
apparatus (outlet plenum) to the outlet ducts, or for receiving air to be processed by the apparatus (return
plenum).

Potable water — Water intended for human consumption.

Pressure-limiting device — A mechanism that automatically responds to a predetermined pressure by
stopping the operation of the pressure-imposing element.
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Pressure relief device — A pressure (not temperature)-actuated valve or rupture member that functions to
relieve excessive pressure automatically. A hermetic compressor's internal pressure relief valve is not
considered a pressure relief device.

Pressure-regulating relief valve — Similar to a pressure-relief valve except specifically intended for use
with refrigeration systems utilizing carbon dioxide (R744) as the refrigerant in a secondary loop or cascade
system. The pressure-relief setting of this valve is always lower than the relief setting of a pressure-relief
valve. This valve may open and re-close many times during the life of the system.

Pressure-relief valve — A pressure-actuated valve held closed by a spring or other means and designed
to automatically relieve pressure in excess of its setting.

Presspure vessel — A closed vessel, used for containing, storing, distributing, trJansferring, distilling,
procegsing, or otherwise handling any gas, vapour, or liquid under pressure and:asAufther defined in CSA
B52 and ANSI/ASHRAE 15.

Rooft

bp equipment — Horizontally-mounted, downflow or horizontal flow-equipment,
ed to be installed on rooftops; and equipped with means_for attaching pip
ition of the conditioned air.

intend
distrib

Secor
from 4
includg
equiva

dary loop — A piping circuit containing a fluid circulating within the circuit. The
remote-type refrigerator to a colder heat exchangenrlocated within the circuit.
ps a circulating pump as well as other associated fittings. Such a circuit i
lent to the low-side parts that are located in a fefrigeration system.

Self-c
that is
in the

pntained unit — A complete factory-made-and factory-tested unit, in a suitable
fabricated and shipped in one or more-Sections, and has no refrigerant-contain
ield other than by companion or block valves.

Solar
solar 6

photovoltaic (PV) system ~/The total components and subsystems that, in g
nergy into electric energy:sulitable for connection to a utilization load.

Stand
produg

ralone system — A solar photovoltaic system that supplies power independs
tion and distribution network.

Start-{
pressu

o-discharge-pressure — The pressure at which a relief valve begins to disq
re where-the first bubbles can be seen when a valve is immersed in water.

Strucfuralpart — A part other than an enclosure or cabinet used in such a manner th

br similar equipment
bs or ducts for the

fluid transfers heat
The circuit normally

5 considered to be

frame or enclosure,
ing parts connected

lombination, convert

ntly of an electrical

harge, typically the

at failure of the part

may presen

Temperature-limiting thermostat — A thermostat that functions only under conditions that produce

abnormal temperatures. The failure of such a thermostat might result in a hazard.

Temperature-regulating thermostat — A thermostat that functions only to regulate the temperature under

normal conditions of use, the failure of which would not result in a hazard.

Transcritical system — A refrigeration system where evaporation occurs in the subcritical region and heat

rejection may occur above the critical point of the refrigerant (e.g. R-744).

Ultimate strength — The highest stress level that the refrigeration component or
without rupture.

vessel can tolerate
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Ultraviolet (UV) Lamp - Equipment that directly generates ultraviolet radiation typically used to
supplement the normal unit air filters for enhanced air purification and surface cleaning. For the purpose of

the standard, UV lamp systems are divided into 3 categories and are defined below:

a) Factory Installed — A UV lamp system that is located within the unit (integral) and installed at

the factory. For the purpose of these requirements the term “within the unit”

includes all space

within the area between inlet and outlet air side of the heating and cooling unit including the area

housing the evaporator coil if mounted directly on the unit.

b) Field Installed — A factory designated UV lamp system that is located withi
and field installed per the manufactures procedures. For the purpose of thes
term “within the unit” includes all within the area between inlet and outlet side

n the unit (integral)
e requirements the
of the heating and

Unitan
air, tha
comprg
control

Upflow unit — A forced-air unit intended for installation in a vertical position; and wit

located

Uv-C |
uW/cm
effectiv
and BH
constry

3 Reference publications

3.1 W
consid
otherw
Standg

cooling unit including the area housing the evaporator coll it mounted directly, on

c) Non Integral Field Installed — A duct mounted UV lamp system thatis)not
For the purpose of these requirements, the term “non integral” refers_to‘all ar
that is outside of the heating and cooling unit inlet and outlet ex¢luding th
evaporator coil if mounted directly on the unit.

/ heat pump (or equipment) — A device for circulating, filtering, heating, or hea
consists of one or more factory-made matched assemblies, which normally ing
pssor(s), and an outdoor coil or chiller/condenser, and<an electric resistance h
5 for automatic heating or cooling functions.

above the air-circulating blower compartment.

rradiance — For the purpose of this’standard UV-C irradiance is the effectivi
). Effective irradiance is the abselute irradiance that has been weighted 3
eness curve (S,) for ultraviolet(UV) radiation as denoted in the current edition
Els. For the purposes of this-standard, UV-C lamps are limited to the low press
ction with a predominate-output of 254 nm.

here reference-is made to any Standards (see Clauses 90 and 92) such
bred to referito the latest editions and revisions thereto available at the time
se specified. Also, except as indicated in Clause 3.2, a component of a prod
rd shalbhcomply with all the requirements for that component.

£,

32 A

!

the unit.

integral to the unit.
as of the ductwork
area housing the

ting and cooling the

lude an indoor cail,
eater package with

h the heater casing

e irradiance (Eg =
gainst the spectral
of the ACGIH TLVs
ure florescent type

reference shall be
of printing, unless
uct covered by this

maanaent £ Brackiat varad b th tandard bhall btttk
CUTTTPUTICTIL UT A PTUUUGLL CUVETTU Lly unoe owdriudaru  orian \JUIIIPIy VWILT UG 1TU

lowing in (a) — (f).

Specific components are accepted as being incomplete in construction features, or restricted in
performance capabilities. Such components are intended for use only under limited conditions, such as
temperatures not exceeding specified limits, and shall be used only under those specified conditions for
which they have been investigated.

a) Comply with the requirements for that component as indicated in Clauses 3.9 — 3.17;
b) Be used in accordance with its rating(s) established for the intended conditions of use;
c) Be used within its established use limitations or conditions of acceptability;

d) Comply with both the Underwriters Laboratories Inc. and the CSA Group standard for the
component;

e) Additionally comply with the applicable requirements of this end product standard; and
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f) Not contain mercury.

3.3 A component of a product covered by this standard is not required to comply with a specific

component requirement that:

a) Involves a feature or characteristic not required in the application of the component in the

product,

b) Is superseded by a requirement in this end product standard, or

c) Is separately investigated when forming part of another component, provided the component is

used within its established ratings and limitations.

component that complies with a component standard other than those specif
acceptable if:

w w
NN

\‘
0D

b) The component standard:

1) Is compatible with the ampacity and overcurrent{protection requireme
Electrical Code, Part I, C22.1 in Canada, and’the’National Electric Cg
US, where appropriate;

2) Considers long-term thermal properties of polymeric insulating mat
the Standard for Evaluations of Properties of Polymeric Materials, C22
Standard for Polymeric Materials <.6hg Term Property Evaluations, UL

3) Any use limitations of the;-other component standard are identifie
accommodated in the end.use application. For example, a component
application, but intended)for industrial use and complying with the

standard may assume_user expertise not common in household applica

3.5 A component that is alse/intended to perform other functions, such as ovel
ground-fault circuit-interruption, surge suppression, any other similar functions,
theredf, shall comply additionally with the requirements of the applicable CSA Group
that cqver devices that provide those functions.

3.6 Where thése other functions are not required for the application and not i
markirngs, instructions, or packaging for the appliance, the additional component stan|
appliegd.

ed in Clauses 3.9 —

a) The component also complies with the applicable component standard of Clauses 3.9 — 3.17; or

nts of the Canadian
de, NFPA 70 in the

erials in accordance
.2 No. 0.17 and the
746B; and

d and appropriately
ised in a household
relevant component
ions.

current protection,
br any combination
and UL standard(s)

jentified as part of
dard(s) need not be

3.7 A component not anticipated by the requirements of this end product standard, not specifically
covered by the component standards in Clauses 3.9 — 3.17, and that involves a risk of electric shock, fire,

or personal injury, shall be additionally investigated in accordance with the applicable
standard, and shall comply with Clause 3.2 (b) — (f).

CSA Group and UL

3.8 With regard to a component being additionally investigated per Clause 3.7, reference to construction

and performance requirements in another CSA Group and UL end product standard i

s appropriate where

that standard anticipates normal and abnormal use conditions consistent with the application of this end

product standard.
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3.9 Attachment plugs, receptacles, connectors, and terminals

3.9.1 Attachment plugs, receptacles, shall comply with the Standard for General Use Receptacles,
Attachment Plugs, and Similar Wiring Devices, C22.2 No. 42 and the Standard for Attachment Plugs and
Receptacles, UL 498.

3.9.2 Attachment plugs integral to cord sets or power supply cords are investigated in accordance with
the requirements of the Standard for Cord Sets and Power Supply Cords, C22.2 No. 21 and the Standard
for Cord Sets and Power Supply Cords, UL 817, and need not comply with the Standard for General Use
Receptacles, Attachment Plugs, and Similar Wiring Devices, C22.2 No. 42 and the Standard for

Attachment Plugs and Receptacles, UL 498.

3.9.3

10 AW
0.205,
condug
and the

3.94
insertid
for Qui
310.

3.9.5
Standg

3.9.6

Quick-connect terminals, both connectors and tabs, for use with one or two(0.

5) copper conductors, having nominal widths of 2.8, 3.2, 4.8, 5.2, and 6.3mm (

and 0.250 in), intended for internal wiring connections in appliances, ,or for the
tors to the appliance, shall comply with the Standard for Quick-Connéct Termin
Standard for Electrical Quick-Connect Terminals, UL 310.

Other sizes of quick-connect terminals shall be investigated with respect
n-withdrawal, temperature rise, and all tests shall be conducted in accordanc
Ck-Connect Terminals, C22.2 No. 153 and the Standard for Electrical Quick-Co

Wire connectors shall comply with the Standard for Wire Connectors, C22
rd for Wire Connectors, UL 486A-486B.

Splicing wire connectors shall comply-with the Standard for Splicing Wire Corj

B4 — 5.3 mm? (22 —
D.110, 0.125, 0.187,
field termination of
als, C22.2 No. 153

to crimp pull out,
with the Standard
nect Terminals, UL

.2 No. 65 and the

nectors, C22.2 No.

188 and the Standard for Splicing Wire Connéctors, UL 486C.
3.9.7 [Equipment wiring terminals for use with all alloys of copper, aluminum, or copper-clad aluminum
condugtors, shall comply with thé-Standard for Terminal Blocks, C22.2 No. 158 arld the Standard for

Equipment Wiring Terminals fordse with Aluminum and/or Copper Conductors, UL 486

E.

3.9.8 [Terminal blocks (shall comply with the Standard for Terminal Blocks, C22.2 No. 158 and the
Standdrd for Terminal ‘Blocks, UL 1059, and if applicable, be suitably rated for field wiring.

3.10 Controls

3.10.1| General

3.10.1.1  Operating (regulating) controls, the failure of which would increase the risk of electric shock,

fire, or personal injury, shall be evaluated using the applicable component standard requirements specified
in Clauses 3.10.1 — 3.10.5, and if applicable, the requirements in Controls — End product Test Parameters,
Clause 90, unless otherwise specified in this end product standard.

3.10.1.2 With reference to Clause 3.10.1.1, operating controls that rely upon software for the normal
operation of the end product where deviation or drift of the operating parameters of the control may result
in an increased risk of electric shock, fire, or injury to persons, shall comply with:

a) The Standard for Tests for Safety-Related Controls Employing Solid-State Devices, UL 991 and
the Standard for Software in Programmable Components, UL 1998 and C22.2 No. 08 and CSA-
ISO/IEC 16085; or
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b) The Standard for Automatic Electrical Controls for Household and Similar Use, Part 1: General

Requirements, E60730-1 and the Standard for Automatic Electrical Controls
Similar Use, Part 1: General Requirements, UL 60730-1.

for Household and

3.10.1.3 Solid-state protective (limiting) controls shall be evaluated using the applicable component
standard requirements specified in Clauses 3.10.1 — 3.10.4, and if applicable, the parameters in Clause
90, unless otherwise specified in this end product standard.

3.10.1.4 With reference to Clause 3.10.1.3, protective controls that do not rely upon software as a
protective component shall comply with:

a) The Standard for Tests for Safety-Related Controls Employing Solid-State Devices, UL 991 and

3.10.1
compd

3.10.2

3.10.2

C22.2 No. 08; or

b) The Standard for Automatic Electrical Controls for Household and Similar U
Requirements, E60730-1 and the Standard for Automatic Electrical-Controls
Similar Use, Part 1: General Requirements, UL 60730-1, except Gentrols Using

5 With reference to Clause 3.10.1.3, protective controls thatrely upon softy
nent shall comply with:

a) The Standard for Tests for Safety-Related Controls€Employing Solid-State [}
the Standard for Software in Programmable Componénts, UL 1998 and CSA2
ISO/IEC 16085 or

b) The Standard for Automatic Electrical Controls for Household and Similar \
Requirements, E60730-1 and the Standard for Automatic Electrical Controls|
Similar Use, Part 1: General Requirements, UL 60730-1.

Liquid level controls

1 Aliquid level control shall comply with:

a) The Standard for.Industrial Control Equipment, C22.2 No. 14 and the Star
Controls for Appliances, UL 244A;

b) The Standard for Temperature-Indicating and Regulating Equipment, C2
Standardfor Temperature-Indicating and -Regulating Equipment, UL 873;

c) ThesStandard for Industrial Control Equipment, C22.2 No. 14 and the St3
Centrol Equipment, UL 508; or

se, Part 1: General
for Household and
Software.

vare as a protective

evices, UL 991 and
.2 No.08 and CSA-

se, Part 1: General
for Household and

dard for Solid-State

.2 No. 24 and the

ndard for Industrial

d) The Standard for Automatic Electrical Controls for Household and Similar Use, Part 1: General

Requirements, E60730-1 and the Standard for Automatic Electrical Controls
Similar Use, Part 1: General Requirements, UL 60730-1, and:

for Household and

1) The Standard for Automatic Electrical Controls for Household and Similar Use, Part 2:
Particular Requirements for Automatic Electrical Air Flow, Water Flow, and Water Level
Sensing, E60730-2-15 and the Standard for Automatic Electrical Controls for Household
and Similar Use, Part 2: Particular Requirements for Automatic Electrical Water Level
Controls of the Float Type for Household and Similar Applications, UL 60730-2-16A; or

2) The Standard for Automatic Electrical Controls for Household and Similar Use, Part 2:
Particular Requirements for Automatic Electrical Air Flow, Water Flow, and Water Level
Sensing, E60730-2-15 and the Standard for Automatic Electrical Controls for Household
and Similar Use, Part 2: Particular Requirements for Automatic Electrical Water and Air

Flow Sensing Controls, Including Mechanical Requirements, UL 60730-

2-18.
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3.10.3

3.10.3.

3.10.4

3.10.4.

3.10.5

3.10.5.

Motor and speed controls

1 A control used to start, stop, regulate or control the speed of a motor shall comply with:

a) The Standard for Solid-State Speed Controls, C22.2 No. 156 and the Standard for Solid-State
Controls for Appliances, UL 244A,;

b) The Standard for Temperature-Indicating and Regulating Equipment, C22.2 No. 24 and the
Standard for Temperature-Indicating and -Regulating Equipment, UL 873;

¢) The Standard for Industrial Control Equipment, C22.2 No. 14 and the Standard for Industrial
Control Equipment, UL 508;

d) The Standard for Industrial Control Equipment, C22.2 No. 14 and thé|3tandard for Power
Conversion Equipment, UL 508C; or

e) The Standard for Automatic Electrical Controls for Household and'Similar Use, Part 1: General
Requirements, E60730-1 and the Standard for Automatic Electrical’ Controls [for Household and
Similar Use, Part 1: General Requirements, UL 60730-1.

Pressure controls

1 A pressure control shall comply with:

a) The Standard for Temperature-Indicating.and Regulating Equipment, C22.2 No. 24 and the
Standard for Temperature-Indicating and -Regulating Equipment, UL 873;

b) The Standard for Industrial Control Equipment, C22.2 No. 14 and the Standard for Industrial
Control Equipment, UL 508; or

c) The Standard for Automatic.Electrical Controls for Household and Similar Use, Part 1: General
Requirements, E60730-1 and-the Standard for Automatic Electrical Controls [for Household and
Similar Use, Part 2: Particutar Requirements for Automatic Electrical Pressurg Sensing Controls
Including Mechanical Requirements, E730-2-6; and the Standard for Automati¢ Electrical Controls
for Household and_Similar Use, Part 1: General Requirements, UL 60730-1 and the Standard for
Automatic Electrical>Controls for Household and Similar Use, Part 2: Particulgr Requirements for
Automatic Electrical Pressure Sensing Controls Including Mechanical Requirements, UL 60730-2-
6.

Temperature controls

1 A temperature control shall comply with:

a) The Standard for Temperature-Indicating and Regulating Equipment, C22.2 No. 24 and the
Standard for Solid-State Controls for Appliances, UL 244A;

b) The Standard for Temperature-Indicating and Regulating Equipment, C22.2 No. 24 and the
Standard for Temperature-Indicating and -Regulating Equipment, UL 873;

c) The Standard for Industrial Control Equipment, C22.2 No. 14 and the Standard for Industrial
Control Equipment, UL 508; or

d) The Standard for Automatic Electrical Controls for Household and Similar Use, Part 1: General
Requirements, E60730-1 and the Standard for Automatic Electrical Controls for Household and
Similar Use, Part 2: Particular Requirements for Temperature Sensing Controls, E60730-2-9; and
the Standard for Automatic Electrical Controls for Household and Similar Use, Part 1: General
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Requirements, UL 60730-1 and the Standard for Automatic Electrical Controls for Household and
Similar Use, Part 2: Particular Requirements for Temperature Sensing Controls, UL 60730-2-9.

3.10.5.2 A temperature sensing positive temperature coefficient (PTC) or negative temperature
coefficient (NTC) thermistor, that performs the same function as an operating or protective control shall
comply with the Standard for Automatic Electrical Controls for Household and Similar Use, Part 1: General
Requirements, E60730-1, the Annex for Requirements for Controls Using Thermistors, and the Standard
for Thermistor-Type Devices, UL 1434.

3.10.5.3 A thermal cutoff shall comply with the Standard for Thermal-Links, Requirements and
Application Guide, E60691 and the Standard for Thermal-Links, Requirements and Application Guide, UL
60691

3.10.6/ Timer controls

3.10.611 A timer control shall comply with:

a) The Standard for Industrial Control Equipment, C22.2 No, 14 and the Standard for Solid-State
Controls for Appliances, UL 244A; or

b) The Standard for Automatic Electrical Controls for,Household and Similar Use, Part 1: General
Requirements, E60730-1 and the Standard for Automatic Electrical Controls| for Household and
Similar Use, Part 2: Particular Requirements for{Timers and Time Switches| E730-2-7; and the
Standard for Automatic Electrical Controls forr Household and Similar Use, Part 1: General
Requirements, UL 60730-1 and the Standard\for Automatic Electrical Controlg for Household and
Similar Use, Part 2: Particular Requirements‘for Timers and Time Switches, UL{60730-2-7.

3.10.7| Electrically Operated valves

3.10.71 Electrically operated generalpurpose and safety valves intended for the cpntrol of fluids, such
as air,| gases, oils, refrigerants, st€am, or water shall comply with the Standard for Hlectrically Operated
Valveg, UL 429 or Standard for,"Automatic Electrical Controls for Household and $imilar Use, Part 2:
Particlilar Requirements for Electrically Operated Water Valves, Including Mechanicgl Requirements, UL
60730r2-8 and Standardsfor Electrically Operated Valves, C22.2 No. 139 or Standard for Automatic
Electrical Controls for\Household and Similar Use, Part 2: Particular Requirements for Electrically
Operated Water Valyes; Including Mechanical Requirements, CSA E60730-2-8.

3.11 |Cords,(cables, and internal wiring

3.11.1| <Aycord set or power supply cord shall comply with the Standard for Cord Sets and Power Supply
Cords, €222 No-2t,andthe Standard for Cord-Setsand Power Suppty Cords, Ut 817.

3.11.2 Flexible cords and cables shall comply with the Standard for Flexible Cords and Cables, C22.2
No. 49, and the Standard for Flexible Cord and Cables, UL 62. Flexible cord and cables are considered to
comply with this requirement when preassembled in a cord set or power supply cord complying with the
Standard for Cord Sets and Power Supply Cords, C22.2 No. 21 and the Standard for Cord Sets and Power
Supply Cords, UL 817.

3.11.3 Internal wiring composed of insulated conductors shall comply with the Standard for Equipment
and Lead Wires , C22.2 No. 127 or the Standard for Appliance Wiring Material Products, C22.2 No. 210
and the Standard for Appliance Wiring Material, UL 758.

3.11.4 Insulated conductors need not comply with the above reference standards if they comply with:
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a) The Standard for Thermoset-Insulated Wires and Cables, C22.2 No. 38 and the Standard for

Thermoset-Insulated Wires and Cables, UL 44; or

b) The Standard for Thermoplastic-Insulated Wires and Cables, C22.2 No. 75 and the Standard for

Thermoplastic-Insulated Wires and Cables, UL 83; or

¢) The Standard for Flexible Cords and Cables, C22.2 No. 49 and the Standard for Flexible Cords

and Cables, UL 62; or

d) The applicable CSA Group and UL standard(s) for other insulated conductor types specified in
the Canadian Electrical Code, Part I, C22.1 Wiring Methods, and the National Electric Code, NFPA

70, Wiring Methods and Materials.

3.11.5
located
Stand3g
Materid

3.12

3.12.1
and thd

3.12.2
lumina

3.13

3.131
0.15 a
conditi
3.14

3.14.1

Insulated conductors for specialty applications (e.g. data processing or, co
in a low-voltage circuit not involving the risk of fire or personal injury need 1
rd for Equipment and Lead Wires, C22.2 No. 127 or the Standard for Standard f]
| Products, C22.2 No. 210 and the Standard for Appliance Wiring Material, UL 7|

| ight sources and associated components

Lampholders and indicating lamps shall comply with thelStandard for Lampho
Standard for Lampholders, UL 496.

Lampholders forming part of a luminaire that:complies with the applicable ¢
re standard are considered to comply with this‘requirement.

Marking and labeling systems

A marking and labeling system_shall comply with the Standard for Adhesive
nd the Standard for Marking and’ Labelling Systems, UL 969 under the speg
DNS.

Power supplies

A Class 2 power-supply shall comply with:

a) The Standard for Power Supplies with Extra-Low-Voltage Class 2 Outputs,
the Standard for Class 2 Power Units, UL 1310; or

b)<Fhe Standard for Information Technology Equipment, C22.2 No. 60950-1 a

mmunications) and
ot comply with the
or Appliance Wiring
58.

ders, C22.2 No. 43

LSA Group and UL

Labels, C22.2 No.
ified environmental

C22.2 No. 223 and

hd the Standard for

Infermation Technology Equipment, UL 60950-1, with an output marked "Class

", or that complies

3.14.2

with the limited power source (LPS) requirements and is marked "LPS".

A non-Class 2 power supply shall comply with:

a) The Standard for General-Use Power Supplies, C22.2 No. 107.1, and the Standard for Power

Units Other Than Class 2, UL 1012; or

b) The Standard for Information Technology Equipment, C22.2 No. 60950-1 and the Standard for

Information Technology Equipment, UL 60950-1.

3.15 Printed wiring boards

3.15.1

Printed wiring boards, including the coatings, shall comply with the Standard for Evaluation of
Properties of Polymeric Materials, C22.2 No. 0.17 and the Standard for Printed Wiring Boards, UL 796.
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3.15.2 A printed-wiring board in an extra-low voltage, nonsafety circuit is not required to comply with the
bonding requirements in the Standard for Evaluation of Properties of Polymeric Materials, C22.2 No. 0.17
and the Standard for Printed Wiring Boards, UL 796 if the board is separated from parts of other circuits
such that loosening of the bond between the foil conductor and the base material will not result in the foil
conductors or components coming in contact with parts of other circuits of the control or of the end-use
product.

3.15.3 A printed-wiring board containing circuitry in a line-connected circuit or a safety circuit shall
comply with the direct-support requirements for insulating materials in the Standard for Evaluation of
Properties of Polymeric Materials, C22.2 No. 0.17 and the Standard for Polymeric Materials — Use in
Electrical Equipment Evaluations, UL 746C.

3.15.4] Unless otherwise specified, the flammability class and temperature ratingrshall be that specified
for insplating materials in the Standard for Evaluation of Properties of Polymeric/MMaterials, C22.2 No. 0.17
and the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

3.16 |Switches

3.16.1| A clock-operated switch, in which the switching contacts are)actuated by a clpck-work, by a gear-
train, by electrically-wound spring motors, by electric clock-type,motors, or by equivalent arrangements
shall comply with:

a) The Standard for Clock-Operated Switches,<C22.2 No. 177 and the $tandard for Clock-
Operated Switches, UL 917; or

b) The Standard for Standard for Automatic'Electrical Controls for Household and Similar Use, Part
1. General Requirements, E60730-1\and the Standard for Automatic Elgctrical Controls for
Household and Similar Use, Part 2; Particular Requirements for Timers and Time Switches, E730-
2-7; and the Standard for Automatic Electrical Controls for Household and Himilar Use, Part 1:
General Requirements, UL 60730-1 and the Standard for Automatic Elgctrical Controls for
Household and Similar Usg;:Part 2: Particular Requirements for Timers and| Time Switches, UL
60730-2-7.

3.16.2| Enclosed and dead-front switches shall comply with the Standard for Enclosed and Dead-Front
Switches C22.2 No. 4-04 and the Standard Switches, Enclosed and Dead-Front UL 98,

3.17 |Transformers

3.17.1| General-purpose transformers shall comply with the Standard for Low-Voltage Transformers —
Part 1} Genéral Requirements, C22.2 No. 66-1 and the Standard for Low-Voltage Transformers — Part 2:
GeneratPurpose—transformers-C222No—66-2and-the-Standard-for Low-YottageTFransformers — Part 1:
General Requirements, UL 5085-1 and the Standard for Low-Voltage Transformers — Part 2: General
Purpose Transformers, UL 5085-2.

3.17.2 Class 2 and Class 3 transformers shall comply with the Standard for Low-Voltage Transformers —
Part 1: General Requirements, C22.2 No. 66-1 and the Standard for Low-Voltage Transformers — Part 3:
Class 2 and Class 3 Transformers, C22.2 No. 66-3, and the Standard for Low-Voltage Transformers — Part
1: General Requirements, UL 5085-1 and the Standard for Low-Voltage Transformers — Part 3: Class 2
and Class 3 Transformers, UL 5085-3.

3.17.3 Specialty transformers shall comply with the Standard for Transformers, Specialty UL 506 and
CSA C22.2 No. 13 Transformers for oil-or gas-burner ignition equipment.
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41

Installation and operating instructions

A copy of the installation and operating instructions intended to accompany each unit or component,

or equivalent information, shall be included in the examination and test of the equipment. For this purpose,

a draft,

4.2

rather than a printed edition, is acceptable.

If a unit containing an indoor coil has no provision for connecting a return air duct, or if the

instructions indicate that a return air duct need not be used, the instructions may indicate that applicable

installa

tion codes can limit this unit to installation only in a single story residence.

4.3 Applicable installation codes or CSA C22.1 or ANSI/NFPA No. 70 can limit the number of field wiring

syste

44 E
system
instruc

45 T
thereof

including appropriate reference to installation requirements of Article 690 of NFPA 7(

the CE

connections See Caonnection to Power St |pp|\]/’ Clause 17 of this Standard

quipment intended to utilize carbon dioxide (R744) in a secondary loop, \cas
and required to include pressure regulating relief valves per item (a) of Clause
ions indicating that:

a) if the system is de-energized, venting of the R744 through, the pressure-reg
on the equipment can occur. In such cases, the system might néed to be recha
in any case, the pressure-regulating relief valve(s) shallinot be defeated or
setting shall not be altered.

b) a sufficient number of pressure-relief and pressure-regulating relief valve
provided based on the system capacity and Joeated such that no stop valve is
the relief valves and the parts or section of the 'system being protected.

c) if the equipment contains a pressure vessel but the pressure-regulating and -

specify:
1) the method for installing the valves within the fittings, and

2) that the equipment must be provided with an adequate number of
and relief valves based on the system capacity and located such that
provided befween the relief valve(s) and the parts or section of the syste

he instructions, for heating and cooling equipment employing a solar PV sys
shall identify the major PV system components and shall describe the in

C C22.1.

cade, or transcritial
34.32 shall provide

ulating relief valves
rged with R744, but
capped. The relief

s may need to be
5 provided between

relief valves are not

installed as part of the equipment as-permitted by Clauses 34.33 and 34.34, the instructions shall

pressure regulating
o stop valve(s) are
m being protected.

em or subsystems
tended installation,
and Section 50 of

46 T

ne required markings specified in Clause 45.1/ shall be repeated in the instructions.

4.7 Equipment intended to employ Ultraviolet (UV) radiation lamp systems shall provide instructions that:

48 A

a) Repeats the required markings of Clauses 44.3 (z1), 44.3 (z2) and 45.17.

b) Provides information for replacement of the lamps to include wattage, model and/or part number.

c¢) Provide instructions for the installation of field installed factory designated UV lamp systems that

are integral to the system.

heat recovery unit shall be provided with instructions indicating:

a) the types of air conditioning or refrigeration systems for which it is intended; a

nd,
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b) the method for interconnecting the heat recovery unit with the intended air conditioning or
refrigeration equipment.

4.9 In reference to 4.7(b), the instructions shall include the method for interconnecting the water piping
and hot water storage tank, if applicable, and for making electrical connections.

CONSTRUCTION
5 Enclosures

5.1 Enclosures for electrical equipment shall be so formed and assembled that, if abused during
Shlpm ert—instattatior—or—use; thcy witthave—the Dtlclluth an ||9|d|ty te—restst—sych abuses without
increaping their fire and accident hazards due to a total or partial collapse that could result in a reduction of
spacings, a loosening or displacement of parts, or any other defect.

5.2 Enclosures for individual electrical components and wiring, outer ghclosures, and combinations of
the twp, shall be considered in determining compliance with the requirements of Clausg 5.1.

5.3 Among the factors to be used in determining the acceptability of an enclosure arg
a) physical strength;

b) resistance to impact;

¢) moisture-absorptive properties;
d) flammability;

e) resistance to corrosion; and

f) resistance to distortion on_melting caused by the temperatures that may [be expected under
conditions of anticipated use’or by electrical disturbances within.

5.4 Rolymeric enclosures'shall be considered to comply with Clause 5.3, provided that
a) They comply with tests specified in CAN/CSA-C22.2 No. 0.17 and UL 746C, fand

b) They have temperature ratings not less than the maximum temperatures tq which they may be
exposéd)during normal operation, and

c)\Fhey are suitable for exposure to UV-C radiation. The enclosure material mugt be suitable for the
measured UV-C irradiance levels as stated-in Clause 89 1

Enclosures need not comply with Clause 5.10.
5.5 Polymeric materials not used as enclosures shall comply with Clause 5.10.

5.6 A sheet metal enclosure shall be evaluated with respect to its size, shape, metal thickness, and use
in a particular application. Sheet steel having a thickness of less than 0.51 mm (0.020 in) if uncoated or
0.58 mm (0.023 in) if galvanized, or nonferrous sheet metal having a thickness of less than 0.58 mm
(0.023 in) are not acceptable, except for relatively small areas or for surfaces that are curved or
corrugated, or otherwise reinforced such as by angles, channels, flanges, or ribs.

5.7 The enclosure of a unit shall be provided with means for mounting in the intended manner. Any
special fittings necessary for intended mounting shall be shipped with the unit. A free-standing, floor-
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supported unit need not be provided with mounting means. A unit designed for installation in a
manufactured (mobile) home shall have provision for permanent mounting.

5.8 An electrical part within the outer cabinet need not be individually enclosed if the assembly complies

with all

of the following:

a) The construction and location of the part do not permit the emission of flame or molten metal
through openings in the outer cabinet, or it can be shown that malfunction of the component does

not result in a risk of fire.

b) There are no openings in the bottom of the compartment in which the part is

located that permit

molten metal or the like to drop onto flammable material. See Clause 20.10 on units for outdoor

Exceptjon: Motors, electric resistance heating eléemments, metal-case capacitors,

compo
air-han

59 T
considg

5.10

General

5.10.1

nStaitation.
c) The part is not near flammable material other than electrical insulation.

d) Sheet metal thickness of the outer cabinet is in compliance with Clause 6.
e) The part is not located in an air-handling compartment.

f) The part is not subject to unintended contact by personsfas-specified in Claus

or near uninsulated live parts.

hents that would not emit smoke or compenénts protected to prevent emissio
dling compartment need not be individually enclosed.

b determine if a product complies-with Clause 5.8, all of its intended mountin
bred. For this purpose an air filteris not considered to be part of the enclosure.

Polymeric materials other.than enclosures

Polymeric materials or other nonmetallic materials are identified as follows:
a) 5VA,

b)5VB,

e’.

g) There are no openings in the top surface of the outet cabinet that would permit objects to fall on

and other similar
n of smoke into the

) positions shall be

See Ta

c) V-0,

d) V-1,

e) V-2,

f) HF-1,
g) HF-2,
h) HB, and

i) HBF.

ble 5.1 for determination of material classifications and uses.
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5.10.2 This Clause covers polymeric materials used for cabinets and structural or functional parts.

5.10.3 These requirements do not apply to polymeric materials specified in items (a), (b), (c), and (d) of
Clause 18.2.

5.10.4 See Table 46.3 for determination of properties to be evaluated for testing. Unit application shall
determine properties to be evaluated.

Isolation From Ignition Sources

5.10.5 Ignition sources within the unit are considered to be insulated or uninsulated live parts such as:

a) hazardous voltage circuit wiring;

b) hazardous voltage electrical components (some examples are; switches,| relays, transformer
windings, motor windings etc).

5.10.6| Polymeric materials located below an ignition source and within Space A of| Figure 5.1 shall be
isolatdd by a barrier extending to the sides of Space A.

5.10.7] Polymeric materials located above an ignition sourée and within Space B of Figure 5.1 shall be
isolatdd by a barrier and extending to the sides of Spaee B. This barrier shall be positioned so that a
minimyum distance of 51 mm (2 in) from hazardous voltage wiring and 102 mm (4(in) from hazardous
voltage electrical components is maintained.

5.10.8] Polymeric materials located outside of<Space A and/or B shall be isolated Hy a barrier from the
ignition source.

Excepfion: This barrier may be deleted\f the materials are positioned so that a minimum distance of 51
mm (2in) from hazardous voltage wiring and 102 mm (4 in) from hazardous voltage electrical components
is maiptained.

5.10.9] Hazardous voltagéwiring, in which the flame test, CSA FT-1 and UL VW-1, pr the vertical flame
test ag described in CSA'C22.2 No. 49 and UL 1581, is conducted, is considered to gomply with Clauses
5.10.6|through 5.10.8.and need not be isolated by the barriers described.

5.10.10 The bafriers required in Clauses 5.10.6 through 5.10.8 shall be mechanically secured and:

a)be'constructed of metal at least 0.25 mm (0.010 in) thick; or

by be constructedof potymeric materiat Tated 5VA.
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Figure 5.1

Exposure to ignition

~—_
30 O/VI 300
\ / /
\\ ! Polymeric /
A SpuLe Material 4

Minimpum Distance
of 102 mm (4 inches)
Between Ignition Source
and [Polymeric Material
as Measured Around
End |of Barrier

(X HY = 102 mm (4 Inches))
except that this
distahce may

be np less

than {51 mm

(2 inches) if the

Ignition
Sourcé

7~

/
/ Polymeric ~~
Material

\

N

only lignition source Barri
is hdzardous voltage arrier \
wiring. | | AN
———
l \ Minimum Btraight
’ \ Line Distapce of
,’ \ 102 mm |(4 inches)
: Space g Between Ignition Source
ﬁollym.elnc ’ p,\ \ and Polynferic Material,
WIULCT Ul , 7\ v

except that this
distance may be no
less than 51 mm

(2 inches) if the only
ignition source is

hazardous voltage wiring.

S2534B

Space A represents the volume below the ignition source determined by a straight line that moves about the ignition source while
remaining at an angle of 5° from the vertical and is always so oriented that the volume is a maximum.

Space B represents the volume above the ignition source determined in the same manner as Space A, except that the angle is 30°
from the vertical.
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and ahove (30 deg, Space B).

Table 5.1
Uses of materials based on flammability classifications
Material flammability rating
Degree of exposure
to ignition source HB or HBF HF-1 HF-2 V-2 V-0 or V-1 5VA, 5VB
Not exposed Yes Yes Yes Yes Yes Yes
Exposed, but No%e No%® No®%¢ Yes? Yes Yes
isolated as shown in
Figure 5.1¢
EXpOSBd Nob Nob,c Nob,c Nob,c,e Nob,c,e Yes
a Sha|l notbhaousedin onna A lluctratad in Eicyra E.1 fthara ara r\paningc inthe-anclasira bhaottam in that -pace.
® Verti¢ally oriented material when laminated between two metal surfaces each no less than 0.25 mm0.040 in) thick can have an
exposed vertical surface no more than 9.5 mm (0.75 in) wide.
¢ May be used if the ignition sources are appliance wiring material or flexible cord as listed in Table 20.2, Gtoup B.
dExcepption: Materials with a minimum rating of HB or HBF may be used in the outdoor sectiéroutside of sgaces A and B if the
distange between an ignition source and polymeric materials or openings is not less than, 192 mm (4 in) an¢l no less than 50.8 mm
(2 in) from wiring.
¢ May be used if at a distance of not less than 610 mm (24 in) from the ignition source, €xcept for directly b¢low (5 deg, Space A)

6

6.1

6.1 and Table 6.2, except as permitted by Clause 64.

Thickness of sheet metal enclosures for uninsulated live parts

Sheet metal used in making enclosures shall have a thickness of not less than th

at specified in Table

Minimum thickness of sheet metal for elt;r;l:ilgafls';nclosures carbon steel or stainless steel
Without supporting frame?® With supporting frame or equivalent reinfqrcing?
Maximum width®  Maximum length® [ Maximum width®  Maximum length® Minimum thickness of metal
uncoated coated
mm (in) mm(in) mm (in) mm (in) mm (in) mm (in)
1P2 (4.0) Not limited 159 (6.25) Not limited 0.51 (0.0209) 0.58 (0.0239)
121 (4.75) 146 (5.75) 171 (6.75) 210 (8.25)
12 (6.0) Not limited 241 (9.5) Not limited 0.66 (0.026%) 0.74 (0.0299)
178 (7.0) 222 (8.75) 254 (10.0) 318 (12.5)
2p3.(8:0) Not limited 305 (12.0) Not limited 0.81(0.032) 0.86 (0.034)
229 (9.0) 292 (11.5) 330(13.0) 406 (16.0)
318 (12.5) Not limited 495 (19.5) Not limited 1.07 (0.042) 1.14 (0.045)
356 (14.0) 457 (18.0) 533 (21.0) 635 (25.0)
457 (18.0) Not limited 686 (27.0) Not limited 1.35(0.053) 1.42 (0.056)
508 (20.0) 635 (25.0) 737 (29.0) 914 (36.0)
559 (22.0) Not limited 838 (33.0) Not limited 1.52 (0.060) 1.60 (0.063)
635 (25.0) 787 (31.0) 889 (35.0) 1092 (43.0)
635 (25.0) Not limited 991 (39.0) Not limited 1.70 (0.067) 1.78 (0.070)
737 (29.0) 914 (36.0) 1041 (41.0) 1295 (51.0)
838 (33.0) Not limited 1295 (51.0) Not limited 2.03(0.080) 2.13 (0.084)

Table 6.1 Continued on Next Page
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Table 6.1 Continued
Without supporting frame® With supporting frame or equivalent reinforcing®
Maximum width®  Maximum length® [ Maximum width® Maximum length® Minimum thickness of metal
uncoated coated
mm (in) mm (in) mm (in) mm (in) mm (in) mm (in)
965 (38.0) 1194 (47.0) 1372 (54.0) 1676 (66.0)
1067 (42.0) Not limited 1626 (64.0) Not limited 2.36 (0.093) 2.46 (0.097)
1194 (47.0) 1499 (59.0) 1727 (68.0) 2134 (84.0)
1321 (52.0) Not limited 2032 (80.0) Not limited 2.74 (0.108) 2.82(0.111)
15"/1 (c:n_n) 1880 (7/1_!'\) 24234 (QA_I'\) 26416 (4{\'2_{'\)
1600 (63.0) Not limited 2464 (97.0) Not limited 3.12(0.123) 3.20 (0.126)
18584 (73.0) 2286 (90.0) 2616 (103.0) 3226 (127.0)

momertt

3) af
® The wji

@ A supporting frame is a structure of angle or channel of a folded rigid section of sheet metal thatys rigidly &
essentiplly the same outside dimensions as the enclosure surface and that has sufficient torsienal rigidity to

reinfording may be accomplished by designs that will produce a structure that is as rigid as one built with a f]
channgls. Construction considered to be without supporting frame includes
1) sipgle sheet with single-formed flanges (formed edges);

2) a pingle sheet that is corrugated or ribbed; and

enclosyre may have supports in common and be made of a singlé.sheet.

¢ For pgnels that are not supported along one side, for examples-§ide panels of boxes, the length of the unsy
limited o the dimensions specified unless the side in questionris provided with a flange at least 12.7 mm (1/.

9 Sheef steel for an enclosure intended for outdoor use-shall comply with the requirements for outdoor use ¢

s which may be applied via the enclosure surface when it is deflected. Construction considered to h|

enclosure surface loosely attached to a frame with, for example,/spring clips.
dth is the smaller dimension of a rectangular sheet metal piece that is part of an enclosure. Adjacen

ttached to and has

resist the bending

Ave equivalent

ame of angles or

t surfaces of an

pported side shall be

P in) wide.

quipment.

Minimum thickness of sheet metal for e.{:cl?tlgc%lzenclosures aluminum, copper, or brass
Without supporting frame? With supporting frame or equivalent reinfofcing?

Maximjum width®  Maximumlength® [ Maximum width® Maximum length® Minimupn thickness
mm (in) mm (in) mm (in) mm (in) mm (in)
76 (3.0) Not limited 178 (7.0) Not limited 0.58¢ (0.023)
8D (3.5) 102 (4.0) 216 (8.5) 241 (9.5)

102 (4:0) Not limited 254 (10.0) Not limited 0.74 (0.029)
147 (500) 152 (6.0) 267 (10.5) 343 (13.5)
152 (6.0) Not limited 356 (14.0) Not limited 0.91 (0.036)
165 (6.5) 203 (8.0) 381 (15.0) 457 (18.0)
203 (8.0) Not limited 483 (19.0) Not limited 1.14 (0.045)
241 (9.5) 292 (11.5) 533 (21.0) 635 (25.0)
305 (12.0) Not limited 711 (28.0) Not limited 1.47 (0.058)
356 (14.0) 406 (16.0) 762 (30.0) 940 (37.0)
457 (18.0) Not limited 1067 (42.0) Not limited 1.91 (0.075)
508 (20.0) 634 (25.0) 1143 (45.0) 1397 (55.0)
635 (25.0) Not limited 1524 (60.0) Not limited 2.41 (0.095)

Table 6.2 Continued on Next Page
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Table 6.2 Continued

Without supporting frame? With supporting frame or equivalent reinforcing?
Maximum width®  Maximum length® [ Maximum width®  Maximum length® Minimum thickness
mm (in) mm (in) mm (in) mm (in) mm (in)
737 (29.0) 914 (36.0) 1626 (64.0) 1981 (78.0)
940 (37.0) Not limited 2210 (87.0) Not limited 3.10 (0.122)
1067 (42.0) 1346 (53.0) 2362 (93.0) 2896 (114.0)
1321 (52.0) Not limited 3124 (123.0) Not limited 3.89 (0.153)
1524 (60.0) 1880 (74.0) 3302 (130.0) 4064 (160.0)

@ A sugpporiing frame is a structure of angle or channel of a folded rigid section of sheet mefal that is rigidly fttached to and has
essentfially the same outside dimensions as the enclosure surface and that has sufficient torsional rigidity t¢ resist the bending
momepts which may be applied via the enclosure surface when it is deflected. Construction consideredto have equivalent
reinforping may be accomplished by designs that will produce a structure as rigid as one built with a frame pf angles or channels.
Constijuction considered to be without supporting frame includes

1) single sheet with single-formed flanges (formed edges);
2) g single sheet that is corrugated or ribbed; and
3) gdn enclosure surface loosely attached to a frame with, for example, spring clips.

® The Width is the smaller dimension of a rectangular sheet metal piece that js gart of an enclosure. Adjacent surfaces of an
enclosure may have supports in common and be made of a single sheet.

¢ For panels that are not supported along one side, for example, side panels of boxes, the length of the unsupported side shall be
limited|to the dimensions specified unless the side in question is provided with a flange at least 12.7 mm (12 in) wide.

9 Shegtt steel for an enclosure intended for outdoor use shall complyWwith the requirements for outdoor use equipment.

6.2 The minimum thickness of metal for cast enclosures shall comply with Table 6.3.

Table 6.3
Minimum thickness of cast metal enclosures for live parts
Minimum thickness, mm (in)
Plain walls
ethod of Maximum area® 154.9 cm? (24 in?) Area over 154.9 cm? (24 in?) Around conduit
fdbrication Maximum length 152.4 mm (6 in) Maximum length 152.4 mm (6 in) holes
Die-Cast 1.6 (1/16)°° 2.4 (3/32) 6.3 (1/4)
Other 3.2 (1/8) 3.2(1/8) 6.3 (1/4)

@ Areafand length limitations may be complied with by subdividing larger areas by means of suitable reinforging ribs.
® May pe.redlced to 0.9 mm (1/32 in) if:

1) the enclosure will not be used as a splice box; and

2) the voltage rating of the complete device is such that the voltage between any two conductors is not more than 250 V dc or
single-phase ac.

¢ May be reduced to 0.7 mm (0.028 in) minimum thickness for enclosures housing only extra-low-voltage circuits.

6.3 A plate or plug for an unused conduit opening or other hole in the enclosure shall have a thickness
not less than

a) 0.35 mm (0.014 in) if steel, or 0.48 mm (0.019 in) if nonferrous metal, for a hole having a 6.4 mm
(1/4 in) maximum dimension; and

b) 0.68 mm (0.027 in) if steel, or 0.81 mm (0.032 in) if nonferrous metal, for a hole having a 34.9
mm (1-3/8 in) maximum dimension. A closure for a larger hole shall have a thickness no less than
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that required for the enclosure of the device, or a standard knockout seal shall be used. Such
plates or plugs shall be securely mounted.

6.4 With reference to Clause 6.1, the thickness of an enclosure may be two gauge sizes less than
indicated in Table 6.1 and Table 6.2, if the electrical components are located at least 64 mm (2-1/2 in) from
the surface, and 4 gauge sizes less if the components are located at least 128 mm (5 in) from the surface.
The thickness shall be not less than No. 24 MSG or GSG (steel), or No. 18 AWG (aluminum, copper, or
brass), unless a lesser thickness would be acceptable in accordance with Table 6.1 and Table 6.2. An
example of 2 gauge sizes less is No. 18 MSG instead of No. 16 MSG; an example of 4 gauge sizes less is
No. 20 MSG instead of No. 16 MSG.
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7 Openings in enclosures

Figure 7.1

Probe (Other than Moving Parts)
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7.1 Uninsulated live parts, excluding film-coated wire, of hazardous voltage circuits shall be located,
guarded, or enclosed so as to prevent unintended contact by persons reaching through openings in the
enclosure, or by persons oiling motors, replacing air filters, adjusting controls, or performing other intended
service and maintenance operations.

7.2 Openings in enclosures, including perforations, louvres, and openings protected by means of
screening, expanded metal, or perforated covers, shall be of such size or shape as to prevent the passage
of a probe, illustrated in Figure 7.1, from contacting uninsulated live parts. The configuration of the probe
shall be changed (articulated) after insertion. See Clause 7.6 for film-coated wire.

7.3 During the examination of a unit or part thereof, in connection with the requirements in Clause 7.1,
parts of the enclosure, such as covers, panels, and grilles shall be removed unless tools are required for
their removal. A warning marking, such as specified in Clause 44.3(r), shall be disregarded in establishing
complignce with these requirements.

7.4 Ir] the case of downflow units provided with open coil elements that dg .not comply with Clause 5.8,
the mgnufacturer's installation instructions shall specify that an L-shaped exhaust duct be used as a
bottom|closure, without any outlets or registers located directly below.open coil elements.

Excepfijon: An acceptable barrier is considered to be provided by a finned coil construction at least two
rows in depth and with at least 12 fins per 25.4 mm (1 in).

7.5 With reference to Clause 7.4, an air filter is not aceceptable as a barrier.

7.6 Al probe as illustrated in Figure 7.2 shall xot touch film-coated wire when inserted through the
opening.

Figure 7.2
Probe (For Film-Coated Wire)

— ~=— ANY CONVENIENT LENGTH

19.1mm (3/4”) DIA.
12.7mm (1/2") DIA.

it <
~=— 101.6mm (4") 4—‘

(
(

6.4mm (1/4") RAD.

PA140C

Openings in enclosures

7.7 For enclosures containing ultraviolet (UV) radiation lamp systems, there shall be no openings that
permits a leakage outside of the unit into occupied space greater than the effective irradiance value
specified in Clause 89.2.1
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8 Enclosures, doors, and covers

8.1 Doors and covers that give access to uninsulated live hazardous voltage parts shall be secured
firmly in place, and shall require the use of a tool or key to open them or shall be provided with an
interlocking mechanism; except that components having covers that comply with their respective
standards do not require additional enclosures.

8.2 Aninterlocking mechanism complies with the requirements of Clause 8.1 if it
a) secures the cover in the closed position when engaged;

b) must be engaged before parts in a hazardous voltage circuit can be energized; and

c) is located so that unintentional operation is unlikely during normal servicing.

8.3 Aninterlock that is required to reduce a risk of electric shock or injury ta/persons shall withstand 1000
cycles|with a load not less than that controlled in the equipment, and 5,000_cycles without a load, or shall
comply with CSA-C22.2 No. 55; and UL 353

8.4 Aninterlock that is required to reduce the risk of electric shoek shall open all supply conductors.
Enclosures, doors, and covers

8.5 [Doors and covers that give direct access to ‘Ultraviolet (UV) radiation lamp systems shall be
equipped with an interlocking mechanism that removes power from the Ultraviolet (UV) radiation lamp
system.

8.6 Access panels and components, that.are removable for cleaning and servicing thiat provide access to
other greas inside a unit shall require an interlock switch if the UV-C irradiance|exceeds the value
specified in Clause 89.2.2.

9 Accessibility of parts

9.1 Sufficient and reasonable accessibility shall be afforded to all parts that require| normal servicing or
adjustment (for example; controls, filters, oiling of bearings, adjustment of belts, chanjging ultraviolet (UV)
lamps) when the equipment is installed as intended. Covers or access panels giving access to such parts
that arfe required to be removed for routine maintenance shall not expose uninsulated hazardous voltage
live parts or UV light hazards.

9.2 The assembly shall be arranged so that any overcurrent protective device that| can be replaced or
reset as required is accessible without removal of parts other than the service covers or panels.

9.3 Except as specified in Clause 9.4, the door or cover of an enclosure shall be hinged, sliding type,
pivoted, or the equivalent, and not intended for removal, if it gives access to fuses.

Exception: If more than one door or cover has to be opened to provide access, only one of these need to
comply with this requirement.

9.4 A cover as specified in Clause 9.3 is not required if only fuses of the following types are enclosed:
a) Fuses connected in Class 2 circuits;

b) Extractor type fuses that have their own enclosures;
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c) Control circuit fuses provided that the control circuit loads (other than fixed loads, such as pilot
lamps) are housed in the same enclosure as the fuses; or

d) Supplementary type fuses rated 2 A or less used in small, auxiliary resistance heater circuits
having a maximum rating of 100 W.

9.5 The reset button or lever of manual resettable devices (for example, the operating handle of a circuit
breaker, the reset button of a motor protector, the reset button of a pressure switch, the adjusting screw or
knob of an adjustable temperature or pressure control) may be accessible without the use of a tool,
providing that the resetting of the device does not result in exposure to uninsulated live hazardous voltage
parts or moving parts. Outdoor units shall meet the rain test requirements of Clauses 13.1, 13.3, and
Clause 67.

9.6 A cover as specified in Clause 9.3 shall not depend solely upon screws or other similar means to
hold it closed, but shall be provided with an automatic latch or the equivalent.cA spring latch, a magnetic
latch, a dimple, or any other mechanical arrangement that will hold the doérjn placqd and would require
some ¢ffort on the user's part to open is considered to be acceptable for holding the dpor closed. A cover
interlogking mechanism, as described in Clause 8.2, and provided as the sole meahs for securing the
cover gr panel, is considered to comply.

9.7 Units employing Ultraviolet (UV) radiation lamp systems,may need protection bartjiers to:
a) Protect users from exposure to Ultraviolet (UV) fadiation through openings in|the enclosure;

b) Protect service personnel from over exposure to Ultraviolet (UV) radiation [when servicing the
unit; and

c) Protect non-metallic materials that are not rated for exposure to Ultraviolet (UV) radiation.

9.8 Barriers shall be constructed of a suitable material that will not be affected by [radiated Ultraviolet
(UV) ekposure per the requirementsof Clause 89.1. Non-metallic materials may be protected by directly
attachgd barriers such as alumindm-metal coated tape.

9.9 The ultraviolet (UV) lamp and removable barriers shall be located in such g manner that the
ultravidlet (UV) radiation™is not emitted outside the unit into occupied space at a level exceeding the
effectiie irradiance limit specified in Clause 89.2.1 and for service areas inside thg unit the effective
irradianmce shall not.exceed the limit specified in Clause 89.2.2.

9.10 Both the-unit inlet and outlet should be considered as possible Ultraviolet (UV) radiation paths when
determlining barrier locations.

9.11 The unit filters are not considered Ultraviolet (UV) radiation barriers.

9.12 Removable Ultraviolet (UV) radiation barriers shall be marked per Clause 45.17. The marking must
be located on, or adjacent to the ultraviolet (UV) barrier.

10 Assembly

10.1 A unit for use with a duct system shall have provision for the intended connection of ducts, either in
the form of duct flanges, openings without flanges, or locations marked for openings, providing that drilling
or cutting into the cabinet, or the use of screws, will not damage electrical or refrigeration components and
wiring. A distance of 152 mm (6 in) separating the opening from all components and wiring is considered
to prevent damage due to drilling or cutting. Protection may be provided by equivalent means.
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10.2 A unit with electric heaters with an inlet or outlet duct that penetrates the building structure
supporting the unit shall be provided with a mounting base of noncombustible material so designed that,
after the unit is installed, there will be no open passages through the supporting structure that would
permit flame or hot gases from a fire originating in the space below the supporting structure to travel to the
space above that structure. If the unit is intended to be installed on a supporting structure of combustible
material, the base shall be so designed that the required clearance will be maintained between the
supporting structure and the unit, plenum, and attached duct. Spacers necessary to provide required
clearances shall be attached to the unit mounting base, and shall extend not less than 76 mm (3 in) below
the upper surface of the supporting structure, except that, in a unit designed for use only in a mobile home,
the distance shall be not less than 19 mm (3/4 in).

10.3 Provision for the connection of water supply, drainage lines, and refrigerant lines shall be made as
required.

these requirements
a base or frame or

10.4 [The components of a condensing unit and compressor unit, as covered by
(Claude 2.1), shall be factory-assembled to form a single structural assembly)such ag
refrigefration component.

Excepfion No. 1: The motor overload protective devices and motoh controllers may
condehsing unit or compressor unit, provided they are of a type-that is suitable for rg
field wiring to the unit.

Excepiion No. 2: Dryers, filters, and the like that are intended for installation in the fie

be packaged with a
mote mounting and

d may be packaged

with the condensing unit or compressor unit, provided that they comply with the fequirements in this

Standard.

10.5 |On liquid chillers employing centrifugal*motor compressors, the motor-compr
overlopd protection are not required to be\provided. Where not provided, the manufag
specification for the controller and overload protection to be provided by the custom
shall ipclude information as to the.required controller rating, sequencing of start, ove
current, connections to the chiller.control system, etc. If a current transformer is to be
the coptroller, to provide a sighal‘input circuit to the chiller control system, the specif
the requuirements for the current transformer and its shunting resistor, if any. The cor
protection shall be providedfor all other motors incorporated in the chiller assembly (sq

1" echanical protection

11.1 Il moving parts (for example, fan blades, blower wheels, pulleys, and belts)
contagted, could cause bodily injury, shall be guarded against accidental contact
screer) requiring tools for removal, or permanently attached.

essor controller and
turer shall provide a
er. The specification
rload protection trip
provided, as part of
ication shall include
troller and overload
be Clause 44.9).

that, if accidentally
by an enclosure or

11.2 Openings in external enclosures or guards provided for compliance with the requirements specified
in Clause 11.1 are acceptable if they prevent the probe, illustrated in Figure 11.1, applied at any angle

without a force, from making contact with moving parts.

Exception No. 1): Equipment marked as required by Clause 44.3(s) need not be provided with guarding.

Exception No. 2): Openings of 25.4 mm (1 in) or larger shall be guarded such that the distance from an

opening to the moving parts is in accordance with Table 11.1.
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Figure 11.1
Probe (Moving Parts)

Any Convenient Length —sf

3.2mm R (1/8")

— 1 :
12.7mm Dia. (1/2") 25'(A{T)m Dia.
¥

25.4mm (1)

|
e 88.9mm (3-1/2")

Table 11.1
Clearance from openings
Minimum distarnce from opening to
Minor dimensions of opening moving parts

mm (in) mm (in)
More|than 25.4 but not more than 38.1 More than (1) but not more than (1-1/2) 212.7 (8-3/8)
Morelthan 38.1 but not more than 50.8 More thai/(1-1/2) but not more than (2) 295.3 (11-5/8)
Morelthan 50.8 but not more than 76.2 Mare than (2) but not more than (3) 762.0 (30)

11.3 An interlocking mechanism-that operates to disconnect power to the drive motfor when a cover or
panel is removed or opened-to-provide access to moving parts is considered to prqvide the protection
required by Clause 11.1.

11.4 Perforated sheet’steel or expanded steel mesh used to cover openings shall give equivalent
mechahical strength*to that of a blank sheet of the thickness that will be required when determining
compliance with~Table 6.1.

n automatic cycling
ments are made, or

12 Outdoor use equipment

12.1 Sheet steel cabinets and enclosures of units intended for outdoor use shall be protected against
corrosion as specified in Table 12.1, or by other metallic or nonmetallic coatings that have been shown to
give equivalent protection.

Nonferrous cabinets and enclosures may be employed without special corrosion protection. The thickness
of the material shall be judged on the basis of its strength and rigidity.


https://ulnorm.com/api/?name=UL 1995 2022.pdf

AUGUST 1, 2022

CSA C22.2 No. 236-15 ¢ UL 1995

41

Table 12.1
Corrosion protection

Type of cabinet and enclosure

1.35 mm (0.053 in) uncoated/1.42 mm
(0.056 in) coated and greater as
specified by Clause:

Less than 1.35 mm (0.053 in) uncoated
and 1.42 mm (0.056 in) coated as
specified by Clause:

Outer cabinets that protect motors,

-

2.

N

N

2.

w

enclosure of current-carrying parts

wiring, or enclosed current-carrying parts —== —=
Inside enclosures that protect current- 12.2 123
carrying parts other than motors —== ==
Outer cabinets that are the sole 12.3 123

12.2
provid

12.3
provid

Where Table 12.1 references this Clause, a cabinet or enclosure intended. for
ed with one of the following coatings:

a) Hot dipped mill galvanized sheet steel conforming with the ceating design
Table 1 of ASTM A653 or in Table 1 of ASTM A653M with not'less than 409
side, as determined by the minimum single spot test requirement in this AST
weight of zinc coating may be determined by any recognized method; howeve
in question, the weight of coating shall be established-in accordance with
Coating on Zinc-Coated Iron or Steel Articles, ASTM-AQ0.

b) A zinc coating, other than that provided on:hot dipped mill galvanized sh
applied on each surface to an average thickness of not less than 0.01041 mm
a minimum thickness of 0.00864 mm (0.00034 in).

consideration of its composition.

Where Table 12.1 referencesithis Clause, a cabinet or enclosure intended for
ed with one of the following-goatings:

a) Hot dipped mill galvanized sheet steel having the coating designation G90
designation A653.erA653M, with not less than 40% of the zinc on any side a
minimum single spot test requirement in these ASTM designations. The weight
be determined by any recognized method; however, where results are in qug
coating shall'be established in accordance with the test method of ASTM desig

b) A-zinc coating, other than that provided on hot dipped mill galvanized sh
applied on each surface to an average thickness of not less than 0.01549 mm

butdoor use shall be

ation G60 or A60 in
b of the zinc on any
M designation. The
r, where results are
Tests for Weight of

eet steel, uniformly
(0.00041 in), and to

¢) Two coats of outdoor paint on bothtsurfaces. The suitability of the paint shall be determined by

butdoor use shall be

in Table 1 of ASTM
5 determined by the
of zinc coating may
stion, the weight of
hation A90.

eet steel, uniformly
(0.00061 in), and to

aminimum thickness of 0 01372 mm (ﬂ 00054 in)

¢) A zinc coating complying with Item (a) or (b) of Clause 12.2, plus one coat of outdoor paint as

specified in Item (c) of Clause 12.2 on each surface.

12.4 Other finishes, including paints, special metallic finishes, and combinations of the two may be
accepted when comparisons with galvanized sheet steel (without annealing, wiping, or other surface
treatment) that complies with Item (a) of Clause 12.2 or 12.3, as applicable, indicate they provide
equivalent protection.

12.5 Metals shall not be used in combinations such as to cause galvanic action that will adversely affect
cabinets or enclosures.
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13 Enclosures, outdoor use

13.1 The outer cabinet of the equipment intended for outdoor use shall be so constructed as to prevent
the wetting of uninsulated live parts (hazardous voltage and extra-low-voltage safety circuits), and shall
protect the system against risk of shock due to exposure to rain (see Rain Test, Clause 67). If of steel, it
shall be not less than 0.78 mm (0.0307 in) thick, and shall be suitably protected against corrosion as
required by Clause 12. Enclosures made of other metal shall have mechanical strength and rigidity at least
equivalent to that of steel, 0.78 mm (0.0307 in) thick.

13.2 An enclosure that is formed of metal which is thinner than specified in Clause 13.1, and which
complies with Table 6.1 and Table 6.2, whichever applies, is acceptable if it is protected by an outer
cabinet._A sheet steel cabinet or enclosures employing panels consisting of more than one sheet, each
sheet thinner than specified in Clause 13.1, may be used if equivalent in all respects;including mechanical
strength and corrosion resistance, to a single sheet of steel of the thickness specified’inl Clause 13.1.

13.3 Pervice covers and access panels that are not secured by screws or.other fasteners requiring the
use of fools to remove them shall be left open or removed during the Rain'Test describad in Clause 67.

13.4 An enclosure for electrical components shall have provision\for drainage if the|enclosure employs
knockduts or unthreaded openings. The drainage holes shall benot less than 3.2 mm (1/8 in) in diameter,
or draimage openings of at least equivalent size shall be included.

13.5 Units with polymeric cabinets shall comply with Clause 5.10.

13.6 (Saskets required to seal enclosures of electrical components shall comply with the requirements of
Clause| 68, Accelerated aging tests — Gaskets.

14 Fipld wiring connections, outdoor-use equipment

14.1  Conduit openings or knockouts shall be provided for all field wiring connectiops, and shall be at
least 2.2 mm (7/8 in) in diametersThreaded openings shall be provided unless

a) the opening is_Wholly below the lowest uninsulated live hazardous voltage part within the
enclosure; or

b) the opening-prevents drainage into the enclosure along the outside surface of a field supplied
wireway;Or

c) thecrouting of the factory- or field-supplied wiring is necessarily such that a frip-loop is formed,
which physically prevents any entering moisture from reaching uninsulated live parts.

14.2 Threads for the connection of conduit are tapped all the way through a hole in an enclosure wall, or
if an equivalent construction is employed, there shall be not less than three nor more than five threads in
the metal. Construction of the device shall be such that a conduit bushing can be properly attached. If
threads for the connection of conduit are not tapped all the way through a hole in an enclosure wall,
conduit hub, or the like, there shall be not less than 3-1/2 threads in the metal. There shall be a smooth,
rounded inlet hole for the conductors which shall afford protection to the conductors equivalent to that
provided by a standard conduit bushing and which shall have an internal diameter approximately the same
as that of the corresponding trade size of rigid conduit.

14.3 An enclosure threaded for support by rigid conduit shall provide at least five full threads for
engaging with the conduit.
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15 Mechanical assembly —field assembly

15.1 Parts used in the construction of the complete assembly shall have adequate strength, and shall be
assembled and secured in position to ensure proper functioning under both normal and abnormal
conditions that can be met in service. Refrigerant-containing parts shall have all joints made to prevent
leakage of refrigerant under the aforementioned conditions.

15.2 Self-contained units that are designed to be shipped in separable sections (eg, wall sleeve, cooling
section, heating section, control section, front panel, and UV lamp systems) shall be marked in
accordance with the requirements of item (z1) of Clause 44.3(z1), and the following shall be complied with:

a) each section shall be constructed and packaged so as to prevent damage to the parts during

15.3
systen
be pro
marke

15.4

associ
enclos
the un

shipment and assembly;

b) each section and the contents shall be identified as required byyC€laus
additionally the unit shall be marked to identify each section;

c) electrical connections between the separable sections shall be-capable of
additional parts being required, such as wiring, connectors, receptacles, termin

d) electrical bonding shall be maintained between sections after assembly;
e) all connections shall be properly marked for assembly;

f) guards required by Clause 11 shall be secured to the appropriate sectio
shipped as a separate item for field assembly;

g) safety controls shall be an integral part-of the sections requiring them; and

h) each package shall contain that\part of the installation instructions necessar
the other sections.

With reference to the requirements of item g), for factory specified field i
ns, the safety interlock need not be preinstalled, but termination points and mour
vided and the safetytinterlock installation procedures shall be clearly defined in
d on wiring diagram,

The heating-section referred to in Clause 15.2 may be a separable heater eleme
ated contrOls necessary for the proper operation of the elements, without a
ure forthe electrical components, provided that the assembly is designed for fie
t enclosure.

e 44.3 (a) and (b);

being made without
bl blocks;

n, and shall not be

y to assemble it into

stalled integral UV
ting provisions shall
the instructions and

ent assembly with all
n integral casing or
Id installation within

16 Auxiliary devices

16.1

Ultravi

A unit having provisions for the use of additional auxiliary devices intended to be attached in the
field shall be constructed so that their use will not cause a risk of fire, electric shock, exposure to

olet (UV) radiation, or injury.

16.2 The unit shall comply with the requirements of this Standard, both with and without the auxiliary
device installed.

16.3 The installation of auxiliary devices by service personnel shall be by means of receptacles, plug-in
connectors, wiring terminals, insulated wire connectors, or by connection to existing wire terminals.
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16.4 Any installation of an auxiliary device shall not require the cutting of wiring or the soldering of
connections by the installer, and shall not require cutting, drilling, or welding in electrical enclosures and in
other areas where such operations may damage electrical or refrigeration components and wiring.

16.5 Field rearrangement of components shall not be acceptable.

Exception: The rearrangement of components to provide field change of direction of air flow is acceptable
if factory provisions are made for such an option.

16.6 As part of the investigation, a trial installation of auxiliary devices may be made, to determine that its
installation is feasible, that the instructions are detailed and correct, and that its use does not cause a risk

of fire. electric-shock -exposure-to-Ultraviclet (LN radiation—oriniury
’ I Lad \ 7 I J J

16.7 A strain relief means shall be provided for the wiring in the auxiliary device, ifthgre is any possibility
of trangmitting stress to the terminal connections during installation.

16.8 All terminals and wiring intended to be field-connected shall be idéntified on the auxiliary device, the
unit (if connections are made between the device and the unit), and the wiring diagram.

16.9 T'he mounting location of the auxiliary device shall be_ indicated on the urit. However, if the
mountiphg location is predetermined by the function of the~device and arrangemen{ of the unit, and if
instructions are provided covering the installation and location for the device, the moupting location of the
device [need not be indicated (for example, no indicationis heeded where an air heaterl|is to be installed on
the outlet duct flanges of the unit).

16.10 | Units that are designed and marked, per item (z1) of Clause 44.3 to indlicate the possible
installation of non Integral field Installed (duct-mounted) UV lamp systems shall include wiring connection
terminals for the UV lamp system. These eannections shall include:

a) Interlock circuit connections, and

b) UV lamp power circuit power connections.

16.11 | If the equipmentrisiintended to be used with an auxiliary device that derives the power from the
equipment power supply, the equipment shall be marked as indicated in 38.18.

17 Connectionto power supply

17.1 Equipment other than cord-connected (see Clause 1.2) shall have provision fgr the connection of
conduif (er conduits) of a size (see Table 17.1) suitable for the supply circuit conductgrs (see Table 17.2)
needed to connect the unit in accordance with Tables 1 through 4 in CSA C22.1 and Tables 310-16 and
310-17 in ANSI/NFPA No. 70. Provisions may be made for field cutting the openings necessary for field
wiring system connections, provided that their intended locations are indicated by one of the following
methods:

a) use of pilot holes intended for use with a hole punch; or
b) an attached marking showing the exact centre of each opening; or

¢) an attached marking showing the area in which the openings can be located.

17.2 Field-provided openings for field wiring system connections shall be so located that the necessary
cutting, drilling, or punching operation is not likely to damage components or wiring within the enclosure.
Separation shall be maintained as specified in Clause 10.1.
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17.3 A metal plate to which conduit is to be attached in the field shall be not less than 0.78 mm (0.0307
in) thick if uncoated steel, not less than 0.88 mm (0.0346 in) thick if galvanized steel, and not less than
1.14 mm (0.045 in) thick if nonferrous metal.

17.4 A knockout shall be provided with a flat surrounding surface for seating of a conduit bushing, and
shall be located so that installation of a bushing at any knockout likely to be used during installation will not
result in spacings between uninsulated live parts and the bushing of less than those required by Clause
33, Spacings.

17.5 The construction of the equipment at the point where the conduit of the supply is attached shall be
such that supply conductors can be installed in compliance with the requirements of Clause 21,
Separation of circuits

17.6 |The space provided at terminals or leads intended for the connection of supply conductors, or other
condugtors to be connected at the time of installation, shall be sufficient for acceptgble installation (see
Clausg 17.7) including the accommodation of the necessary splices.

17.7 |An acceptable installation shall
a) be possible using ordinary tools suitable for the installatien; and

b) not require installed conductors to be forced into, contact with uninsulatefl live parts, or with
noncurrent-carrying parts likely to be grounded.

A trial jnstallation may be performed to determine compliance with these requirements

17.8 |Equipment which incorporates more.than one independent internal circuit, and is designed for
connegtion to more than one source of electrical power supply shall have each intefnal circuit provided
with means for connection to the supply;.in‘accordance with Clause 17.

17.9 |Hazardous voltage circuit.connections shall be made within acceptable enclosufes or outlet boxes.

The location of an outlet box or compartment in which supply connections are made shall be such that the
connegtions will be readity accessible for inspection after the equipment is installed as jintended.

17.10| A terminal.block shall be used for field wiring connections unless the contacjor is acceptable for
field wjring conniections.

Table 17.1
Kneekeut-orholesi i : £ bushi

Bushings dimensions
Trade size of conduit Knockout or hole diameter Overall diameter Height

mm in mm in mm in mm in
16 1/2 22.2 718 25.4 1 9.5 3/8
21 3/4 27.8 1-3/32 31.4 1-15/64 10.7 27164
27 1 34.5 1-23/64 40.5 1-19/32 131 33/64
35 1-1/4 43.7 1-23/32 49.2 1-15/16 14.3 9/16
41 1-1/2 50.0 1-31/32 56.0 2-13/64 15.1 19/32
53 2 62.7 2-15/32 68.7 2-45/64 15.9 5/8

Table 17.1 Continued on Next Page
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Table 17.1 Continued

Bushings dimensions
Trade size of conduit Knockout or hole diameter Overall diameter Height
mm in mm in mm in mm in
63 2-1/2 76.2 3 81.8 3-7/32 19.1 3/4
78 3 92.1 3-5/8 98.4 3-7/8 20.6 13/16
91 3-1/2 104.8 4-1/8 112.7 4-7/16 23.8 15/16
103 4 117.5 4-5/8 126.2 4-31/32 254 1
- 4-1/2 130.2 5-1/8 140.9 5-35/64 27.0 1-1/16
129 5 142.9 5-5/8 158.0 6-7/32 30.2 1-3/16
195 6 171.5 6-3/4 183.4 7-7/32 31{8 1-1/4
Table 17.2
Trade size of conduit®
Number-of.\wires
Wire size 2 3 4 5 6
(mm?) AWG
3.1) 14 12 12 12 12 12
3.3) 12 12 12 12 3/4 3/4
(3.3) 10 12 112 1/2 3/4 3/4
(8.4) 8 3/4 3/4 1 1 1-1/4
(1B-3) 6 3/4 1 1 1-1/4 1-1/4
21.2) 4 1 1 1-1/4 1-1/4 1-1/2
(2p.7) 3 1 1-1/4 1-1/4 1-1/2 1-1/2
(3B.6) 2 1 1-1/4 1-1/4 1-1/2 2
(4p.4) 1 1-1/4 1-1/4 1-1/2 2 2
(5B.5) 0 1-1/4 1-1/2 2 2 2-1/2
(6y.4) 2/0 1-1/2 1-1/2 2 2 2-1/2
(8p.0) 3/0 1-1/2 2 2 2-1/2 2-1/2
(1497.2) 4/0 2 2 2-1/2 2-1/2 3
kemil
(1127) 250 2 2-1/2 2-1/2 3 3
(162) 300 2 2-1/2 3 3 3-1/2
177) 350 2-1/2 2-1/2 3 3-1/2 3-1/2
(203) 400 2-1/2 3 3 3-1/2 4
(253) 500 3 3 3-1/2 4 4
@ This Table is based on the assumption that all conductors will be of the same size and there will be no more than six conductors
in the conduit. If more than six conductors will be involved or if all of them are not of the same size, the internal cross-sectional
area of the smallest conduit that may be used is determined by multiplying by 2.5 the total cross-sectional area of the wires, based
on the cross-sectional area of type THW specified in the ANSI/NFPA No. 70 or type TW75, specified in CSA C22.1.

18 Thermal insulation and air filters

18.1

uninsulated live parts.

Thermal insulation such as mineral wool, which may contain conductive impurities, shall not contact
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18.2 Materials in a compartment handling conditioned air for circulation through a duct system? shall
have a flame spread rating of not more than 25, and a smoke developed rating of not more than 50, when
tested as specified in CAN/ULC-S102 and UL 723. Alternately, the material shall be evaluated and
determined to have a maximum optical density of 0.5 or less and an average optical density of 0.15 or less
and a peak heat release rate of 100 kW or less when tested in accordance with UL 2043. If a unit is
intended for installation in a building plenum, then the entire unit is considered to be in a compartment
handling conditioned air for circulation through a duct system. This requirement does not apply to the
following:

a) Drive belts, wire insulation, paint applied for corrosion protection, or tubing of material equivalent
to one of the types of wire insulation permitted by this standard;

D\ 1 ta k. H H 4 l et +al oy
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c¢) Miscellaneous small parts such as refrigerant line bushings or insulating’ hushings, resilient or
vibration mounts, wire ties, clamps, labels, or drain line fittings having a tetal exposed surface area
not exceeding 161.29 cm? (25 in?);

d) An adhesive that, when tested in combination with the specific insulating mdterial, complies with
the requirement;

€) Moulded or formed components (not liners) of polymeric materials in such|quantities that their
total exposed surface area within the compartment doés not exceed 0.93 m? (1D ft?);

f) Materials in a compartment handling air for circulation through a duct supplying only one room; or

g) Vibration isolation connectors having atmaximum length of 10 in (25.4 cm) in the direction of
airflow and rated as a flame retardant fabrics in accordance with ANSI/NFPA 701.

h) Air filters and media wheels or platés meeting the test requirements in UL 900.
@ See Tqble 46.3 when material is not in a compartment handling conditioned air for circulation through a dug¢t system.

18.3 |Polymeric materials_exempted by ltem (e) of Clause 18.2 shall have a flame spread rating of not
more than 25, or shall comply with the requirements of the vertical burning test for classifying materials 94-
5 VA pr 5VB in accordance with UL 94 and Test 5 V (500 W) of CAN/CSA-C22.2 No. 0.17 with a
flammability rating of 5-VA.

18.4 |Thermal™or acoustic insulating material shall be securely positioned if loosening may reduce or
block air flow=so as to cause temperatures or pressures in excess of those acceptable in the temperature
and priessure tests, or if loosening will result in reduction of electrical spacings below [the required values,
short Gircuiting—or—grounding—eading—edges—ofinsulation-shall- be—protested—against damage from the

effects of moving air.

18.5 A mechanical fastener for each 0.1 m? (1 t?) of exposed surface is considered to securely position
insulating liners to meet the requirement of Clause 18.4. Mechanical fasteners may be bolts, metal
clamps, wire rods, or the equivalent. Butting edges of insulation against bulkheads normally provide
protection for leading edges against damage from the effects of moving air. Rigid or semi-rigid sheets of
insulating material may not require fastening to the extent needed for less rigid material, nor is protection
of leading edges, for such material, required.

18.6 An adhesive provided to secure insulating material, to comply with Clause 18.4, shall retain its
adhesive qualities at any temperature attained by the adhesive when the unit is tested under the
requirements of this Standard, and at —18°C (0°F) for indoor use equipment, and at -29°C (-20°F) for
outdoor use equipment.


https://ulnorm.com/api/?name=UL 1995 2022.pdf

48 CSA C22.2 No. 236-15 ¢ UL 1995 AUGUST 1, 2022

18.7 Liquid adhesive coatings, where used with air filters, shall have a flash point of 176.7°C (350°F) or
higher.

18.8 As a protection against overheating, there shall be a minimum clearance of 50 mm (2 in) between
the motor of an air circulating blower and the face of an air filter exposed to the motor, with the air filter in
the intended position above the motor, and with the motor adjusted to its minimum clearance from the filter
face. Alternatively, the equivalent protection may be afforded by suitable baffles, or by a motor having an
enclosed housing.

18.9 Adequate support shall be provided to maintain the air filters in their intended position.

19 Terminal I | loads for field wiri .

General

19.1 A unit shall have provision for connection of one or more of the power’stupply wiling systems that, in
accordance with CSA C22.1 and ANSI/NFPA No. 70, is applicable to thetunit.

19.2 Where leads are provided for making connection to the power supply, they shgll be not less than
No. 18 AWG. These leads shall be provided with means for strain relief if stress on the leads may be
transmjtted to terminals, splices, or internal wiring that may cause the leads to geparate from their
terminations, or subject them to damage by sharp edges.

19.3 Terminal blocks used for field wiring connections shall comply with the applicaple requirements of
CSA-C22.2 No. 158 and UL 1059.

19.4 Field wiring terminals shall have meaqs other than friction to prevent them from furning which might
result in unacceptable electrical spacings:

19.5 Line terminals of an approved-control or fuseholder may be used as field wiring terminals provided
they cgmply with the requirements.of Clauses 19.14 and 19.15.

19.6 [he location of an.gutlet box or compartment in which field wiring connections gre to be made shall
allow these connections‘to’be inspected after the unit is installed as intended.

19.7 The connettions shall be accessible without removal of parts other than servige covers or panels
and thg cover Of the outlet box or compartment in which the connections are made.

19.8 The)ffee end of any lead that may not be used in every installation shall be irnjsulated, if that end
could reduce spacings betow the mimimunT acceptabie values.

19.9 Equipment (including auxiliary devices) that is not part of the unit, but that is supplied for field
installation, shall have provision for field wiring connections as specified above, except that special
connectors may be used if both mating parts are provided and factory-attached to the equipment.

19.10 The surface of an insulated lead intended solely for the connection of an equipment grounding
conductor shall be finished a continuous green, or a green with one or more yellow stripes. No other leads
visible to the installer, other than grounding conductors, shall be so identified.

Exception No. 1: This requirement does not apply to leads or wiring that are intended to be field-
connected to Class 2 circuits, and that are separated or segregated by barriers from field wiring
connections for hazardous voltage circuits.
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Exception No. 2: This requirement does not apply to internal wiring that is not visible in a field wiring
compartment.

19.11

Control equipment, including an auxiliary device that is not part of the product but is supplied with
the product for field installation, shall have provision for field wiring connections as required by Clause 17,
Connection to power supply, except that special connectors may be used if both mating parts are
provided, and factory-attached to the product or the auxiliary device.

Hazardous Voltage Circuits

19.12 Units other than cord-connected (see Clause 1.2) shall be equipped with wiring terminals or leads

not le

500 kd
produg
clad 4

sthan 152 mm /R in) |nng for cannection of fiald \Allrlng conductors If o clnnln fal

mil would be requlred the unit shall have provision for the connection of condu
t is marked (see Clause 45.10) to indicate that it is acceptable for use with’e
luminum, or aluminum power supply conductors, a field wiring terminal sh

requirgment in Clause 19.1 for a wire of each metal.

19.13
and th
other|

A field wiring terminal or lead for the connection of a grounded conductor in a
e identified conductor in accordance with CSA C22.1 shall*be finished a white
bads other than grounded conductors shall be so identified:

nductor larger than
ctors in parallel. If a
ther copper, copper
all comply with the

ccordance with NEC
or natural grey. No

Excepfion No. 1: This requirement does not apply to infernal wiring that is not visible in a field wiring
compartment; or
Excepiion No. 2: This requirement does not applydo terminals that are identified by a marking on the unit

"WHIT

19.14
circuit
not sm

19.15
termin
suitab

19.16
equipn

Excep

E" or equivalent.

If a wire binding screw is employed-at a field wiring terminal intended for the ¢

aller than No. 10 if the supplycircuit conductors are No. 12 or No. 10.

If conductors of the field wiring to be connected will be larger than No. 10
al part shall either.include a connector suitable for clamping the required con
e for use with such'a connector or an appropriate soldering lug.

nent is otherwise marked it is assumed that supply conductors rated 75°C (167°

tion~For equipment rated over 2000 volts, 90°C or 105°C rated conductors shall

onnection of supply

conductors, it shall be not smaller than No. 8 if the supply circuit conductors afe No. 14 AWG; and

AWG, a field wiring
ductors, or shall be

In determiining the size of the power supply terminals or conductors rgquired, unless the

F) will be used.

be used.

19.17 Terminal parts for factory-installed conductors that are larger than No. 8 AWG shall include
solderless connectors or soldering lugs, unless the suitability of the combination of terminal and conductor
termination has been investigated.

19.18 For equipment intended for connection with two or more supply conductors in parallel per terminal,
the terminals shall be of a size suitable for securing connectors that are appropriate for the termination of
the conductors.

19.19 A field wiring terminal or lead shall be provided for connection of an equipment grounding
conductor.

Exception: The equipment grounding terminal or lead may be omitted if all the following conditions are
satisfied:
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1) the rating of the product is such that the power supply conductors are likely to be larger than No.

2 AWG;

2) the construction is such that an acceptable terminal can be installed in the field, for example, the

terminal can be secured as intended without a drilling or cutting operation up
sufficient space for the equipment grounding conductor is provided; and

3) the product is marked: "If this product is supplied by a wiring system that,
CSA C22.1 and ANSI/NFPA No. 70, requires the installation of an equipment g

on installation, and

in accordance with
rounding conductor

or conductors, a terminal or terminals for connection thereof must be installed”, or with an
equivalent statement. This marking shall be located in the wiring compartment where the power

supply conductors will be connected, and shall give adequate pertinent informa

19.20
shall bq

19.21
field cd
conneq

19.22
termina
equipn

19.23
conneq
122 of
condug

19.24
a gree
conned

repres¢nted on a wiring diagram provided on the unit. The wire binding screw or pres

shall b

or the ¢quivalent shall\be provided at a wire binding screw to retain the conductor. If a

is used

supply,
by a gr|
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Each equipment grounding terminal or lead shall be located in the field ‘wiring
 identified as specified in Clause 19.10 or 19.24, as applicable.

If more than one circuit is intended to be connected to the unit, the'terminals o
nnection of the equipment grounding conductor shall comply with the applicab
tion of a separate grounding conductor for each circuit.

If provision is made for connection of two or more~poewer supply conductors
I, as mentioned in Clause 19.12, provision shall<be*made for connection of &
ent grounding conductors.

The size of each grounding conducter<shall comply with the applicable
tion of an equipment grounding condugtor as specified in Table 16 of CSA C2
ANSI/NFPA No. 70, except that suchya conductor need be no larger than one
tors.

A wire binding screw intended for the connection of an equipment grounding ¢
h coloured head that is hexagonal shaped, slotted, or both. A pressure wire cor
tion of this conductor shall be identified by being marked “G”, “GR”, or the equ

b located so that it does not need to be removed during servicing of the equipn
adjacent toithe connectors intended for the supply conductors involving the ng

a marking\shall also be provided indicating “equipment ground” or the connectc
een colour.

19.25

tion, such as where

compartment, and

I leads provided for
le requirements for

in parallel at each
n equal number of

b requirements for
2.1 and Table 250-
bf the power supply

bnductor shall have
nector intended for
ivalent, or by being
sure wire connector
hent. Upturned lugs
pressure connector
utral of a grounded
r shall be identified

The. wiring hnmparfmnnf intended for connection of the power enpply conduit

r raceway shall be

attached to the unit so that it is prevented from turning.

This does not preclude the application of an outlet box, control box, or equivalent enclosure (to which the
power supply connections are to be made) connected to the unit by suitable factory wiring enclosed within
a length of flexible metal conduit, providing that suitable conduit fittings are applied. Unless the conduit is
terminated in an outlet box no larger than 102 x 102 x 51 mm (4 x 4 x 2 in) for the splice connections,
locknuts on the fittings are not considered to be an acceptable means of preventing loosening of the
conduit fittings. A grounding conductor of the size specified in Clause 19.23 shall be included.

19.26 A field wiring lead shall be no more than two standard wire sizes smaller than the conductor to
which it will be connected, except as indicated in Clause 19.27.
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19.27 The leads specified in Clause 19.26 may be more than two wire sizes smaller than the field
provided conductors to which they will be connected (but not smaller than No. 18 AWG) when more than
one factory-provided lead is intended for connection to the same field-provided lead wire, providing that

a) the wire connector for the splice connection to the field-provided wire is provided as part of the
unit, and the wire connector is acceptable for the combination of wires that will be spliced;

b) a marking is included indicating that the provided wire connector is to be used for the field wiring

splice connection; and

c) the factory-provided leads are grouped in a manner to prevent stress on an individual lead.

19.28
or preg

19.29
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bsure terminal connector located in the same compartment as the splice, unless
a) the screw or connector is rendered unusable for field wiring connections; or

b) the lead is insulated at the unconnected end, and its intended use is g
example, on the applied wiring diagram).

A terminal plate for a wire binding screw shall be of metalnot less than 0.76 m

wire binding screw

learly indicated (for

m (0.030 in) thick for

a condluctor sized No. 14 AWG or smaller, and not less than 1.27 mm (0.050 in) thick for a conductor

larger
termin

19.30
equiva
ampaqd

Clausg 79). The supply cord ampacity shall’be determined from Table 12 in CSA CI

5(A) in

19.31
attach

19.32
conne
motor
Nuts f
stud.

19.33

than No. 14 AWG. In either case there shall be.fot less than two full thre
al plate may be extruded at the tapped hole to provide the two full threads.)

On cord-connected equipment, the powercsupply cord shall be Type S, SJ, S
lent. The length of the cord shall be in aceordance with Clause 78. The supply
ity at least equal to the total input in amperes measured during the normal te

ANSI/NFPA No. 70.

On cord-connected equipment, the power supply cord shall terminate ir
Mment plug that shall have arating not less than 125% of the marked input in amp

On liquid chillerssemploying centrifugal motor-compressors, soldering lugs ¢
Ctors are not required to be provided by the manufacturer for connection of th
compressor_ power-supply terminals. Threaded studs of adequate size and leng
br the studs-shall be provided to adequately secure at least one terminal connec

EqQuipment intended for cord connection to the supply shall be provided with:

nds engaging. (The

JO, SO, ST, SJT, or

cord shall have an
mperature test (see
v2.1 and Table 400-

a grounding type
eres.

r pressure terminal
e field wiring to the
th shall be provided.
tor to each threaded

a) A non-detachable power supply cord for connection to the supply by means of an attachment

plug, or

b) A detachable power supply cord (cord set) and an appliance inlet (motor atta

chment plug).

19.34 With reference to 19.33 and in addition to the requirements in this standard, a power supply cord
or cord set shall comply with the Standard for Cord Sets and Power Supply Cords, UL 817 and CSA C22.2
No. 21. An appliance inlet shall comply with the Standard for Attachment Plugs and Receptacles, UL 498
and CSA C22.2 No. 182.3.

19.35 A Caution marking, such as specified in Clause 44.3(z) shall be located adjacent to the appliance
inlet and repeated in the installation instructions.
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Extra-Low-Voltage Circuits

19.36 Leads for making connection to the extra-low-voltage supply circuit shall be of adequate length as
defined in Clause 19.12.

19.37 Openings for the entry of conductors of an extra-low-voltage circuit shall be provided with
insulating bushings. The bushing shall be either mounted in place in the opening, or shall be packed within
the enclosure for mounting when the unit is installed.

Exception: An insulating bushing need not be provided if

1) a wiring assembly for Class 2 control is furnished with the equipment;

2) the edges of the opening will not abrade the insulation on the wiring asseémply; and

3) the insulation between any conductor of the wiring assembly and edges of th¢ opening is at least
1.2 mm (3/64 in) thick.

20 Internal wiring

20.1 This section shall apply to hazardous voltage circuits, extra-low-voltage safety gircuits, and Class 2
safety circuits, unless stated otherwise. Wiring requirements for Class 2 circuits that arne not safety are not
specifigd. These conductors may be 22 AWG or largerias long as the requirements of Clause 20 are
complied with.

20.2 Wireways shall be smooth and entirely freg from sharp edges and burrs.

20.3 Pnly conductors having oil-resistantinsulation shall be used where the conductqrs may be exposed
to oil, grease, oily vapour, or other substances having a deleterious effect.

20.4 Wiring exposed periodically.to moisture shall have moisture-resistant properties.

20.5 Wiring shall have insulation rated for the potential involved and the temperatures to which it may be
subjecied. Temperatures-shall be judged on the basis of the temperatures measured during the applicable
temperature tests specified in Clause 46.1.

Excepfjon: If it can-be determined that the wiring will not be exposed to heat from radiating sources or
heated components, and if the ampacity of the conductors is in accordance with Tabje 20.1 and Clause
20.8, the temperature tests on the wiring may be waived.

Table 20.1
Wiring material ampacities®
Wire size

mm? AWG Ampacity
0.41 22 4
0.66 20 7
0.82 18 10

1.3 16 13

2.1 14 18

Table 20.1 Continued on Next Page
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Table 20.1 Continued

Wire size

mm? AWG Ampacity
3.3 12 25

5.3 10 30

8.4 8 40
13.3 6 55
21.2 4 70
33.6 2 95
424 1 110

@The

For typ
CSA(Q
refere

es of wires other than appliance wiring materials, the ampacity shall be determined from Tables [1,th
22.1 and Tables 310-16 and 310-17 in ANSI/NFPA No. 70 for the type of wire employed. The'correc
ced tables need not be applied.

mpacities shown apply to appliance wiring materials with insulation rated not less than 90°C (194<F).

rough 4 and Table 12 in
ion factors of the

20.6

insulafion rated for the maximum potential involved, including the.applicable thermal

define
on the
46.1.

20.7
availa

20.8
motor

supply

the langest motor plus the full load current rating of any other motors supplied. Con
load and other loads shall-haye an ampacity not less than 125% of the motor fu

motor
plus th

20.9
ampag

basis of the temperatures measured during the applicable temperature tests

The ampacity of PV output circuit wiring shallbe sufficient for 125% of th
ble from the sum of parallel module rated shost-circuit currents.

shall have an ampacity not less ttian 125% of the motor full load current
ing more than one motor shall have an ampacity not less than 125% of the full |

e marked current ratings or'measured inputs of the additional loads supplied.

With reference to-the exception in Clause 20.5, as it applies to an adjustabl
ity is determined as follows:

or the-input current rating of the adjustable speed drive.

For units or assemblies that include PV module(s) or cells, the PV source circ

H by Clause 38.3, and the temperatures to which it may be:subjected. Temperat

With reference to the exception in Clause 20.5, hazardous voltage circuit condd

a) The hazardous voltage circuit conductors supplying an adjustable speed dr
motor shall have an ampacity not less than 125% of the maximum operating ¢

uit wiring shall have
correction factor as
ures shall be judged
specified in Clause

)

-

maximum current

ctors supplying one
rating. Conductors
bad current rating of
ductors supplying a
Il load current rating

e speed drives, the

ve with a controlled
urrent rating (MOC)

bYThe hazardous voltage circuit conductors supplying an adjustable speed dn

ve with a controlled

motor compressor shall have an ampacity not less than 125% of the maximum rated current rating

(MRC) or the input current rating of the adjustable speed drive.

20.10 Conductors used in hazardous voltage circuits, extra-low-voltage safety circuits, and Class 2
safety circuits shall be selected from Table 20.2 in accordance with the circuit requirements for conductor

size, v

oltage, and temperature rating.
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Table 20.2
Typical wiring materials
Insulation
Wire size thickness
Group Type of wire, cord, or cable®” mm?2 No. AWG mm in
5.3t00.41 10to 22 0.8 2/64
8.4 8 1.2 3/64
13.3 6 1.6 4/64
Thermoplastic or thermoset appliance wiring material, 21.2 4 16 4/64
with insulation thicknesses shown at the right
corresponding to wire sizes indicated; or Type TW; or 26.7 3 16 4/64
Type" ACTACTFFH=2TF TFF TN TN SF=2-SFF= 330 2 1.6 4/64
2, RH, RHH, RHW, THW, XHH, XHHW, MTW, THHN, 42.4 1 20 5/64
THW-MTW, THWN, PF, PGF, PFF, PGFF; or Type® GTF, ’ :
TW75, TEW, TR-32, R90, RW90, T90, SEW-1, SEW-2 54.0 /0 20 5/64
67.0 2/0 2.0 5/64
85.0 3/0 2/0 5/64
107.2 4/0 2.0 5/64
0:82 18 1.6 4/64
1.3 16 1.6 4/64
Appliance wiring material having thermoplastic or 2.1 14 2.0 5/64
thermoset insulation, with insulation thicknesses shown 3.3 12 20 5/64
at right corresponding to the wire sizes indicated; or Type
B S, 8JO, SJOO, SJT, SJTO, SJTOO, SO, SO0, SPT:3, 53 10 2.0 5/64
ST, STO, STOO; or Type® SE, SJE, or Type® NMDJ0, 8.4 8 24 6/64
NMWU 13.3 6 3.2 8/64
21.2 4 3.6 9/64
33.6 2 4.0 10/64
X Appliance wiring material with cross—linked synthetic
[ polymer insulation; or Type S, SJ; or Type® SP-3 Same as for Group B
@ The dpsignated cord or cable, or types of wire other than appliance wiring material, may be used without régard to the values
specifigd in the Table.
® Type CL wire may be used within g separate metal enclosure as leads of components.
¢ Wire tiypes included only in CSA\€22.1.
4 Wire tiypes included only in ‘ANSI/NFPA No. 70.
20.11 [ Wiring shall'be enclosed in metal clad cable, conduit, electrical metallic tubing,|or metal raceways,
controlf boxes/ or the equivalent. Appropriate fittings shall be used. Wiring of the fypes referenced in
Groupg B.orC of Table 20.2 may be employed in lieu of enclosed wiring, provided the requirements of
Clausej 20:97are met.

Exception: Wiring of the types in Group A of Table 20.2 may be employed if secured and supported to
prevent damage and the requirements of Clause 20.9 are met.

20.12 Cords or appliance wiring material used in the cabinet of equipment shall be suitably enclosed so
as to prevent damage to the wiring, ignition of combustible material, or emission of flame or molten metal

through openings in the cabinet.

Such wiring is considered to be suitably enclosed when the cabinet or compartment enclosing the wiring

has

a) no openings in the bottom, unless a U-shaped channel or trough is located beneath the wiring,
and the wires do not project through the plane of the top of the channel or trough. A bottom closure

is considered to be provided:
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1) if the bottom opening is always intended to be connected to a supply or return indoor air
duct; and the unit includes space heating means (electric heater, hot water, or steam
heating coil); or

2) if the unit is intended only for nonresidential applications and is so marked, except those
openings intended only for conduit or piping; or

3) if the bottom opening is provided with a finned coil construction at least two rows in depth
and with at least 12 fins per 25.4 mm (1 in); or

4) if the bottom opening complies with Figure 23.1 and Clause 23.4; or

5) the bottom opening complies with the requirements of the tests specified in Annex B;

b) no louvre or openings, other than duct openings, that will permit the probe (Figure 7.1), when
applied in a straight line, to contact wiring; and

c) no combustible material other than electrical insulation within the“enclosure| An air filter may be
employed within the enclosure.

Excepfion: The separation specified in Item (b) does not apply‘to wiring located abpve openings in the
bottorl enclosure of a unit for outdoor installation, provided that such openings comply with the
requirgments of Clause 20.13.

20.13| On a unit for outdoor installation, the bottom"surface of the enclosure may have openings,
providged that all of the following conditions are met (applies only to hazardous voltage pircuits):

a) openings are less than 12.7 mm (1/2.in),
b) such openings are not located within 152 mm (6 in) of each other; and

c) the total area of such openings does not exceed 1% of the area of the enclosure bottom surface,
less any area below a comiponent such as a finned tube coil or hermetic motor compressor that is
mounted directly on that surface.

20.14 | Thermoplastic-insulated hazardous voltage wiring materials that are referepced in Group A of
Table P0.2, and havelan-insulation thickness of 0.8 mm (2/64 in) for sizes 16 and 1§ AWG, and 1.2 mm
(3/64 In) for sizes Nos. 14, 12, 10, and 8 AWG, are considered to be equivalent to the wiring materials
referenced in Gfoup B when the conductors are covered with thermoplastic insulating tubing that has a
wall thickness, of 0.8 mm (2/64 in) and is of a type rated for the purpose from the stapdpoint of electrical,
mechgnical;xand flammability properties. For sizes 6, 4, and 2 AWG, thermoplastic Wiring materials that
are refferenced in Group A of Table 20.2 and enclosed in thermoplastic tubing gs described in this
requirermentare consideredto be equivatent to the wiring materiats specified im Group B when the total
wall thickness (of the conductor insulation plus tubing) is not less than the value specified for Group B.

20.15 Wiring shall be protected against damage, shall be supported and routed to prevent damage due
to contact with sharp edges, such as fins on refrigeration coils, moving parts, or parts that may attain a
temperature in excess of that for which the wiring insulation is rated, and shall not be immersed in water
unless rated for use in wet locations. Self-draining raceways that do not retain water are not considered to
require wiring for use in wet locations. For wiring run through flexible conduit, the conduit shall be secured
or supported within 756 mm (30 in) of each box, cabinet, conduit body, or other conduit termination and
shall be secured or supported at intervals not to exceed 1,361 mm (54 in).

20.16 Splices in wiring shall be located, enclosed, and supported so that they are not subject to damage,
flexing, motion, or vibration. A splice is considered to be acceptably enclosed when installed in a junction
box, control box, or other enclosed compartment in which the wiring materials, as specified in Group A of
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Table 20.2, may be employed. A splice in an enclosed machinery compartment shall be secured to a fixed
member in the compartment so that it is not subject to movement or damage during servicing. A splice or
unused leads shall be provided with insulation equivalent in thickness, voltage and temperature rating to
that of the wires involved.

20.17 Stranded conductors at terminals shall be prevented from contacting other uninsulated live parts,
which may not always be of the same polarity as the wire, and from contacting dead metal parts. The
shanks of terminal connectors shall be protected by insulating tubing, or equivalent, if the spacings
specified in Clause 33 could be reduced by loosening the clamping means.

20.18 A hole in a wall or partition through which insulated wires or cords pass and on which they may
bear s i i i ded surface upon

which
mouldg
cause

20.19

hazard
(one o
supply
in Clau
test. A
require

20.20
accept

hall be provided with a smooth, rounded bushing or shall have a smooth, [Ql.jn
he wires or cords can bear. The bushings, where required, shall be of cera

d composition, fibre, or other like material. Thermoplastic material shall not-b
cold-flow of the material that can result in a risk of fire or electric shock.

Except as indicated in Clause 20.20, conductors of crankcase ‘heater circui
pus voltage motor circuits having two or more thermal or overcurrent protect

ic, phenolic, cold-
b clamped so as to

s or conductors of
ed motors, or such

more) motors in combination with an electric resistance heater'wired for conng¢ction to one power

line, shall withstand short circuiting when tested in accordance with the short ¢
se 64. None of the conductors or lead terminations shall be damaged as a resu

fuse or circuit breaker sized to the conductor.‘supplying the load is de
ments of the short circuit test.

With reference to Clause 20.19, conductoers that comply with at least one ¢
hble without test:

rcuit test described
t of the short circuit
emed to meet the

f the following are

a) The conductors have an ampacitysas determined from Table 20.1 for the type of wire or cord

employed of not less than 1/3 the ampacity of the supply conductors.

b) The conductors are 18 AWG or larger, and not more than 1.2 m (4 ft) in length
be protected by an overeurrent protective device that is rated 60 A or less as S
nameplate or provided.as-part of the unit, and is acceptable for branch circuit pr

c) The conductoriis‘connected between two fixed impedances that reduce the
current within(the conductor (for example, a conductor extending betwee

, and the circuit will
pecified on the unit
btection.

risk of a high fault
N a motor running

capacitor and'the start winding of a permanent split capacitor motor).

d) The ‘conductor is a jumper lead between controls and is not longer than 76 mim (3 in) unless the
conductor is located in a control panel.

20.21 "Wiring subjecied to periodic movement during normal use (such as wiring that extends from the
cabinet to a hinged door or to other parts) shall not cause undue stress to electrical connections and
conductors. With the exception of wiring for Class 2 circuits that are not safety circuits and Group B flexible
cords (Table 20.2), wiring shall be subjected to the flexing test as described in Clause 83.

21 Separation of circuits

21.1 Unless having insulation suitable for the highest voltage involved, insulated conductors of different
circuits (internal wiring, including wires in a junction box or compartment) shall be separated by barriers, or
shall be segregated, and shall, in any case, be separated or segregated from uninsulated live parts
connected to different circuits. Segregation of insulated conductors may be accomplished by clamping,
routing, or equivalent means that ensures permanent separation from insulated or uninsulated live parts of
a different circuit.
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21.2 There shall be provision for segregating or separating by barriers field-installed conductors of any
circuit from field-installed and factory-installed conductors connected to any other circuit, unless the
conductors of both circuits are or will be insulated for the maximum voltage of either circuit.

21.3 Within a compartment that is not a control enclosure junction box or its equivalent, field-installed
extra-low-voltage (including Class 2) circuit conductors may be segregated from factory-installed
conductors of different circuits by locating field wiring openings, routing factory wiring, and locating
electrical components so that the factory conductors are maintained at least 127 mm (5 in) from a line
representing intended routing of the extra-low-voltage (including Class 2) circuit conductors. The line shall
allow for droop, and shall connect the opening provided for entrance of the extra-low-voltage (including
Class 2) conductors to the terminals or leads to which the conductors are attached.

214
hazarq

21.5
extra-|

21.6
orofs

21.7
thick i
materi

There shall be provision for segregating or separating by barriers field-instal
ous voltage circuit from

a) uninsulated live parts connected to a different circuit, other than wifing termirn

b) any uninsulated live parts of electrical components such as“a“pressure-lir
overload protective device, or other protective device where short circuiting
result in unsafe operation of the equipment; except at wiringterminals.

There shall be provision for segregating or separating by barriers, field-install
pw-voltage circuit from

a) uninsulated live hazardous voltage circuitsyand

b) wiring terminals and any other uninsulated live parts of hazardous voltage el
such as a pressure-limiting device, motor overload protective device, or oth
where short circuiting or grounding\miay result in unsafe operation of the unit.

If a barrier is used to provide separation between the wiring of different circuits
Litable insulating material 6f:adequate mechanical strength, and reliably held in

A metal barrier shallbe at least 0.66 mm (0.026 in) thick if of uncoated steel,
of galvanized steel, and 0.91 mm (0.036 in) thick if of nonferrous metal. A
als shall be not)less than 0.71 mm (0.028 in) thick, and shall be of gre

deformation could.be.so readily accomplished as to defeat its purpose.

21.8
that in
instrud

If the barrier is removable or has openings for the passage of conductors, it is
structions for the use of the barrier are a permanent part of the device. In lieu 0

ed conductors of a

als; and

niting device, motor
or grounding may

ed conductors of an

ectrical components
er protective device

, it shall be of metal
blace.

0.74 mm (0.029 in)
barrier of insulating
hter thickness if its

acceptable provided
f a barrier, complete
will provide for the

tions may be provided that, when used in conjunction with the wiring diagram

separation of the circuits of different voltages.

21.9 Field-installed conductors may be segregated from other field-installed conductors and from
uninsulated live parts connected to other circuits by arranging the location of the openings in the enclosure
for the various conductors, with respect to the terminals or other uninsulated live parts, so that conductors
or parts of different circuits will not intermingle.

21.10 The output of a transformer device supplying circuit shall not be interconnected with the output of
another such transformer device provided as a part of the equipment, unless the voltage and current
measurements at the output terminals of the interconnected devices are extra-low-voltage.

2111 Two or more transformer devices supplying Class 2 circuits and provided as a part of the
equipment, shall be treated as separate circuits. If more than one such circuit is intended to be field-wired,
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the several circuits shall be segregated or separated by barriers as specified in Clause 21.2, and the
transformer output of each circuit shall be marked to warn that the separation shall be maintained.

21.12 On liquid chillers employing centrifugal motor compressors, a signal input circuit derived from a
current transformer sensing the motor-compressor current and located in the (remote) motor-compressor
controller shall be a CSA C22.1 and ANSI/NFPA No. 70 Class 1 circuit. (See Clause 26.17.)

22 Electrical insulation

22.1 Material for the mounting of uninsulated hazardous voltage parts shall be heat-resistant, absorption
resistant insulating material that is suitable for its particular application, and that will withstand the most

diti likelhvrto b t fa N1 1
severeconditions-likely to be encountered-in-service

Such materials include porcelain, phenolic composition, cold-moulded composition; gr a material having
equivalent electrical and physical properties.

22.2 The acceptability of insulating materials shall include consideration.of the following:
a) mechanical strength;

b) dielectric strength;

c) insulation resistance;

d) heat- and moisture-resistant properties;
e) the degree of enclosure or protection; and

f) other factors that might have a bearing on the risk of fire or electric shock under conditions of
intended use.

23 Motors
Motor Enclosures

23.1 The type of motor enclosure shall be suitable for the particular location in which the motor is to be
used, ynless adequate supplementary means of protection for the motor is provided.

23.2 Dpenings’in motors shall be located so that there is a noncombustible surface|immediately below
them.

23.3 In order to comply with the requirement of Clause 23.2, a barrier of noncombustible material shall
be provided under an open type motor unless one of the alternatives described in Items (a) to (c) is used:

a) the structural parts of the motor or unit, such as the bottom closure, provide protection
equivalent to that provided by such a barrier;

b) the overload protective device provided with the motor allows no burning insulation or molten
material to fall to the surface that supports the unit while the motor is energized under each of the
following applicable fault conditions: open main winding; open starting winding; starting switch
short-circuited; or capacitor shorted (permanent split capacitor type); or

c) the motor incorporates a motor thermal protector (a protective device that is sensitive to
temperature and current) that will prevent the temperature of the motor windings from exceeding
125°C (257°F) while the motor is operated at the maximum load that will not cause the protector to
cycle; and 150°C (302°F) while the motor is locked.
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23.4 The barrier necessary for compliance with Clause 23.3 shall be horizontal and shall have an area
extending beneath the motor encompassing the openings in the motor housing and extending at least 5°
beyond their area. Openings for drainage and ventilation may be included in the barrier, providing that the
openings do not permit molten metal, burning insulation, etc, to fall onto combustible materials. See Figure
23.1.
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Figure 23.1

Location and extent of barrier

[
5° I
|

EB120A

A — Regions to be shielded by barrier. This will consist of the entire component if it is not otherwise shielded and will consist of the
unshielded portion of a component that is partially shielded by the component enclosure or equivalent.

B — Projection of outline of component on horizontal plane.

C — Inclined line that traces out minimum area of barrier. This line is always (1) tangent to the component, (2) 5 degrees from the
vertical, and (3) so oriented that the area traced out on a horizontal plane is maximum.

D — Location (horizontal) and minimum area for barrier. The area is that included inside the line of intersection traced by the inclined

line C and the horizontal plane of the barrier.
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Motor Overload Protection

23.5 All motors other than a hermetic refrigerant motor compressor shall be protected by thermal or by
overcurrent protective devices, or a combination of these as follows:

a) A separate device responsive to motor current and rated to set to trip at not more than the

percentage of the motor nameplate full-load current rating specified in Table 23

1. If the percentage

protection specified in Column A of Table 23.1 does not correspond to the percentage value of an

overload relay of a standard size, the device of the next higher size may be

used. However, the

overload device of the next higher size shall protect against currents exceeding the percentage

values specified in Column B of Table 23.1.

by A Separate overtoad device which combines the functions of overtoad and.0
and is responsive to motor current rated or set at values not greater thamthe
motor nameplate full-load current rating as specified Table 23.1. Such a,dévice
fully protecting the circuit and motor both under overload and short circuit cond
service factor of a motor is less than 1.15, or if the service factor.orservice
marked on the motor, the rating or setting of separate overloadrdevices, if uss
115% of the full load current of the motor.

c) A protective device integral with the motor that complies with UL 2111, or U

comply with UL 1004-1 and UL 1004-2. An electfenically protected motor s
1004-1 and UL 1004-7 (and CSA C22.2 No. 7%). When an impedance-protec
shall not be installed in a compartment handling' air for circulation through a d
not generated under any required test condition while the rotor of the motor is Iq

d) Electronic protection that complies with Clause 23.11.

ercurrent protection
percentages of the
shall be capable of
itions. If the marked
factor current is not
2d, shall not exceed

L 1004-1 (and CSA

C22.2 No. 77) and UL 1004-3 (and CSA C22.2 Ne,77). An impedance—protected motor shall

hall comply with UL
ed motor is used, it
uct unless smoke is
cked.

Table 23.1
Protective device activation level
Maximum percent of full-load current frating protection
A B

Motor with marked service-factor no less than 1.15 125 140
Motor with a marked temperature rise no more than 40°C 125 140
(72°F)

Any other motor 115 130

23.6 |Hermetic refrigerant motor compressors shall be protected by one of the following:

a) A separate overload relay that is responsive to motor compressor current and will trip at not

more than 140% of the rated load current of the motor compressor.

b) A thermal protector integral with the motor compressor or protective system that complies with
the applicable requirements in CSA C22.2 No. 140.2 and UL 984 or UL 60335-1 and UL 60335-2-

34, and will not permit a continuous current in excess of 156% of the rated load
compressor (or 156% of the branch circuit selection current if the latter is m
44.10 and 44.11).

current of the motor
arked, see Clauses

Exception: The percentage limitations do not apply if the unit is marked with a single, overall

ampere rating in accordance with Clause 44.5.
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c) A fuse or circuit breaker responding to motor current, and rated at not more than 125% of the
rated load current of the motor compressor. When such a device is used, the product shall start and

operate as intended with the fuse or circuit breaker provided.

1) The value of rated load current referred to are those marked
nameplate.

on the equipment

2) A fuse may be used for motor overload protection, when the highest current rating of fuse
that can be inserted into the fuseholder provides the correctly sized motor protection.

d) Electronic protection that complies with 23.11.

23.7
W outp

23.8

protection shall consist of three overcurrent units or the devices as specified in Cla

respon
elemer
transfo

23.9
a comi
specifig
single-

23.10
shall ¢
C22.2

-t l pu | + ' £ H 1 <l ' ol £ + lo H
[~ VveTiUudu Prutculivit ur d OlllHIU opMYCLCU, CUTIINTUvUuUS uul.y art 1TroutulI ||avn|9 a 1tiatl

ut (1 hp) shall be provided as part of the product unless all of the following condi
a) the motor is located so that it is not affected by an external source of heat;

b) the motor is to be field-wired to an individual branch circuit that(does not sup
within the product;

c) the motor overload protection is a part of separate, field-provided motor cor
does not require wiring interconnection to the product, except for the motor circd

air flow; and

e) the motor is marked as specified in Clause45.2.

A\ three-phase motor shall be providediwith overload protection as specified i

sive devices provide the only protection, then such devices shall consist of threg
ts that are either connected.diréctly in the motor circuit conductor; or fed by t
rmers, and so connected that’all three phases will be protected.

n reference to Clause 23.8, acceptable three-phase protective devices include
pination of thermalprotectors and overcurrent units, or another method of pr

protective arfangement has been investigated and found to provide protec
bhase fault eonditions when power is supplied from transformers connected wye

Equipment employing a direct drive motor in conjunction with a part made of 3
bmply with the mold stress-relief distortion test and the input to motor test cont
N0.0.17 and UL 746C. Such polymeric parts could include the motor enclosure g

ed rating over 746
ions exist:

ply any other loads

trol equipment that
it;

d) energization of electric heating elements does qotoccur without motor operation or evidence of

n Clause 23.5. The
ise 23.9. If current
current responsive
wo or three current

thermal protectors,
btection, where the
tion under primary,
-delta or delta-wye.

polymeric material
gined in CAN/CSA-
r housing, the shaft

bearing support, the fan/impeller or the blower housing.

Exception: Direct drive motors protected by an integral thermal protector that provides running overload
and locked rotor protection in accordance with Clause 23.5 need not comply.

Electronically Protected Motor Circuits

23.11

Electronically protected motor circuits shall comply with either Clause 23.12, 23

.13 or 23.14.

Exception: If there is no risk of fire, electric shock or casualty hazard noted during abnormal testing with
the motor electronic circuit rendered ineffective (open or short circuited), the evaluation per Clause 23.11
is not required.
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23.12 Electronically protected motor circuits shall comply with UL 991 and CSA C22.2 No. 0.8. When the
electronic circuit is relying on software as a protective component, it shall comply with all of the
requirements in the Standard for Tests for Software in Programmable Components, UL 1998 and CSA-
ISO/IEC 16085. If software is relied upon to perform a safety function, it shall be considered software class
1.

23.13 Electronically protected motor circuits shall comply with UL 60730-1 and UL 60730-2-9 and
CAN/CSA E60730-1 and CAN/CSA E60730-2-9. If the electronic circuit is relying on software as a
protective component, it shall comply with all of the requirements in Clause H11.12 of UL 60730-1 and
CAN/CSA E60730-1. If software is relied upon to perform a safety function, it shall be considered software
class B.

23.14| Electronically protected motor circuits shall comply if it is a powerceonversion controller
incorpprating overcurrent protection complying with the UL 508C and CSA £22:2 No. 0.14 and the
percentage protection is set as indicated in Table 23.1.

23.15| The following shall be considered when evaluating the protective/circuit. If the method of Clause
23.14 |s employed, all the applicable requirements of UL 508C shall be complied with.

Table 23.2

Application of UL 991 and UL 1998 Application of UL 60730-1 and UL 60730-2-9

Conduct a failure-mode and effect analysis (FMEA.)

A contfol becoming permanently inoperative and disconnecting’ power meets the criteria for electrical supefvision of critical
compdnents and trouble indication;

Assumed temperature ranges are as follows:
IndoorjUse 0.0 +2°C (32.0 £3.6°F) and 40.0 +2°C (104 +3.6°F)
Outdogpr Use -35.0 +2°C (—-31.0 £3.6°F) and 40:0'+2°C (104 +3.6°F)

Cycling test duration shall be 14 days

Endurance test duration shall be 100,000 cycles

Radio{frequency electromagnetic\field immunity:
Immurjity to conducted disturbances — When applicable test level 3 shall be used

Immurity to radiated electremagnetic fields — field strength of 3 V/m shall be used

For exposure to humidity, the following conditions shall apply:
Indoor|Use: 21.1.—/26.7°C (70 — 80°F) and minimum 50 percent relative humidity

Outdopr Use: minimum 98 percent relative humidity

Surge immunity test - Test with installatipn Class 3 used for
other than outdoor use protective devices. Class 4 shall be
used for protective devices intended for outdoor use

Electrical fast transient/burst immunity such that a test level 3 shall be used for all equipment other than outdoor use equipment.
Test level 4 shall be used for outdoor use equipment

Electrostatic Discharge Test with a Security Level of 3 having
Control Discharge at 6 kV for accessible metal parts and 8 kV
for accessible parts of insulating material

Short Circuit Protection

23.16 Motor overcurrent protective devices and thermal protective devices shall comply with the
applicable short circuit requirements for the class of protective device when tested in accordance with the
Limited short-circuit test, Clause 64.
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23.17 Except as indicated in Clause 23.18, an overcurrent protective device or a thermal protective
device employed on equipment having more than one motor, or having a motor and supplementary heater,
wired for connection to one supply circuit, shall withstand short circuit and ground fault conditions in
accordance with the Limited short-circuit test, as described in Clause 64, without creating a risk of fire or

electric shock.

23.18

23.19
be con
24 G
24 .1

equipni
providg

24.2
motor
compo
access
person

24.3
where:

The short circuit tests specified in Clauses 23.16 and 23.17 may be waived if

a) the thermally protected motor or separately enclosed motor overload protec
an outer cabinet of a product or section of a product;

b) the motor or device is intended to be protected by the overcurrent protective

tive device is within

device as specified

on the unit mamepiate, or provided as part of the product, and WNICh 1S accep
circuit protection;

and

d) combustible material, except electrical insulation or an air filter, is not located

Plug fuses shall not be used in circuits exceeding 150 V te ground; screwshell
hected to the load side of the circuit.

rounding and bonding

An exposed metal part that may become enérgized shall be bonded to the point
ent grounding terminal or lead, and to\the metal surrounding the knockou
d for field power supply connections.

Except as permitted in Clause 24.3, uninsulated dead metal parts of cabinets, e
frames and mounting brackets, control mounting brackets, capacitors a
nents, interconnecting tubing and piping, valves and other refrigerant-contain
ories, etc, shall be bonded for grounding if they may be contacted by the u
during servicing of the equipment.

Metal parts, as\indicated below, need not comply with the requirements of Cla

a) an adhesive attached part such as a metal foil marking, a screw, or a handl
the. outside of an enclosure or cabinet and is isolated by grounded metal p
components or wiring so that it cannot become energized,;

c) the assembly is constructed so that flame and molten metal will be confined

able for the branch

within the cabinet;

below the motor.

5 of plug fuses shall

bf connection of the
t, hole, or bushing

ectrical enclosures,
nd other electrical
ng parts, plumbing
ber or by a service

uses 24.1 and 24.2

e that is located on
arts from electrical

b) an isolated metal part, such as a motor controller magnet frame or armature, or a small
assembly screw that cannot come in contact with wiring and uninsulated live parts;

¢) a panel or cover that does not enclose uninsulated live parts, providing that wiring cannot come

in contact with the panel or cover, the panel or cover cannot become energized,;

and

d) a panel or cover that is insulated from electrical components and wiring by a barrier of

vulcanized fibre, varnished cloth, phenolic composition, or similar material no
(2/64 in) thick, and that is secured in place.

t less than 0.8 mm

24.4 The bonding shall be by a positive means, such as by clamping, riveting, brazing, welding, or
making a bolted or screwed connection. The bonding connection shall penetrate nonconductive coatings,
such as paint. Bonding around a resilient mount shall not depend on the clamping action of rubber or
similar material.
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24.5 A bolted or screwed connection that incorporates a star washer or serrations under the screw head
is acceptable for penetrating nonconductive coatings as required by Clause 24.4.

24.6 The use of two or more screws, or two full threads engagement of a single screw in metal, complies
with Clause 24.4 if the bonding means depends upon screw threads.

24.7 Metal-to-metal hinge bearing members for doors or covers are considered to be means of bonding
the door or cover for grounding if a multiple bearing pin type (piano type) hinge is used.

24.8 The size of a copper or aluminum conductor employed to bond an electrical enclosure or motor
frame shall be based on the rating of the branch circuit overcurrent device by which the equipment will be
protected oted below the size-ofthe conductors be-as-specifiedin-Clause 19.23.

24.9 |A bonding conductor to a motor or other electrical component need not be’lgrger than the motor
circuitjconductors or the conductor supplying the component.

24.10| Bonding conductors in equipment shall have insulation equivalent to that gf live conductors, if
there i any likelihood of accidental contact with uninsulated live parts,

24 .11 | Splices shall not be employed in wire conductors used forbonding.

24 12| If more than one size branch circuit overcurreént ‘device is involved, the gize of the bonding
condugtor shall be based on the rating of the overcurrent device intended to provide ground fault
protection for the component bonded by the conductoar’ For example, if a motor is indiyidually protected by
a brarjch circuit overcurrent device smaller tham6ther overcurrent devices used with the equipment, a
bonding conductor for that motor shall be sized on the basis of the overcurrent devicelintended for ground
fault pfotection of the motor.

24.13| The temperature on any part efthe compressor shall not exceed 150° C (302°

T
~

a) 8 AWG solid copper conductor, or;
b) 6 AWG solid conductor, or;

¢) 6 AWG stranded copper conductor.

25 Mounting 6f.components

25.1 |Electrical components (for example, switches, fuseholders, lampholdery, attachment plug
receptgeles, motor attachment plugs) shall be mounted securely and, except as permitted by Clause 25.2,
shall be prevented from turning. Hazardous voltage or safety circuit (see Clause 32.3) electrical parts shall
not be attached to removable covers. Friction between surfaces is not acceptable as the sole means of
preventing shifting or turning of a live part, but a properly applied lock washer is acceptable.

25.2 The requirement that a switch be prevented from turning may be waived if the following conditions
exist:

a) the switch is of a plunger or other type that does not tend to rotate when operated;

b) the means for mounting the switch is not subject to loosening as the result of operation of the
switch;

c) spacings are not reduced below the minimum required values by rotation of the switch; and

d) rotation of the switch cannot apply strain on the conductors or their terminal connections.
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26 Switches and controllers

26.1 Except as permitted by Clause 26.3, all units incorporating more than one motor intended for
connection to the same power supply shall be equipped with a controller for controlling the loads involved.

26.2 A cord-connected unit equipped with a single phase motor rated greater than 1/3 hp or 7.2 A at 115
V or 3.6 A at 230 V shall be provided with a manually-operable controller that will de-energize all loads.
Such a controller shall have a marked OFF position (the international symbol “O” may be used). The
controller shall be accessible without the use of tools and shall disconnect all ungrounded conductors. The
attachment plug and receptacle may serve as the disconnecting means if the unit has a motor rated at no
more than 1/3hpor7.2 Aat 115V or 3.6 A at 230 V.

26.3 A motor controller is not required for a unit having more than one motor intended for connection to a
single supply line if the marked maximum overcurrent protective device size doesnot ekceed

a) 20 A at 125 V or less; or
b) 15 A at a voltage greater than 125V but not greater than 600 V;»and

c) The unit does not have a compressor motor rated at more‘than 6 RLA (ratgd load amperes) in
the case of a single-phase motor, or the RLA or LRA)(locked rotor amperes) ratings of the
compressor motor for a 3-phase motor. See Table 264

Table26.1
Ampere ratings for 3-phase compressor motors

Electrical supply Compressor motor rating
Volts Rated load amperes Locked-rptor amperes
208 3.9 23.4
220 -240 3.6 21.6
440 - 480 1.8 10.8

26.4 A controller shall be provided for controlling the condenser fan motor load on @ remote air-cooled
conderjser.

26.5 A compresser evaporator or liquid chiller assembly may have provision for thé connection of the
controlfcircuit.of’a remote condenser fan motor if the assembly is arranged to cause the condenser fan
motor gupply-circuit to be energized when the compressor is operating.

26.6 A switch or other control device shall have a current and a voltage rating of not less than the load
that it controls, as determined in the cooling, heating, and temperature operation tests of Clause 46.1.

26.7 A controller for a hermetic motor-compressor shall have a full-load current rating no less than the
rated-load current of the motor-compressor marked on the product nameplate, and no less than the
branch-circuit-selection current, if the latter value is marked (see Clauses 44.10 and 44.11), plus the
additional load controlled.

26.8 A switch or other control device directly controlling a motor and other loads that may be required to
break the largest motor load under locked rotor conditions shall have, in addition to the ratings specified in
Clause 26.6, a current-interrupting capacity not less than the total of the locked rotor load of the largest
motor plus the full load of the other motors, electric heater, and other loads. The load controlled shall
include any load external to the unit for which connections in the controller or switch circuit are provided.



https://ulnorm.com/api/?name=UL 1995 2022.pdf

AUGUST 1, 2022 CSA C22.2 No. 236-15 ¢ UL 1995 67

26.9 With reference to Clause 26.8, the locked rotor load of a hermetic refrigerant motor compressor
shall be determined from the locked rotor current rating of the motor compressor at the normal test
voltage. If the motor compressor's rated voltage is less than the normal test voltage, the motor
compressor's rated locked rotor current shall be increased by the ratio of the normal test voltage to the
rated voltage.

26.10 Motor controllers shall be arranged so that they will simultaneously open the number of
ungrounded conductors required to interrupt current flow to the motor. A motor controller that also serves
as a disconnecting means shall simultaneously open all ungrounded conductors to interrupt current flow to
the motor. This requirement does not apply to an ungrounded conductor connected to a crankcase heating
arrangement where current flows through a capacitor connected in series with the start winding of a single-
phase motor when the motor is not operating, or any similar arrangements.

26.11
excha

The controller for a motor-compressor employed on a unit in which water is used as the heat
nge medium shall open all ungrounded conductors to the motor-compressor unlgss:

26.12
locate
smoksg

26.13

a) The unit uses double walled heat exchangers that employ a vented interface

b) The unit is equipped with a pressure relief valve or a rupture member th
pressure generated by heating of the water by uninterrupted-eurrent flow.

Control equipment, including transformers, motors;yand heaters of duct-con
 within the discharge or return air space, shall bé so designed, enclosed, or
will not be generated or flame emitted under any.conditions likely to occur in se

The control system of a unit having an electric heater shall be so designed th

operate unless the circulating fan motor circuit.is’energized. This does not preclude th

contro

26.14
termin
the co

26.15
prever
systen
such g
by the

that complies with the applicable requirements for a fan control.

A component, such as a pilot light, capacitor, or resistor, shall not be connecte
pls of a safety control, such-as a temperature- or pressure-limiting control, un
mponent not to bypass the safety control can be determined.

The control system:of an add-on heat pump shall be provided with a fan in
t operation of the/heat pump unless the circulating fan motor circuit is ene
n shall include provision for a separate fan relay for use with those furnaces v
relay. The,separate fan relay shall be an integral part of the heat pump, or sha
heat pump manufacturer, and shall be identified by a marking on the heat pump

26.16

Antadd-on heat pump shall be provided with an interlocking circuit to prevent s

or

at will safely relieve

nected units, when
rotected that dense
rvice.

at the heater cannot
e use of a fan delay

d across the contact
ess the reliability of

terlock designed to
rgized. The control
hich do not include
| be made available
or wiring diagram.

multaneous heating

operationefthe-heatpump-and-installedfurnrace——m——

Exception: Simultaneous operation of the heat pump and furnace during a defrost cycle, or during a short
transition period from heat pump to furnace operation, or from furnace to heat pump operation, is
acceptable provided it can be determined that the compressor motor overload device will not operate
during these periods.

26.17 An add-on heat pump shall be provided with a safety control, such as a pressure-limiting device,
that will prevent simultaneous operation of the heat pump and installed furnace during heating operation.
Compliance shall be determined by the test in Clause 57.

Exception: The safety control is not required in a heat pump with a hazardous voltage interlocking circuit,
referred to in Clause 26.16.
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26.18 With reference to Clause 26.17, the factory- or field-installed control circuit wiring shall be Class 1,
as defined by Rule 16-004 of CSA C22.1 and Article 725-21 of ANSI/NFPA No. 70.

26.19 A low-temperature setting on a thermostat shall not be considered as a true OFF position and shall
not be so marked unless the thermostat does not reclose when cooled to a temperature of —-35°C (-31°F).

26.20 Where circuit breaker or switch handles are operated vertically, the “UP” position shall be the “ON”
position. For multiposition units (eg, upflow, downflow) the installation instructions may be utilized to

reposition in the field for compliance.

26.21

Motors for use with solid-state speed controls

26.22

protecfjon that complies with Clause 23. Such equipment shall include a marking, as

45.16.

26.23
that co

26.24
Except

comply
applicg

Exceptjon No. 2: This requirement does not apply to a motor speed control that comp

60730+

26.25
shall irf
applicg
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Exceptjon No. 1: An aif-gap-type switch is not required when the factory wired solid
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A motor intended for use with a remotely located solid-state speed controk'sh

A unit that is provided with an integral solid-state speed controhshall employ
Mplies with Clause 23.

A solid-state speed control shall comply with the requirements in UL 1917 and

jon No. 1: The spacings of an integral factory wired component solid-state
with either UL 1917 or UL 244A. Compliance with UL 60730-1, CAN/CSA E|
ble Part 2 standard from the UL or CSA 60730~F series fulfills these requiremen
1, CAN/CSA E60730-1 and/or the applicable Part 2 standard from the UL or CS
A permanently connected motaor’employing a factory wired component solid-
clude a positive marked “off~position provided by an air-gap-type switch tha
ble requirements in UL 20,5UL 1054, UL 61058-1A, or the equivalent, and CSA
| indicator.

rgizes all eircuits that involve open circuit potentials in excess of 30 V ac (42.4

tinuouscurrent flow through a 1500 ohm resistor connected across the potentia

on No 2: Electromechanical relays comply/ng with UL 508 and CSA 23.

D. 24, and CSA 22.2 Ne. 55. This marking shall be represented by the word “off],
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27 Transformers

27.1 Transformers intended to supply Class 2 circuits shall have no electrical connection, other than
electromagnetic induction, between the Class 2 secondary circuit and the primary circuit.

27.2 A transformer, or combination of transformer and fixed impedance, as the source of supply of a
Class 2 circuit, and intended for connection to Class 2 open wiring, shall be subjected to an output test
with the primary energized at full rated voltage. Under any noncapacitive conditions of loading from no
load to the short circuiting of any or all secondary terminals, and without disturbing internal connections,
the secondary output current shall be not greater than that permitted for a Class 2 transformer.
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27.3 A transformer (including an autotransformer), other than that described in Clauses 27.9 and 27.10
shall

a) be provided with thermal overload protection in accordance with the requirements of Clause
27.5; or

b) be protected by an overcurrent device in accordance with the requirements of Clause 27.6; or

c) comply with the Transformer burnout test, Clause 65.

Exception No. 1: A transformer rated less than 50 VA that supplies only a motor control circuit and is
located in the same enclosure as the motor controller and is protected by prlmary overcurrent devices,
impedarcetim 9 ' 9 ST 7S requirement.

Excepiion No. 2: A transformer need not comply with items (a) — (c) of Clause 27,3 where the transformer
is located in an outdoor section within a double enclosure, e.g. a control boxthat'complies with Clause 6.1,
plus ap outer cabinet that complies with Clause 5.6, without openings andywhere any smoke generated
cannof enter an indoor section.

27.4 |If a transformer (with hazardous voltage primary circuit) incorporates a thermal overload protective
device, the device shall be arranged to interrupt primary current, and shall limit the femperatures of the
transformer windings to those permitted by the particular elass of insulation of the tfansformer windings
when {ested in accordance with the Transformer — Overlaad*Test, Clause 66.

Exception: If the thermal overload protective device is.a nonrenewable thermal cutoff type, the burnout test
of Clalise 65 rather than the overload test of Clausé 66 shall be conducted to determine compliance with
this requirement.

27.5 |A thermal cutoff shall comply withs CSA C22.2 No. 209 and UL 60691. A rIanuaI or automatic
resetting thermal protector shall havexan endurance rating of not less than 6000 cyclés, and shall comply
with CSA C22.2 No. 24 and UL 873 or with the UL 60730-1 and UL 60730-2-9 or with CSA E60730-1, and
CSA H60730-2-9, pertaining tothe calibration of temperature-limiting controls.

27.6 |If a transformer having a hazardous voltage primary is protected by an overgurrent device, such
protection shall comply with the requirements specified in Clauses 27.7, 27.8, 27.11, apd 27.13.

27.7 |Except asynoted in Clause 27.8, a transformer having a hazardous voltage primary shall be
protected by an‘overcurrent device (or devices) located in the primary circuit, and ratefl or set as indicated
in Table 27 :4-~See Clause 27.11.

EXCe I‘Ul“;. l’ftlL;U ratcd ’uufna:_y Lrullcllt Uf tlL;U t:'cu IOfUlIIlGI IO 9 A Ul lIlUI <, di ld 125DU Uf hiS Current doeS rlOt
correspond to a standard rating of fuse or circuit breaker, the next higher standard rating of protective
device may be used.

Table 27.1
Rating of overcurrent device
Maximum rating of overcurrent device, percent of
Rated primary current, A transformer primary current rating

Less than 2 300°

2 or more, less than 9 167
9 or more 125

@ Does not apply to autotransformer; may be increased to 500% if transformer supplies a motor control circuit.
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27.8 If the circuit supplying a transformer other than an auto transformer is provided with overcurrent
protection rated or set at not more than 250% of the rated primary current of the transformer, additional
overcurrent protection is not required in the primary circuit, provided that the secondary circuit is protected
at not more than 125% of the rated secondary current of the transformer. See Clause 27.12.

Exception No. 1: If the rated secondary current of the transformer is 9 A or more, and 125% of this current
does not correspond to a standard rating of fuse or circuit breaker, the next higher standard rating of
protective device may be used in the secondary circuit.

Exception No. 2: If the rated secondary current of the transformer is less than 9 A, the overcurrent device
(or devices) in the secondary circuit may be rated or set at not more than 167% of the rated secondary
curren

27.9 Except as indicated in Clause 27.10, a transformer having a rated output of\not more than 30 V and
100 VA shall be protected by an overcurrent device located in the primary circuit. Thel overcurrent device
shall be rated or set at not more than 167% of the primary current rating of.the transformer. See Clause
27.11.

27.10 | If the transformer is Class 2, compliance with Clause 27.9,is\not required.

27.11 | Overcurrent protection in the primary circuit of a trahsformer, as described i Clauses 27.7 and
27.9, need not be provided if, based on the marked ratings’ of the equipment, the rating of the branch
circuit pvercurrent protective device does not exceed:the values specified in Clauge 27.7 or 27.9, as
applicdble.

27.12 | Overcurrent protection in the secondary circuit of a transformer, as required by Clause 27.8, shall
be proYided as part of the equipment.

27.13 | A required transformer overcutrent protective device shall be provided as specified in Clause 32.7.

27.14 | With reference to Clause\27.13, the fuses need not be provided when the fuseholder is factory-
installed in the product and if the-fuse ratings are marked as specified in Clause 45.3(a}.

27.15 | The secondary.of a transformer supplying power to extra-low-voltage circuits ghall be grounded if
(see Clause 32.4)

a) the primary is energized from a source rated at more than 150 volts-to-ground; or

b).it supplies power to a control circuit that is a safety circuit.

28 Capacitors

28.1 Capacitors shall be within a suitable enclosure or container made of sheet metal or some other
suitable material.

28.2 OQil filled motor running capacitors and dry-film protected type running capacitors shall comply with
the testing requirements of UL 810 and CSA 22.2 No. 190.

28.3 Electrolytic types of motor starting capacitors shall comply with the requirements of supplement SA
of UL 810.

28.4 A separate enclosure for a capacitor is not required if the capacitor is adequately protected against
damage by the outer enclosure of the unit. If the metal shell of a capacitor complies with the applicable
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requirements of Table 6.1 or Table 6.2, an additional enclosure is not required, provided that the terminals
are suitably enclosed.

28.5 Paper capacitors shall be impregnated or otherwise enclosed to exclude moisture.

28.6 A capacitor employing a liquid dielectric medium shall be protected against expulsion of the
dielectric medium when tested in accordance with Clause 46.1, including faulted overcurrent conditions
based on the circuit in which it is used. (See Clause 64.1.)

Exception: If the available fault current is limited by other components in the circuit, such as a motor-start
winding, the capacitor may be tested using a fault current less than the value specified in Table 64.1 but no
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ectric crankcase heaters

An electric crankcase heater assembly shall be constructed.‘of materia
Fatures to which it may be subjected in the unit.

The heater element may be enclosed in metallic sheathing or may be resistan

with these requirements, so as to be protected agaifist damage in its int
c enclosed heater elements may be insulated from-the sheath with magnesi
or other materials having heat-resisting properties:

To comply with Clause 29.1, a heater case or.a terminal seal of rubber or the
ave suitable aging properties for temperatures measured during heating tests.

If moulded seal caps are provided,. the 'wall thickness of material covering spli
ivalent to the required minimum thiekness of insulation on the heater leads.

Metal tubing forming a heater element enclosure shall be constructed of

e for the temperatures to Which it is subjected.

Uncoated coppertubing may be used for temperatures of 200°C (392°F) and Io
r tubing is aceeptable for temperatures below the melting temperatures of the g
coated steeltubing is not acceptable as a crankcase heater sheath. Plated
yed if theyplating is determined to be corrosion resistive, and will withstand

t_melting or other breakdown. Stainless steel tubing such as ASTM type 3(
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30 Electric heaters

30.1 An electric heater intended to be used with a unit shall be tested with the unit in accordance with
these requirements.

30.2 A heating element shall be supported in its intended position in a substantial and reliable manner
and shall be protected against mechanical injury and contact with outside objects. In determining if a
heating element complies with this requirement, consideration shall be given to sagging, loosening, and
other similar conditions resulting from

a) continuous heating of the element; and
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b) flexing of the element supports or related wiring due to alternate heating and cooling of the
element.

30.3 Heating elements shall be so supported that, even if heaters are subjected to extreme conditions of
operation, including the tests specified in Clause 54, short circuits cannot occur between turns, between
sections of the heating elements, or between uninsulated live parts and non-current-carrying metal parts,
and the spacings of Table 33.2 and Table 33.3 are maintained.

30.4 Coiled wire heating elements may be supported on porcelain, hook type insulators depending upon
the stiffness of the coil, the spacing between hooks, and the shape of the hook, etc. Porcelain insulators of
all types will normally be required to be retained in place by means other than the heating element.

30.5 Heating elements shall be securely fastened to terminals (under the heads ]of terminal binding
screws) in such a manner that the wire is not be likely to become loosened duringthe'lifetime of the heater.

30.6 |f an auxiliary control device, such as a thermostat, or a combination’thermostal and control switch
in a prgduct with electric heat or remote control assembly, has a marked\ON or OFF pgsition, or is marked
with another wording or symbol, such as “NO HEAT, COLD, O,” or similar wording, that conveys the same
meanirlg as “OFF”, it shall disconnect the element or elements)and controls frgm all ungrounded
condugtors of the supply circuit when placed in that position. This\requirement applies o a thermostat in a
remotel control assembly that is referred to on the product hameplate, but does nof apply to a remote
auxiliafy control device in a Class 2 circuit such as a room.thefmostat.

30.7 An auxiliary control is considered to be onerthat is intended primarily fpr regulating time,
temperature, etc, under conditions of intended operation, but is not intended for| protection against
overload or excessive temperature conditions, etc;

30.8 Electric heaters employing resistance-type heating elements intended for comfprt heating shall be
protected at not more than 60 A, and the protected circuit shall not have a concurrent Idad exceeding 48 A.
These heating elements shall be connected in protected subdivided circuits if any total] concurrent load of
the unit exceeds 48 A based on nameplate ratings. If the overcurrent protective devicgs are in a separate
assempbly for independent mounting, as described in Clause 30.9, the rating of the overcurrent protective
devices$ also shall not exceed 1.5 times the current rating of the connected load, if such rating is more than
16.7 A

Excepfjon: If a heater.assembly is provided with means for field connection to a power supply for only the
resistapce-type élements, with or without their control circuit, in a wiring enclosure havihg a separate cover
and pHhlysically\separated from the power supply for other loads, the rating of the othel loads need not be
considered in.applying this requirement.

30.9 The overcurrent protective devices for subdivided circuits, as required by Clause 30.8, may be
provided by the product manufacturer as a separate assembly for independent mounting.

30.10 The overcurrent protection specified in Clauses 30.8 and 30.9 shall be circuit breakers, cartridge
fuses, or type S plug fuses, of a type and rating appropriate for branch circuit protection, in accordance
with the requirements of CSA C22.1 and ANSI/NFPA No. 70.

30.11 An electric heater shall be equipped with one or more automatically resetting temperature-limiting
controls that will disconnect the heating element or elements from the supply circuit to prevent
temperatures from exceeding the limits specified in Table 46.5. These temperature-limiting controls shall
be factory-installed as an integral part of the heater.

30.12 The temperature-limiting controls shall comply with the applicable requirements of CSA C22.2 No.
24 and UL 353.
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30.13 A safety control or a temperature-limiting control intended to prevent heater operation that can
result in risk of fire, electric shock, or injury to persons shall be operative whenever the heater is connected
to its power supply, and shall interrupt operation of a sufficient number of heating elements to prevent
temperatures from exceeding applicable temperature limits.

30.14 A unit employing an automatically resetting temperature-limiting control shall interrupt the power
supply to the heater by direct means or by means of a single magnetically operated relay device or
contactor that complies with the requirements for the endurance test for the limit control.

30.15 Contactors and sequence controls, such as thermal relays or mechanical step controls, used to
control one or more sections of the heater element load, shall be able to withstand 100,000 cycles of

makin

and breaking the load controlled

30.16

contro

30.17
replac
the al

led rectifiers (SCR’s) are used, the safety contactor shall break all upgrounded ¢

A unit employing electric heaters shall be provided with_one or more ma
bable backup protective devices of the type specified in Clause 30.18 that will,
tomatically resetting temperature-limiting control permanently closed, limit t

All contactors and sequence controls that are used on open electric\hegters shall break all
ungroinded conductors. Phase break on three phase heaters shall not, be| perm

tted. Where silicon
onductors.

hually resettable or
with the contacts of
he temperatures to

comply with the requirements specified in the Backup protection tests — Clause 55.
30.18| The manually resettable or replaceable protective devices specified in Clguse 30.17 shall be
functignally independent of the automatically resettihg.temperature-limiting control. The following types of

contro

30.19
heater
resetti

s comply with this requirement:

a) One or more thermal cutoffs, nonresettable temperature-limiting controls, or|
limit controls connected to open a sufficient number of ungrounded conductors
comply with the specified temperature limits.

b) A combination consisting 6f one or more normally open switching device(s)
nonresettable limit controls; or manually resettable limit controls. The thermal

shall be connected inthe coil circuit of the switching device. The combination s
the product; be able o open a sufficient number of ungrounded supply cond
product to comply with the specified temperature limits; and be independe
automatic cycling device with the unit.

The backup protection specified in Clause 30.17 is required for a product e

hg'temperature-limiting control and a temperature-regulating control for the heat

manually resettable
to permit the unit to

and thermal cutoffs,
cutoff or limit control
shall be integral with
uctors to permit the
nt of control by an

mploying an electric

that<incorporates a switching device whose coil circuit is controlled by both the automatically

er

30.20 A thermal cutoff or nonresettable limit control shall be secured in place and located so that it will be
accessible for replacement without damage to other connections or internal wiring, in compliance with
Clauses 30.22 and 30.24.

30.21

A thermal cutoff or nonresettable limit control shall comply with the requirements of the Backup
protection tests, specified in Clause 55.

30.22 Replacement of a thermal cutoff or nonresettable limit control shall not necessitate any of the

followi

ng:
a) Removal of the unit or heater assembly from its installation, except as specifi

b) Disconnection of the field wiring systems;

ed in Clause 30.23;
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c) Stretching or similar displacement of the heater element wire that could cause permanent
displacement or distortion to the extent that the performance of the heater could be affected; or

d) Release of the heater element wire from its attachment if this would result in displacement of the
element.

Exception: A thermal cutoff or nonresettable limit control that is not required in order to comply with any of
the requirements in this standard need not comply with Items (a) and (b).

30.23 With reference to the requirements of Item (a) of Clause 30.22, removable heating elements or an
element assembly may be withdrawn, or a heater may be partially withdrawn, to replace a thermal cutoff or
nonresettable limit control, if withdrawal will not result in noncompliance with the requirements of Items (b),

(c), and (d) of Clause 30.22.
30.24 | Wiring connected to a thermal cutoff or nonresettable limit control‘ shall Qe secured so that
replacgment of the thermal cutoff or nonresettable limit control will notresult in displacement or

disturb
assem

30.25
produc
circuit.

30.26

more 9
breakir]
control

31

311

receptd
special
CSA-C

31.2
the eqy

Re¢ceptacles

ance of internal wiring other than leads to the cutoff or limit contral; or leads tg
ply on which the cutoff or limit control is mounted.

A thermal cutoff or nonresettable limit control shall not finction during any t
[ employing electric heaters, when the automatically(resettable limit control i

Sequence controls, such as thermal relays ©rjymechanical step controls, use
ections of the heater element load, shall e able to withstand 100,000 cyq
g the load controlled, unless the unit is*Capable of withstanding required test

5

D.

nless intended to be connected to a power supply separate from that supplyin
cle intended for generaluse shall be rated at 15 or 20 amperes, 125 or 250 vo
use receptacle shalkbe'of the grounding type and shall comply with the applica
22.2 No. 42 and Uk 498.

Dvercurrent.protection shall be provided as part of the equipment for each reqg
ipment unless:

a) The receptacle is intended to be connected to a power supply separate fron
equipment;

a heating element

bst performed on a
5 connected in the

d to control one or
les of making and
5 without sequence

g other loads, each
ts. Each general or
ble requirements of

eptacle included in

h that supplying the

b) The equipment can be connected to a branch circuit rated at not more than 15A or 20A in

accordance with CSA C22.1 or ANSI/NFPA No. 70; or

c) The receptacle is intended for use only with specific accessories.

31.3 Receptacles connected to the line side of a unit disconnect shall have a separate disconnect

31.4 When installed on equipment for outdoor use, in addition to complying with the rain test in Clause
74 the service receptacle shall comply with installation requirements in CSA C22.1 and ANSI/NFPA No. 70

insofar

as they apply, including:

a) A 125 or 250 V, single-phase, 15 or 20 A receptacle intended for general use shall have a
ground-fault circuit-interrupter (GFCI). The GFCI shall comply with C22.2 No. 144 and UL 943.
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b) Unless subjected to the rain test of Clause 74 125 or 250 V, single-phase, 15 or 20 A receptacles
installed in wet locations shall have an enclosure that is weatherproof whether or not the
attachment plug is inserted, and all 125 or 250 V, single-phase, 15 or 20 A non-locking receptacles
shall be weather-resistant types.

32 Control circuits

32.1 For the purpose of these requirements, a direct connected, hazardous voltage control circuit is one
that is supplied from a branch circuit separate from a branch circuit that supplies other loads within the
equipment. It is not tapped from the load side of the overcurrent device of the controlled circuits within the

equipment.

32.2
the p¢g
equipr
is one
load.

32.3
with, g
circuit

Excep
the pr
subjed

32.4

ungroyinded side of the\.control circuit. If the control circuit is derived from an externa

contro

For the purpose of these requirements, a control circuit is one that carries gleg
rformance of a controller which, in turn, governs power delivered to a motor
nent. A control circuit does not carry main power current. A tapped, hazardous Vv
that is tapped within the equipment from the load side of the overcurrent devi

tric signals directing
or other load in the
pltage control circuit
ce for the controlled

A control circuit is considered to be a safety circuit if it includes contacts of gny controls integral

r external to, the equipment that are intended to preventtnsafe operation of th
wiring becoming grounded, open circuited, or short circuited, such as

a) a device to prevent overheating of a motor due t0 overload (including locked
b) a temperature limit switch, the failure of which to operate might result in an u

c) a pressure-limiting device in a refrigerating system, the failure of which to op
an unsafe condition.

fion: A control circuit having a pressure-limiting device is not considered to be a
essure-limiting device is required by Clauses 34.29 through 34.32 and all
ted to refrigerant pressures.have sufficient strength as required by Clause 34.4.

In a control circuitthat is a safety circuit, the contacts of a safety device shall

circuit shall
a) be gradnded within the unit; or

b)-be-marked to caution that the side of the control circuit employing the safety
grounded.

e equipment due to

rotor);
hsafe operation; or

erate might result in

safety circuit unless
parts of equipment

be connected in the
| voltage source the

device shall not be

32.5 Conductors of hazardous voltage control circuits shall be provided with overcurrent protection. The
rating of the overcurrent protective device or devices shall not exceed the applicable values specified in
Table 32.1.

Exception No. 1: Conductors of 18, 16, and 14 AWG that do not exceed 1.2 m (4 ft) in length between
points of opposite polarity may be protected by overcurrent protective devices rated 60 A or less.

Exception No. 2: An overcurrent protective device of a higher rating may be used if the conductors
withstand short-circuiting when tested as specified in the Limited Short-Circuit Test, Clause 64.

Exception No. 3: A lead 305 mm (12 in) or less in length need not be provided with overcurrent protection.
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Exception No. 4: A control circuit conductor supplied from the secondary of a single-phase transformer
that is connected so that only a two-wire (single voltage) secondary is used may be protected by an
overcurrent device located on the primary side of the transformer, provided that this protection is in
accordance with requirements specified in Clause 27, Transformers, and that the rating of the device does
not exceed the applicable values specified in Table 32.1 multiplied by the ratio of secondary to primary
rated transformer voltage.

Exception No. 5: A control circuit conductor that is tapped from the main power circuit at a point outside of
the control equipment enclosure shall be protected as specified in Tables 1 through 4 in CSA C22.1 and
Column A of Table 430-72(b) of ANSI/NFPA No. 70. The correction factors of the referenced Tables need
not be applied.

Table 32.1
Overcurrent protective device rating for control circuit conductors

Maximum rating of overcurrent protective device, A

Tappled control circuit Conductors contained in control equipment Conductors extending beyond control
conductor size mmz enclosure eqmpment bnclosure
(AWG) Copper Aluminum? Copper Aluminum?®
0.82 (18) 25 - 5 -
1.3(16) 40 - 10 -
2.1(14) 100 A 45 -
3.3(12) 120 100 60 45
5.3 (10) 160 140 90 75
Larger than 5.3 (10) b b c c

2 Includes copper-clad aluminum.

b 400%]of value specified for 60°C conductors.inTable 1 of CSA C22.1 and Table 310-17 of ANSI/NFPA No| 70. The correction
factors pof the referenced Table need not be.applied.

¢ 300%|of value specified for 60°C conduetors in Table 2 of CSA C22.1 and Table 310-16 of ANSI/NFPA No| 70. The correction
factors pf the referenced Table need not be applied.

32.6 Pvercurrent protection for a conductor of a hazardous voltage control circuit, as|required by Clause
32.5, shall be provided jas part of the equipment, if, based on the marked rating of fthe equipment, the
rating of the branch_cCircuit overcurrent protective device exceeds the applicable values specified in Table
32.1.

Excepfjon:lf the unit employs a direct-connected hazardous voltage circuit, and the overcurrent protective
device$ are not provided as part of the unit, the unit shall be marked to specify the maximum size of
overcurrent device for the unit. The type of overcurrent protection shall be specified in the marking.

32.7 Overcurrent protective devices shall be provided for all ungrounded conductors, and have a voltage
rating not less than the circuits in which they are used.

The devices shall be either a circuit breaker or a fuse suitable for branch circuit protection such as HRCI-J,
-R,-T,-L, or HRCII-C, or Class CC, G, H, J, K, L, R, T,or a Type S plug fuse.

Exception: If the control circuit is tapped from a circuit supplying other loads in the equipment, a device
used for overcurrent protection may be of the supplementary type (a type other than indicated for branch
circuit protection), provided that it has a interrupting rating acceptable as specified on Table 64.1 for the
circuit in which it is used. See Clause 45.3 for fuse replacement marking.
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32.8 Fuses shall comply with UL 248-1 Low-Voltage Fuses — Part 1, General Requirements and
CAN/CSA-C22.2 No. 248.1-00 Low-Voltage Fuses — Part 1, General Requirements and one of the
following standards:

a) UL 248-2 Low-Voltage Fuses — Part 2, Class C Fuses and Low-Voltage Fuses — Part 2, Class C
Fuses CAN/CSA-C22.2 No. 248.2 or;

b) Low-Voltage Fuses — Part 3, Class CA and CB Fuses UL 248-3 Low-Voltage Fuses — Part 3,
Class CA and CB Fuses and CAN/CSA-C22.2 No. 248.3 or;

c) Low-Voltage Fuses — Part 4, Class CC Fuses UL 248-4 Low-Voltage Fuses — Part 4, Class CC
Fuses and CAN/CSA-C22.2 No. 248.4 or;

d) UL 248-5 Low-Voltage Fuses — Part 5, Class G Fuses and CAN/CSA-C22.2 No. 248.5 Low-
Voltage Fuses — Part 5, Class G Fuses or;

e) UL 248-6 Low-Voltage Fuses — Part 6, Class H Non-Renewable Fuses and CAN/CSA-C22.2 No.
248.6 Low-Voltage Fuses — Part 6, Class H Non-Renewable Fuses)or,

f) UL 248-7 Low-Voltage Fuses — Part 7, Class H Renewable Fuses and JAN/CSA-C22.2 No.
248.7 Low-Voltage Fuses — Part 7, Class H Renewable Fuses'or;

g) UL 248-8 Low-Voltage Fuses — Part 8, Class J-Fuses and CAN/CSA-C2R.2 No. 248.8 Low-
Voltage Fuses — Part 8, Class J Fuses or;

h) UL 248-9 Low-Voltage Fuses — Part 9, Class K Fuses and CAN/CSA-C22.2 No. 248.9 Low-
Voltage Fuses — Part 9, Class K Fuses or;

i) UL 248-10 Low-Voltage Fuses — Part 10, Class L Fuses and CAN/CSA-C22.2 No. 248.10 Low-
Voltage Fuses — Part 10, Class L Fuses or;

j) UL 248-11 Low-Voltage Fuses — Part 11, Plug Fuses and CAN/CSA-C22/2 No. 248.11 Low-
Voltage Fuses — Part 11, Plug-Fuses or;

k) UL 248-12 Low-Voltage Fuses — Part 12, Class R Fuses and CAN/CSA-C22.2 No. 248.12 Low-
Voltage Fuses — Part.12, Class R Fuses or;

[) UL 248-13 Low-Voltage Fuses — Part 13, Semiconductor Fuses and CAN/CSA-C22.2 No. 248.13
Low-VoltageFuses — Part 13, Semiconductor Fuses or;

m) UL 248-14 Low-Voltage Fuses — Part 14, Supplemental Fuses and CAN/CSA-C22.2 No. 248.14
Low=Yoltage Fuses — Part 14, Supplemental Fuses or;

n) UL 248-15 | ow-=\oltage Fuses — Part 15 Class T Fuses and CAN/CSA-C2?2 .2 No. 248.15 Low-
Voltage Fuses — Part 15, Class T Fuses or;

0) UL 248-16 Low-Voltage Fuses — Part 16, Test Limiters and CAN/CSA-C22.2 No. 248.16 Low-
Voltage Fuses — Part 16, Test Limiters

32.9 Where the equipment has part of a control circuit included within it, and is intended to have the
circuit completed at the time of installation by external wiring to a safety device located outside the
equipment, the equipment shall be marked to show that the external wiring is to comply with the
requirements for a Class 1 circuit. See Clause 26.19.

32.10 Fuseholders shall comply with the UL 4248 Series of Standards for Fuseholders or the CSA
CAN/CSA-C22.2 No. 4248 Series of Standards for Fuseholders.
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32.11 Circuit breakers shall comply with the Standard for Molded-Case Circuit Breakers, Molded-Case
Switches, and Circuit Breaker Enclosures, UL 489, or CAN/CSA-C22.2 No. 5.

33 Spacings
Hazardous Voltage Circuits

33.1 In circuits up to and including 750 V, the spacings between an uninsulated live part and an
uninsulated live part of opposite polarity, an uninsulated grounded part other than the outer enclosure, an
exposed metal part that is isolated (insulated), or the outer enclosure shall be not less than as specified in
Table 33.2 and Table 33.3.

33.2 The spacings between uninsulated live parts of opposite polarity, and betwegn uninsulated live
parts and grounded non-current-carrying metal parts, of circuits greater than 750"V/sHall be not less than
those gpecified in Table 33.1.

Table 33.1
Spacings for hazardous voltage circuits

Minimum spacing, mm (in)

Voltage range, V Through air Ovef surface
751-1000 10 (3/8) 18 (1/2)
1001 -2000 19 (3/4) 34((1-3/8)
2001 -3000 25(1) $0(2)
3001 - 5000? 63 (2-1/2) 15 (3)
3001 - 5000° 82 (3-1/4) 100 (4)
5001 —7200? 75 (3) 88(3-1/2)
5001- 7200° 100 (4) 1p5 (5)

@ Betwgen uninsulated live parts and grounded non-current-carrying metal parts.

b Betwgen uninsulated live parts of 6pposite polarity.

33.3 [he spacings ‘on the components in the control system, which are derived from a current
transfoymer sensing.the motor compressor current, shall be judged on the basis of the maximum available
voltagq at the component with the motor-compressor operating at rated load current. S¢e Clause 33.4.

33.4 Pravision shall be made for limiting the voltage in the control assembly (see Clause 33.3) resulting
from an“open secondary circuit of a remote current transformer to a voltage fon which the control
components in this circuit are acceptable. The open secondary circuit may result from an open remote
shunt resistor or from a disconnected or broken conductor at the connection to the control circuit.
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Table 33.2
Minimum spacings at locations other than electric heating elements

Rating® Minimum spacing mm (in)
Through air, Over surface® To enclosure?
VA Volts mm in mm in mm in
0-2000 0 - 300° 3.2 1/8 6.3 1/4 6.3 1/4
More 0- 150 3.2° 18 6.3 14 125 172
than 151 -300 6.3 1/4 9.5 3/8 12.5 1/2
2000 301 — 750 9.5 3/8 12.5 112 12,5 1/2

@ These spacings do not apply to an individual enclosure of a component part within an outer enclosure or cabinet.

® If ovgr 300 V, the spacings in the last line of the Table apply.

¢ The gpacings between wiring terminals of opposite polarity or between a wiring terminal and ground shall|be not less than 6.3
mm (1{4 in), except that if short circuiting or grounding of such terminals will not result from projecting.strands of wire, the spacing
need rjot be greater than that given in the above Table. Wiring terminals are those connected in_the‘field and not factory-wired.

4 The gpacings at an individual component part shall be judged on the basis of the total measuted volt-ampere consumption of the
load of loads which the components control. For example, a component that controls thexcompressor motof shall be judged on the
basis ¢f the measured volt-amperes of the compressor motor. A component that controls loads in addition fo the compressor
motor ghall be judged on the basis of the sum of the volt-amperes of the loads so contrelled, except that in B component that
indepgndently controls separate loads shall be judged on the basis of the volt-ariperes of the larger load. The volt-ampere values
for the|load referred to above shall be determined by the marked rating of the léad; except that for loads that are not required to
have g marked rating, the measured input shall be used in determining the vélt-ampere values.

¢ The ¢ver surface spacings for glass-insulated terminals of motors may)be’3.2 mm (1/8 in) where 6.3 mm (1/4 in) is specified in
the Table; and may be 6.3 mm (1/4 in) where 9.5 mm (3/8 in) is spegified.
Exception No. 1: The spacings of motor terminals inside a hermetic.motor enclosure may be one-half of thpse indicated in the
Table, lexcept that the over surface spacings may be 2.4 mm (3/32in) where 6.3 mm (1/4 in) is specified.
Exception No. 2: The above spacing requirements do not appli/to the inherent spacings (internal) of a conyponent part of the unit
for which spacing requirements have been judged on the basis of the component standard.
Exception No. 3: At closed-in points only, such as the serew and washer construction of an insulated termipal mounted in metal, a
spacing of not less than 1.2 mm (3/64 in) is acceptable, if the potential involved is 300 V or less, and a spading of not less than 6.4
mm (1f4 in) is acceptable if the potential is 300-750\V.
Exception No. 4: The spacings "to enclosure' shall not be applied to an individual enclosure of a componeht within an outer
encouhter or cabinet.

Table 33.3
Minimum spacings at electric heating elements®®
$pacing
Description of spacing Potential involved, V mm in

Betwegn uninsulated live parts of opposite polarity; 0-250 1.6 1/16
and bgtween an uninsulated live part and a dead metal

part, ofher'than the enclosure, that either is exposed to 251 — 600 6.4° 1/4P
contaat h\]l persons-ormay be groL inded )

Between a live part and the enclosure 0-600 6.4 1/4

@ These spacings are applicable only to parts of the heating element and its terminals located inside the conditioned (heated or
cooled) air handling compartment. If an uninsulated live part is not rigidly supported, or if a movable dead metal part is in proximity
to an uninsulated live part, the construction shall be such that at least the minimum spacing is maintained under all operating
conditions and under all normal conditions of handling. Spacings at a thermal cutoff shall comply with Table 33.2.

® A spacing of not less than 1.6 mm (1/16 in) is permissible at a heating element rated for 300 V or less.

¢ Metal-sheathed heater elements that have spacings at terminations between live parts and noncurrent-carrying metal parts less
than 3.2 mm (0.13 in) (6.3 mm (0.25 in) for 300 — 600 V), but not less than 1.6 mm (0.06 in) (3.2 mm (0.13 in) for 300 — 600 V) shall
be sealed against moisture.

33.5 If higher than rated potential is developed in a motor circuit through the use of capacitors, the rated
voltage of the system shall be assumed for the evaluation of spacings. However, if the developed steady
state potential determined under normal operating conditions exceeds 500 V, the developed potential shall
be used in evaluating spacings for the parts affected.
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33.6 An insulating liner or barrier of vulcanized fibre, varnished cloths, mica, phenolic composition, or
similar material employed where spacings would otherwise be insufficient shall be not less than 0.7 mm
(0.028 in) thick.

Exception No. 1: A liner or barrier not less than 0.3 mm (0.013 in) thick may be used in conjunction with an
air spacing of not less than 1/2 of the through air spacing required. The liner shall be located so that it will
not be oxidized or otherwise deteriorated by arcing.

Exception No. 2: Insulating material less than 0.7 mm (0.028 in) thick may be used, if it has insulating,
physical, and flammability properties equivalent to those of the materials specified in the above Clause.

Extra-l.ow-Voltage-Safety Circuits

33.7 For an extra-low voltage safety circuit (including Class 2), if operation of thé groduct with a short
circuit pr grounded circuit may result in unsafe operation of the controlled device, spacings shall be as
follows|

a) The spacing between uninsulated live parts and the walls of a metal enclosure, including conduit
fittings, etc, shall not be less than 3.2 mm (1/8 in);

b) The spacing between wiring terminals intended for ‘connection of hazardous voltage circuit
wiring, irrespective of polarity, and between wiring)terminals and metal parts (including the
enclosure) that may be grounded when the device(is installed, shall be not less than 6.3 mm (1/4
in); and
c) The spacing between uninsulated live pafts, irrespective of polarity, and bgtween uninsulated
live parts and metal parts, other than the-enclosure, which may be grounded |[when the device is

installed, shall be not less than 0.8 mm (1/32 in) provided that the parts are cgnstructed in such a
way that spacings are maintained.

33.8 No spacings are specified forClass 2 circuits not used as safety circuits.
34 Refrigerant, hot water, and steam coils
General

34.1 Refrigerant:containing components shall comply with the following:

a) theyashall be constructed of corrosion-resistant material, or shall be plated| dipped, coated, or
otherwise treated to resist external corrosion and;

b) except as stated in Item (c), tubing used to connect refrigerant-containing components shall
comply with the minimum wall thickness requirements of Table 34.1 and with the strength
requirements of Clause 34.3 and;

c) tubing used in the construction of refrigerant-containing components, such as an evaporator or
condenser coil, that is adequately protected by the inherent construction shall comply with the
strength requirements specified in Clause 34.3.

34.2 Refrigerant-containing components that comply with the Standard for Nonelectrical Refrigerant-
Containing Components and Accessories, UL 207, and the Standard for Refrigerant-Containing
Components for Use in Electrical Equipment, CSA C22.2 No. 140.3, meet the requirements of (a), (b), and
(c).
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Table 34.1
Tubing wall thickness

Minimum wall thickness,® mm (in)

Copper
Outside diameter Protected Unprotected Steel

4.76 (3/16) 0.62 (0.0245) 0.67 (0.0265) 0.64 (0.025)
6.35 (1/4) 0.62 (0.0245) 0.67 (0.0265) 0.64 (0.025)
7.94 (5/16) 0.62 (0.0245) 072 (0.0285) 0.64 (0.025)
9.53 (3/8) 0.62 (0.0245) 072 (0.0285) 0.64 (0.025)
12770 2y 62 (OS] &2 (02857 0p4 (0.025)
15,88 (5/8) 0.80 (0.0315) 0.80 (0.0315) oB1 (0.032)
1905 (3/4) 0.80 (0.0315) 0.98 (0.0385) 0p1 (0.032)
22123 (7/8) 1.04 (0.0410) 1.04 (0.0410) 117 (0.046)
2540 ) 117 (0.0460) 117 (0,0460) 1417 (0.046)
28158 (1-1/8) 1.17 (0.0460) 117 (0.0460) 1417 (0.046)
31|75 (1-1/4) 1.28 (0.0505) 1.28 (0.0505) 147 (0.046)
34193 (1-3/8) 1.28 (0.0505) 1.28 (0.0505) 147 (0.046)
3810 (1-1/2) 1.41 (0.0555) .41 (0.0555) 158 (0.062)
413 (1-5/8) 1.410 (0.0555) 1.410 (0.0555) 158 (0.062)
54.0 (2-1/8) 1.626 (0.0640) 1.626 (0.0640) i -

66.7 (2-5/8) 1.880 (0.074Q) 1.880 (0.0740) i -

@ Nominal wall thickness of tubing shall be greater than the thickness indicated to maintain the minimum wall thickness.

Note: Protected" implies that the tubing is shielded by-the cabinet or assembly, to the extent that unintend¢d damage caused by
object$ such as tools falling on or otherwise strikingthe tubing during handling and after installation of the Jnit is prevented. This
protection may be provided in the form of baffles,,channels, flanges, perforated metal, or equivalent meangd. If a cabinet is
employed for the intended installation of a uhit, the tubing is considered shielded. Tubing not so shielded is|considered to be
unprotected with respect to Table 34.1.

34.3 |All parts of equipment subject to a refrigerant pressure shall have sufficient sfrength to withstand
the pressure test requirements specified in the Strength test, Clause 70. The test pfessure shall be the
higher|of:

a) Threetimes the maximum normal working pressure, see Clause 34.8,

b) Three times the maximum abnormal pressure, see Clause 34.10, or

T ..
I

T Three times the mmimmurmdesignm pressure specifiedm tabte 851
Exception No. 1: Pressure vessels that comply with Clause 34.6.
Exception No. 2: Pressure gauges and control mechanismes.

Exception No. 3: A part or a complete system that complies with Clause 71.

Exception No. 4: Liquid chillers employing centrifugal motor compressors shall have sufficient strength to
withstand without failure a pressure equal to not less than three times the maximum normal working
pressure, or three times the minimum design pressure specified in Table 85.1, whichever is greater.

Exception No. 5: High-side parts in a carbon dioxide (R-744) transcritical refrigeration system equipped
with a pressure relief or pressure limiting device set at no higher than the design pressure, shall have an


https://ulnorm.com/api/?name=UL 1995 2022.pdf

82 CSA C22.2 No. 236-15 ¢ UL 1995 AUGUST 1, 2022

ultimate strength not less than 3 times the high-side design pressure if the high-side design pressure of a
carbon dioxide (R-744) transcritical refrigeration system equipped with a pressure relief or pressure
limiting device in accordance with 34.2 is not less than 140 Bar (2030 psig).

34.4 A water coil operating at more than 93°C (200°F) and a steam coil shall withstand a hydrostatic
pressure equal to three times the marked operating pressure, without leakage or rupture, when tested as
described in Clause 70.

34.5 A water coil operating equal to or less than 93°C (200°F) shall withstand a hydrostatic pressure
equal to 1035 kPa (150 psig) or two times the marked operating pressure, whichever is higher, without
leakage or rupture, when tested as described in Clause 70.

34.6 |f the equipment includes pressure vessels having an inside diameter over|152 mm (6 in), and
having|an internal or external design pressure greater than 15 psig (103.4 kPA gauge), they shall comply
with CSA B51, and shall be designed, tested, and stamped in accordance/with the ASME Unfired
Pressure Vessel Code for a design pressure in compliance with the requitements ¢f the Strength test
specifigd in Clause 70.

34.7 The tubing connections of dissimilar metals, such as aluminum and copper,|shall be protected
against moisture to minimize galvanic action.

34.8 For the purpose of Clause 34.3, the maximum normalworking pressure shall be fthe following:
a) For high side parts, the highest of the following:

1) The maximum condensing pressure when the equipment is operaled under the most
severe condensing conditions fer which it is intended, but in any case fof equipment with an
air-cooled condenser, at a céndenser air inlet temperature of not less fthan 40°C (104°F),
and for equipment with a water-cooled condenser, at condenser watgr temperatures not
less than 26.7°C (80°F)“at’the inlet and 37.8°C (100°F) at the outlet; and at the most severe
evaporator condition-fer which it is intended, but in any case with air inlet conditions of not
less than 26.7°C(80°F) dry bulb, and 19.4°C (67°F) wet bulb;

2) The marked.design pressure; or

3) The(condensing pressure of water-cooled equipment that does not have a pressure-
limiting-device if the water flow is stopped; and

b) ForJow side parts, the highest of the following:

1) The evaporator pressure when the equipment is operated as specified in Item (a)(1); or

2) The vapour pressure of the refrigerant at 21.1°C (70°F); or

3) The evaporator pressure when it is exposed to some temperature above 21°C (70°F) for
which it is designed; or

4) The marked design pressure.

c) For intermediate pressure parts on transcritical systems, the marked intermediate design
pressure.

34.9 For transcritical systems the maximum normal working pressure is the marked design pressures for
each system pressure range.

34.10 The maximum abnormal working pressure shall be as follows:
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a) for high side parts, the pressure developed in the fan motor and water failure

Note: This includes any intermediate pressure ranges within a transcritical system.

b) for low side parts, the highest of the following:

tests;

1) the pressure that developed in the motor and water failure test(s), including the pressure

that results when the compressor is stopped;

2) the rating or setting of a pressure relief or rupture member fitted in the low side; or

3) if the high side operating pressure is limited by a pressure relief valve that is vented into

the low pressure side of the system, the value of the low side pressure

that results from the

34.11
desigr
Code.

34.12
that re

action of the pressure reliet valve.

Pressure vessels with a design pressure not exceeding 103 kPa (15 psig) ar|
ed, tested, and stamped in accordance with CSA B51 and the ASME Unfir

ASME pressure vessels bearing the code U or UM symbal with a working pr¢
quired by Clause 34.3 are acceptable without test.

Refrigerant Pressure Relief

34.13
brazeq
of the

Excep
only re

34.14
mm (6
by a

refrige

34.15
mm (6
m® (6
contai

tubing joints, special terminals, or pressuresrelief valves, or shall be so constry
system will safely relieve the pressure in ease of fire.

fion: A means for relieving pressure-is not required on a forced air-cooled con
frigerant-containing component js,tubing, and which is not equipped with shutof

A pressure vessel having-an inside diameter greater than 76 mm (3 inches) b
inches) and having a gress internal volume not exceeding 0.085 m® (3 cubic feg
pressure-relief device(s) that complies with Clause 34.16 if it contains or
rant.

A pressure vessel having an inside diameter greater than 76 mm (3 inches) by
inches) and-having a gross internal volume greater than 0.085 m? (3 cubic feet

Ns ar may contain liquid refrigerant. Fusible plugs shall not be used.

e not required to be
ed Pressure Vessel

pssure not less than

Equipment shall have protective means suchyas a fusible plug, a rupture npjember, soldered or

cted that some part

denser in which the
[ valves.

t not exceeding 152
t) shall be protected
may contain liquid

t not exceeding 152
but less than 0.170

cubic feet) shall be protected by a pressure-relief device(s) that complies with Clause 34.17 if it

34.16 The requirements for the pressure relief indicated in Clauses 34.14 and 34.15 are:

a) a rupture member or pressure relief valve that will relieve the pressure at not more than 40% of

the pressure defined in Clause 34.3, or 40% of the pressure it is capable
determined by the test in Clause 70; or

b) a fusible plug, provided that the critical pressure of the refrigerant used d

of withstanding, as

oes not exceed the

relieving pressure specified in Item (a), and that the saturation pressure of the refrigerant used, at
the temperature marked on the plug, does not exceed the relieving pressure specified in ltem (a)

above. However, the pressure-relief device required in accordance with Clause
fusible plug.

34.15 shall not be a

34.17 A pressure vessel having an inside diameter greater than 152 mm (6 inches) mentioned in
Clauses 34.6 and 34.12 shall have pressure relief in accordance with ANSI/ASHRAE 15 and CSA B52.
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34.18 Constructions that may be acceptable for relieving pressure in case of fire include those indicated
in Clause 34.13, as well as gasketed joints and elastomeric insulators for terminals of hermetic
COMpressors.

34.19 A stop valve or shutoff valve shall not be located between any pressure relief device or fusible
plug, etc, and the part or parts of the system protected thereby.

34.20 All pressure relief means on pressure vessels shall be connected adjacent to or directly to the
pressure vessel or parts of the system protected. Pressure relief devices shall be connected above the
liquid refrigerant level and installed to make them accessible for inspection and repair and to protect them

from conditions that could cause them to malfunction.

Exceptlion: Fusible plugs may be located either above or below the liquid refrigerant ey

34.21
device
membd

34.22
when t

34.23

liquid r|
capaci
exceeq

34.24

having
having
pressu
Discha

34.25

are nof
equipp
protect
pressu

34.26

Rupture members shall burst at a pressure within 5% of the nomjnallpress
at the temperature with which it is marked, when tested in accordance with
br test.

Fusible plugs shall operate at a temperature within 5.6°C (10°F) of the marked
psted in accordance with Clause 73.

A pressure vessel that has an inside diameter gré€ater than 76 mm (3 in) and
bfrigerant shall be protected by a pressure relief:device or fusible plug having
y to relieve the pressure developed in the*vessel, under fire conditions, a
ing a value corresponding to one-third the ultimate strength of the vessel.

A positive displacement compresser;operating at pressures exceeding 103
a displacement exceeding 0.02 m%s (50 cfm) shall be equipped with a pre
the capacity and the pressuré setting necessary to prevent rupture of thg
re relief device shall be located between the compressor and stop valve on
rge from the device may bewented to the atmosphere or into the low pressure si

Pressure relief devices may discharge into the low pressure side of the system
appreciably affected by back pressures, and provided that the low pressure s
ed with its own\pressure relief device. The low side pressure relief devices sh
either thes<pressure vessels that are relieved into the low pressure side off
re vesselson the low side of the system, whichever relieving capacity is the largs

Onnliquid chillers employing centrifugal motor compressors, the pressure relief
pssure vessels may be in the low-side of the system, provided

e/,

ure marked on the
Clause 72, Rupture

temperature rating,

that cannot contain
sufficient discharge
nd prevented from

kPa (15 psig) and
ssure relief device
b compressor. The
he discharge side.
de of the system.

, provided that they
de of the system is
bll have capacity to
the system, or all
pst.

device for the high-

side pr

a) it can be established that the clearances between the capacity control vanes and their housings

and other fixed openings between the high-side and low-side are sufficient t
capacity required for high-side pressure vessels; and

b) the low-side pressure relief device has a relief capacity at least equal
capacities required for all pressure vessels on high-side and low-side.

o provide the relief

to the sum of the

34.27 Calculation of the discharge capacity of a rupture member or fusible plug shall be in accordance
with CSA B52 and ANSI/ASHRAE 15.

34.28 A pressure relief valve shall be sealed at a start-to-discharge pressure not exceeding the marked
working pressure of the pressure vessel it protects.
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Exception: A pressure relief valve for a pressure vessel that does not have a marked working pressure
shall be sealed at a start-to-discharge pressure that corresponds to no more than one-fifth of the ultimate
strength of the pressure vessel.

34.29 A pressure-relief valve used on equipment intended to utilize carbon dioxide (R744) in a
secondary loop or a cascade system and provided with a pressure vessel shall be sealed at a value not
less than 3448 kPa (500 psig).

Exception: If the equipment on which the pressure vessel is located does not use a hot gas defrost
system, then the pressure-relief valve on the low side may be sealed at not less than 2069 kPa (300 psig).

34.30

A _nrossure rolief valvae used on ecauinment intended to utilize carhaon
1 A Rkl o4

ioxide (R744) in a

transc
systen

34.31
pressu
of the

34.32
systen
followi

34.33

provid
instrug
accord

34.34
provid

34.35

fitical system shall be sealed at a value not less than 8273 kPa (1200 psig).©on
n, and a value not less than 3448 kPa (500 psig) on the intermediate pressure/si

Where the pressure relief means is provided by a rupture member, the ng
re of the member shall not exceed the marked design pressure of the vessel p

Equipment intended to utilize carbon dioxide (R744) in@)'secondary loop, ca
n and that may contain a pressure vessel within the R744 loop or system shall 4
hg items which are installed as part of the equipment:

a) a pressure-relief valve set to open as indicated in Clause 34.29, and

b) a pressure-regulating relief valve set{o operate at no higher than 90 pe
setting of the pressure relief valve.

Equipment that may contain a pressure vessel within the R744 loop or system
bd with the pressure-relief or, thé pressure-regulating relief valve as part of t

ing to item (b) of Clause(45:13.

Equipment intended to utilize carbon dioxide (R744) in a transcritical system
ed with a pressyre-regulating relief valve.

The pressure-regulating relief valve covered by item (b) of Clause 34.32 shall:

a) Befactory set and sealed to prevent changing the relief setting,

Liltimate strength of pressure vessels that do not have a marked design pressurg.

the high side of the
je of the system.

minal rated rupture
rotected, or one-fifth

scade, or transcritial
e furnished with the

cent of the marked

is not required to be
ne equipment if the

tions provide the information indicated in item (c) of Clause 4.4 and the equipment is marked

s not required to be

h) Be mounted to minimize the likelihood of removal and plngging the ope.

ning (e.g., use of a

threaded fitting other than the NPT type),

c) Comply with the Regulating Relief Valve Endurance Test, Clause 74, and

d) Have a discharge capacity not less than 20 percent of the marked discharge capacity of a

required pressure-relief valve.

34.36 Pressure-regulating relief valves shall comply with the requirements of the ASME Boiler and
Pressure Vessel Code, Section VIII. Valves of 1/2 inch iron pipe size and larger shall bear the authorized
code “UV” symbol together with the set pressure and capacity. Valves of less than 1/2 inch iron pipe size
shall be similarly marked, except that where the size does not permit a nameplate, the code symbol may
be omitted and the set pressure and capacity may be stamped on the valve or on a metal plate attached to
it. Manufacturers of valves that do not bear the code symbol shall provide evidence of certification of the
valve and its pressure and capacity rating by appropriate code authorities.
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Refrigerant Pressure-Limiting Device

34.37

A pressure-limiting device shall be installed on

a) All units that are designed for use in systems containing 10 kg (22 Ibs) or more of refrigerant or
that employ a receiver or condenser-receiver with a capacity to accept 10 kg (22 Ibs) of refrigerant
without the liquid occupying more than 90 per cent of the volume when the refrigerant temperature

is 32.2°C (90°F);

b) All condensing units that are not subjected to operational tests (where the

refrigerant circuit is

operated to obtain pressure — See Table 46.1) with a compressor motor rated at more than 1

horsepower (746 W output).

Except

34.38
units.

34.39

Except
the low
readily
percen

jon: A pressure-limiting device need not be provided if the condensing unit
1) Is intended for air-conditioning use; and

2) Contains a hermetic refrigerant motor-compressor having a steel shell that
internal bleeder valve that relieves discharge pressure into the low-pressure si
system.

A pressure-limiting device shall be installed on all compressor units and com

The adjustable cutout pressure setting of a pressure-limiting device shall not eX

a) One-third of the ultimate strength of high side refrigerant containing parts p
does not exceed 90 percent of the setting of the pressure relief device; or

b) 110 percent of the design pressure marking on the unit name plate for ur
subjected to operational tests (Where the refrigerant circuit is operated to obt
Table 46.1) or (2) water cooled.

jon: On liquid chillers.employing centrifugal motor compressors, if the pressure 1

side of the system*the maximum cutout pressure to which a pressure-limit
adjusted by the adjusting means provided may be more than 90 percent but
{ of the following, whichever is lowest:

a) Exceptifor ASME Code U-symbol pressure vessels, see ltem (b), one-th
corresponding to the ultimate strength of high-side refrigerant-containing parts;

b)The marked design pressure of high-side pressure vessels.

is provided with an
e of the refrigerant

pressor-evaporator

ceed
rovided this setting

its that are (1) not
Rin pressure — See

elief device is set in
ing device may be
not more than 100

ird of the pressure
and

34.40 There shall be no stop valves between the pressure-limiting device and the compressor.

34.41
endura

A contactor provided to comply with Clause 34.32 or Clause 34.33, shall be rated for 100,000

nce cycles.

35 Condensing and compressor units employing flammable refrigerants.

35.1

Condensing units and compressor units intended to be used in a refrigeration system and

employing a flammable refrigerant shall comply with Supplement SA of the Standard for Household
Refrigerators and Freezers, UL 250, or Supplement SB of the Standard for Commercial Refrigerators and

Freeze

rs, UL 471, depending on the application of the product.
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36 H

eat pump water heating and heat recovery equipment

General

36.1

The following additional requirements apply specifically to heat pump water heating and heat
recovery equipment. Such equipment shall also comply with all of the applicable requirements of this
Standard.

Heat Exchanger

36.2 Heat exchangers intended for connection to a potable water system shall be of double wall

L 490/

constr
vented

36.3
to a pq

36.4
pressy
the ve

36.5
pressy
side, \

36.6
rated

'H <l | ol pu | HIE | V. AY o | P | + laall
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interface or redundant construction to prevent the leakage of refrigerant inte,po

Heat exchangers may be of single wall construction provided they are not inte
table water system, and shall be marked in accordance with Clause'45:12(b).

re, with the venting path continuous over the entire length.of-the heat exchang
hting path is determined by use of water at a pressure not‘igher than 62 kPa (1
In accordance with Clause 36.2, heat exchangers ‘shall have sufficient stre

ith the water side maintained at atmospheric pressure.

Heat exchangers shall have sufficient strength to withstand not less than 1-1/2
jesign pressure for the refrigerant side, in accordance with a vented interface

Claus¢ 79.15.

36.7
suffici
rated

36.8
than 2

Te

Heat exchangers employing;:a redundant double wall construction per Clau
nt strength for each separate wall to withstand a pressure of not less than three|
frigerant design pressurée with the outer side maintained at atmospheric pressu

The water side.of.a heat exchanger shall have sufficient strength to withstand a
1 MPa (300 psig). See Clause 79.15.

Storage Tank

36.9

Stordge tanks shall meet the requirements of CSA C22.2 No. 110 and UL 174.

ncorporate either a
table water.

hded for connection

In accordance with Clause 36.2, a vented interface shall\be maintained gt near atmospheric

er. The continuity of
) psig).

ngth to withstand a

re of not less than three times the maximum rated refrigerant design pressure for the refrigerant

times the maximum
(Clause 36.2). See

se 36.2 shall have
times the maximum
re.

pressure of not less

Water

Temperature Control

36.10 A heat pump water heater, desuperheater or heat recovery unit shall be equipped with a water-
temperature-regulating control, so that the water in the tank, if supplied by the manufacturer as part of the
water heating system, or at the outlet, will not attain a temperature of more than 85°C (185°F).

36.11 In addition to the temperature-regulating control required by Clause 36.10, a water-temperature-
limiting control shall be provided to interrupt the electrical supply to the water heating system to prevent
the temperature in the tank or at the outlet from exceeding 99°C (210°F), when the equipment is tested
under the applicable conditions of Clause 79. This control shall not function under normal conditions as
specified in Clauses 79.5 and 79.6.
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36.12 Controls limiting water temperature for the heat pump water heater or heat recovery unit shall be
temperature- or pressure-actuated and located electrically as specified in Clauses 36.15 and 36.16.

Exception: If the unit complies with the water temperature test as noted in Clause 79.8 when all operating,
regulating and limiting controls are bypassed, and the compressor motor is provided with a direct line
break overload protector, the construction need not comply with the above.

36.13 Controls shall comply with the applicable requirements for their intended function(s), shall have an
endurance rating of not less than 30,000 cycles, and shall comply with CSA C22.2 No. 24 and UL 873 or
with UL 60730-1 and UL 60730-2-9 or with CSA E60730-1 and CSA E60730-2-9.

) be installed in an
np water heater or

desupagrheater, or heat recovery unit.

36.15 | The temperature-limiting control shall have no operating part in_common with the temperature-
regulating control mentioned in Clause 36.10.

36.16 [ If the temperature-limiting control is in the control circuit of\a’magnetic contagtor or relay, such a
contactor or relay shall be so wired that it is not actuated by a temperature-regulating control.

36.17 | Heat recovery units shall be marked to identify the locations of the water and refrigerant inlet and
outlet gonnections.

36.18 [ The name and rating plate of a unit that is intended for use with a fielg-installed auxiliary
equipment referred to in Clause 16.11 shall include provisions for marking the current pf the field-installed
auxiliafy equipment.

37 Power supplies

37.1 Power supplies, charge controllers, inverters, converters or other components |intended to have a
direct PV input or be part of the PV system shall additionally comply with the applicable portions of the
Standdrd for Inverters, Cenverters, Controllers and Interconnection System Equipment for Use With
Distriblited Energy Resources, UL 1741 and CSA C22.2 No. 107.1.

38 Componentsand subsystems of solar photovoltaic systems

38.1 Electrical components of PV systems shall comply with the relevant reqdirements for such
compohents‘described in this standard. In addition, PV components and subsystems shall comply with the

requirements-betow-

38.2 PV modules and cells on heating and cooling equipment or on a frame or other support they have in
common shall comply with the Standard for Flat-Plate Photovoltaic Modules and Panels, UL 1703 and
CSA C22.2 No. 61730-1 and CSA C22.2 No. 61730-2 or ULC ORD C1703.

38.3 For units that are provided with crystalline and multicrystalline silicon PV module(s) or cells, the dc
voltage correction factor of 1.20 shall be applied to determine maximum PV system voltage.

38.4 Specific open-circuit voltage temperature coefficients for the supplied PV modules or cells may be
substituted in place of the 1.20 factor.

38.5 For units with a PV input circuit intended for connection to PV module(s) that are not provided with
the unit, the input circuitry and components shall be rated for the maximum input voltage rating of the unit.
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38.6 A switch, circuit breaker, or other device shall not be installed in a grounded conductor of a PV
system if operation of that device leaves the marked, grounded conductor in an ungrounded and
energized state.

38.7 A switch, circuit breaker, or other device, that is part of a ground-fault detection system may be
installed in the grounded conductor.

39 Photovoltaic system grounding

39.1 Modules that individually or collectively supply a PV system voltage over 50 volts shall have one
conductor solidly grounded at any single point on the PV source output circuit.

39.2 [PV systems need not have a grounded conductor if the inverter or charge contlloller is rated for use
with an ungrounded PV array in accordance with UL 1741 and CSA C22.2 No. 107%.1.

40 Photovoltaic system ground fault protection

40.1 |Inverters, converters or charge controllers with direct phetoyoltaic dc inputs from an integral
modulg(s) shall be provided with ground-fault protection in accordance with the Stgndard for Inverters,
Converters, Controllers and Interconnection System Equipment for Use with [Distributed Energy
Resources, UL 1741 and CSA C22.2 No. 107.1.

40.2 |A utility-interactive inverter supplied by a grounded module(s) shall be marked in accordance with
Claus¢ 45.20.

40.3 |Batteries charged by the PV system\supplied by a grounded module(s) ghall be marked in
accordance with Clause 45.20.

41 Photovoltaic system overcurrent’protection

41.1 [The PV system shall be(provided with overcurrent protection, sized per the PV module over current
protection rating, suitable for branch circuit protection, for conductors, inverters,|charge controllers,
convefters and the conneeted heating and cooling equipment.

41.2 |Overcurrent protection is not required for circuit conductors of module(s) integral to the heating and
cooling equipment-where there are no external sources such as parallel-connected source circuits,
batteries, or backfeed from inverters.

41.3 |TFhedvercurrent protective device size shall not exceed following:

a) The ampacity of PV source conductors;
b) The PV module over current protection rating; and

c) The maximum overcurrent protective device ratings specified for any charge controllers,
converters, inverter harness/cabling systems or inverter.

41.4 The circuit supplying power from the modules or cells shall be considered a branch circuit with
respect to control circuits requirements of Clause 32.

41.5 Energy storage device output circuits shall be provided with overcurrent protection rated for the
output conductors and load equipment to which it provides energy, including but not limited to inverters,
charge controllers, converters and the connected heating and cooling equipment.
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42 Photovoltaic system disconnection means

42.1 A means shall be provided to disconnect all current-carrying conductors of a PV system and any
additional source (e.g., batteries) from all other conductors within the heating and cooling equipment. The
disconnecting means shall be readily accessible and provided with the marking in Clause 45.17. If two or
more disconnecting means are provided (e.g. for the PV system and the branch circuit), they shall be
grouped and marked.

42.2 Equipment intended to receive input power from a utility interactive inverter shall be provided with a:

a) Dedicated and marked field wiring termination means of connection t
equipment such as a switchboard or panelboard. This means shall include

hrough distribution
the branch circuit

42.3

functio
discon
circuitr
equipn
require

42 .4
discon
interac

42.5
specify
discon
the par

42.6

overcurrent protective device as required by Clause 42.1,
b) Means to disconnect and isolate the inverter from all other circuitry within'the

c) Secondary, independent means of controlling the battery charging’/process w
present or when the primary charger controller fails or is disabled:

Equipment that includes an internal utility interactive inverter-or performs utility
ns to export power by back-feeding the branch circuit input_power shall be proviq
hect and isolate the utility interactive inverter circuit{from the heating and
. Connection to the heating and cooling equipment load through dedicated and
ent such as a switchboard or panelboard and that include branch circuit over ¢
d by ratings of the inverter fulfills this requirement.

When a panelboard is provided as part of the equipment it may be installed in p
nect if the panelboard includes separate branch circuit overcurrent prote
ive inverter and for the equipment.:

that it is to be provided‘inthe end installation, provides details that fulfill th
nection and the heating and cooling equipment and /or a common frame or sup
elboard.

A panelboard, shall:

a) Comply with the Standard for Panelboards, UL 67 and CSA C22.2 No. 2
integralMo or as a listed accessory for the HVAC system, shall meet the constr
for:enclosures, spacings and field wiring provisions of this standard;

lequipment and,

hen the utility is not

interactive inverter
ed with a means to
cooling equipment
marked distribution
urrent protection as

ace of the required
ttion for the utility

The separate panel board need not be supplied with the equipment if the installation instructions

e requirements for
bort accommodates

O or, if factory-built
iction requirements

b) Not be rated Iess than the sum of the ampere rating of all overcurrent devices supplying it;

c) Have the load connection positioned at the opposite end from the supply circuit conductor entry

location;

d) Have its bus or conductor rating sized for the load connected or shall be marked in accordance

with Clause 45.22; and

e) Be installed on the heating and cooling equipment, on a common frame
panelboard and heating and cooling equipment, or integral with or within the
equipment.

or support for the
heating or cooling
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UNIT MARKINGS

43 General

43.1
confor

All markings required for compliance with this Standard may need to be in
m with local language requirements where the product is to be sold.

other languages to

Note: In Canada there are two official languages, English and French. Annex A lists some examples of French translations.

44 Equipment markings

44.1 ThU IIIGI:\;IIHO ;II C:GUDU 44 Illay OUIT IO;Ot Uf VTG UT TTTUTGO :abo:o :uuatcd ;II (<}
visible|after installation, without the use of tools. The markings shall not be affixed 10 a
removed without the use of tools except that,
a) A marking may be located on a panel that would be removed for installation
that the panel must be in place for the intended operation of the equipment;
b) If the nameplate is located on a removable cover, a second\nameplate with
model designation, and a note to see marking on the cover shall be secured
unit;
¢) The markings on a unit intended for built-in installation may be located behin
grille that requires tools for removal to gain accéss to the field wiring compartmé
44.2 |The material for the labels shall be of metal or of a type suitable for outdog
applicable.
44.3 [The equipment shall be plainly marked, in a permanent manner, with the followi

a) The manufacturer's or-private labeler's name, trademark, tradename,
symbol;

b) The catalogue number, style, model, or other type designation;
c) Voltage;
d) Number of phases, unless for single-phase operation;

e) Freguency in hertz;

lace where readily
ny panel that can be

Or service, providing

the electrical rating,
on the inside of the

d a louvred panel or
ent.

r or indoor use, as

hg:

or other identifying

f)The horsepower (see Clause 44.17) and full load amperes of each motor, ex

cept for hermetically

sealed compressor motors, which shall be rated in locked rotor and rated load amperes (see
Clause 44.10), and motors smaller than 1/8 horsepower, which may be rated in watts or amperes;

Exception No. 1: Moftors controlled by an adjustable speed drive shall be marked with either the
motor’'s MOC or the rated input current to the power conversion equipment. When there is bypass
utilized, it shall be the larger of the motor’s MOC, the rated input current to the power conversion
equipment or the full load amperes of the motor.

Exception No. 2: Motor-compressors controlled by an adjustable speed drive shall be marked with
either the compressors MRC or the rated input current to the power conversion equipment. If an
MRC rating is not available for a compressor, the tests of Annex AA of UL 60335-2-34 or CAN/CSA
C22.2 No. 60335-2-34 shall be conducted on the compressor or complete unit.

g) Heater input amperes or watts at marked voltage. See also Clause 44.3(t) for separable heater
element assemblies;
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h) Minimum power supply circuit ampacity for each hazardous voltage circuit which powers more
than one motor or a motor and other loads rated 1.0 A. or more as shown in Figure 44.1 (see
Clause 44.14);

i) For each hazardous voltage circuit which powers more than one motor or a motor and other
loads rated 1.0 A. or more as shown in Figure 44.2 (see Clause 44.15) “MAX. FUSE ”, or
“MAX. CKT. BKR. ”, or “Maximum overcurrent protective device.”

j) The type of refrigerant for operation, and the weight of factory refrigerant charge (self-contained
units only), if the equipment is intended to employ refrigerant. The kind and quantity of refrigerant

employed in the system shall be a type that is classified in ANSI/ASHRAE 34;

condensers) need not be marked with the kind of refrigerant if a tag is provide
design pressure(s) marked on the unit shall not be less than the design press
compressor or condensing unit or as outlined in Clause 6.8 of CSA B52

ANSI/ASHRAE 15 for the refrigerant used in the system. The marking-shall als
charging, the equipment shall be marked with the refrigerant and,thé oil used.
alternate refrigerant may need to be determined if the unit contains any gaskets

k) The design pressures for the high and low pressure sides, if intended to
Intermediate design pressure shall be marked on transcritical systems employ
pressure section;

I) The date or other dating period of manufacture.not exceeding any consecutiv
example, date coding, serial numbers, or equivalent means may be used;

m) The maximum outlet air temperature, for units with electric resistance heaters;

n) The range of external static pressures, or maximum external static pressu
was tested (add-on heat pumps and units with electric resistance heaters only);

0) The minimum spacing to Combustible surfaces for units with electric resistang

or forced air cooled
f indicating that the
ires marked on the
and Clause 8.2 of
0 indicate that after
ompatibility with an

employ refrigerant.
ng an intermediate

B three months. For

e at which the unit

e heaters;

p) The minimum refrigerant design pressure and the type of the remote condenser (air-, water-, or

evaporatively-cooled); if the unit is intended to be used with a remote condenser;

q) The marking ‘OUTDOOR USE” or equivalent, if the equipment is intended to
the applicable requirements for outdoor use;

r) “WARNING: RISK OF ELECTRIC SHOCK. CAN CAUSE INJURY OR DEATH
REMQOTE ELECTRIC POWER SUPPLIES BEFORE SERVICING”, in letters nq
(48 in) high, or the equivalent. For equipment with multiple hazardous voltage

be used and meets

: DISCONNECT All
t less than 3.2 mm
bower supplies, this

marking shall be Tocated on all panels providing access to hazardous voltage uninsulated live

parts;

s) “CAUTION: MOUNT WITH THE LOWEST MOVING PARTS AT LEAST 2
FLOOR OR GRADE LEVEL", or the equivalent, if required under Clause 11.2;

4 m (8 ft) ABOVE

t) The name and rating plate of a unit with a field-installed element assembly referred to in Clause

15.4 shall include the following or the equivalent:

1) List all of the manufacturer's name(s) and model designations of all of the heater

elements that can be installed in the unit;

2) Have provision for:

i) Checking off the model designation of the heater that is installed; and
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ii) Indicating the electrical ratings (volts, phase (if three phase only), and amperes or
watts) of the unit with the heater installed; and

3) lif the actual heater element rating is not included on the equipment nameplate and if the
heater element nameplate is not accessible for viewing after installation of the elements, the
following additional marking shall appear, and should be applied on the exterior of that
section of the unit that houses the field-installed heater elements: “FOR ACTUAL HEATER

ELEMENT RATING SEE ELEMENT MARKING INSIDE”, or the equivalent;

u) A distinctive marking to identify the place of manufacture, if produced at more than one factory;

v) Units with hot water coils shall be marked with the maximum inlet water temperature;

w) Units with hot water or steam coils shall be marked with the maximum press|
coil employing heated water at a temperature exceeding 93°C (200°F) or.a st
to be used;

x) Where required by Clause 76.1, the following marking or equivalent, “CA
DELAY FUSES”; and

y) The short-circuit current rating of the motor contrellers, equipment co
equipment panel, or industrial control panel when employed with multimotor a
equipment.

Exception: Equipment intended for use in one- and two-family dwellings, cord-é
connected equipment, or equipment supplie@from a branch circuit protected 4
required to be marked with a short-circuit carrent rating.

z) As required by Clause 19.35, “CAUTION - RISK OF FIRE AND ELECTRIC

ure at which a water
eam coil is intended

UTION: USE TIME

ntrol panel, overall
nd combination-load

nd-attachment-plug
t 60 A or less is not

SHOCK. REPLACE

ONLY WITH MANUFACTURER'S CORD SET, PART NO. XXX”, or the equivalént.

z1) The name and rating plate*of a unit with a factory specified field-installed 4

[traviolet (UV) lamp

assemblies shall include the following or the equivalent:

1) List all of the manufacturer's name(s) and model designations of all o
radiation lamp.systems that can be installed in the unit;

f the ultraviolet (UV)

2) Have jprovision for checking off the model designation of the Ultraviolet (UV) lamp

assembly that is installed;

3) Have provision for indicating the electrical ratings (volts, and ampe
unit with the ultraviolet UV lamp assembly installed; and

res or watts) of the

- the—actuatitraviotet{(Vtamp—assembly—rating—isnotinctuded on the equipment
nameplate and if the UV lamp assembly nameplate is not accessible for viewing after
installation of the unit, the following additional marking shall appear, and should be applied
on the exterior of that section of the unit that houses the ultraviolet (UV) lamp assembily:
“FOR ACTUAL ULTRAVIOLET (UV) Lamp ASSEMBLY RATING SEE LAMP MARKING

INSIDE”, or the equivalent;

z2) The ratings of the ultraviolet (UV) radiation lamp system lamps, maximum lamp rating in watts
and voltage.

Exception: For individual loads rated at less than 1 A, the electrical ratings need not be marked on the unit.

44.4 For cord-connected units, the total input current in amperes shall be marked on the unit.
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445 A single overall ampere rating, rather than individual ratings for the various loads, may be marked
on the unit nameplate provided that

a) The unit is rated single phase, ac; and

b) The single ampere rating does not exceed 12 A at 208-240 V or 16 A at 120 V, with the
corresponding maximum ratings of the power supply overcurrent protective devices and minimum
power supply circuit ampacities of 15 A and 20 A, respectively.

44.6 Unless it is otherwise obvious, equipment that depends upon a proper location or position for
acceptable operation shall be marked (for example, “TOP” or “BOTTOM”), to indicate the position in which
it shall be installed.

44.7 The high-side, if applicable, and low-side design pressures indicated on the ngmeplate of the unit
shall b¢ as follows:

a) No less than the values shown in Table 85.1 for the type of refrigerant used; gnd

b) No more than the pressures at which the assembled unit or components or|both are tested for
leakage (see Clause 85.1).

44.8 Units with star-delta start motor-compressors shall incldde the locked rotor curfent for the star and
delta cpnnections.

44.9 With reference to Clause 10.5, if the motor-compressor controller and overload protection are not
provided by the chiller manufacturer, the nameplate shall so indicate. The nameplaje shall include the
designation of the chiller manufacturer's specification for these remote components.

44.10 | For a hermetic motor compressor) the branch circuit selection current in amperes shall also be
marked|, if required, in accordance with.Clause 44.11 and provided that it meets the fequirements of the
Canadfan Electrical Code, Part I, €SA Standard C22.1, and Article 440-4(c) of the| National Electrical
Code, ANSI/NFPA No. 70.

44.11 | A branch circuit selegtion current rating in amperes shall be marked on the prdduct nameplate if a
thermal protector or protective system allows a continuous current greater than 156 percent of the rated
load cUrrent:

a) Of the motor compressor as marked on the product nameplate; or

b) Ofithe product when marked with a single overall ampere rating per Clausg¢ 44.5. The marked
valu€ of the rating shall be at least 64 percent of the compressor maximum|continuous current
Tating:

Determination of Rating

4412 The ratings of motors and other loads marked on the equipment shall be used to determine
minimum circuit ampacity (Clause 44.14) and rating of the hazardous voltage supply circuit overcurrent
protective device (Clause 44.15). Remote loads, such as motors and heaters supplied from the unit, shall
also be included in the determination. If the product nameplate is marked with a branch circuit selection
current rating, the branch-circuit selection current is the value in amperes that shall be used instead of the
rated-load current.

4413 The minimum rated currents marked on the equipment shall be as follows:

a) For motor loads, no less than
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Minim

1) 95 per cent of the input measured during the heating and cooling operation tests or the

input measured during the input tests, Clause 47.1; and

2) 64 per cent of the compressor maximum continuous current rating;

b) For electric resistance heaters, the ampere or wattage rating marked on the unit nameplate shall
not differ from that measured during the input test (see Clause 47.2) by more than + 5 percent.

c) 64 per cent of the motor-compressors maximum current rating (MRC).

um Circuit Ampacity

44 14
All cor
condit|

Excep
provid|

The MInmum circuitampacity (MCA) Tequired by Clause 44-3(h) shallbe de
current load conditions shall be considered in the determinations; see Figure 4
on provides the highest value shall be used.

a) For a motor group only, a load consisting of two or more motors{_the rated g

ermined as follows.

4.1. Whichever load

urrent of the largest
2), or the MOC and

motor or branch circuit selection current, if marked (see Clauses)44.11 and 44.
MRC required by item (f) of 44.3, multiplied by 125 per cent, added to the rated
other motors.

b) For a combination load, a load consisting of one or/more motors, electric he
loads, that incorporates one or more compressor motors, the rated current of
branch circuit selection current, if marked (see.Clauses 44.11 and 44.12), or
required by item (f) of 44.3, multiplied by 125 per cent, added to which shall bg
by multiplying the rated current of the electric heaters by 125 per cent, and ad
sum of the ratings of all other loads.

c¢) For a combination load, a load consisting of one or more motors, electric he
loads, not involving a hermetic “refrigerant motor compressor, the sum of|
multiplied by 125 per cent.

fion: The rated current of the heater load may be multiplied by 100 percent, rathe
ed that

1) The rated heaterload at a field wiring terminal is 50 kW or more;

2) Minimum_eircuit ampacity or the minimum conductor size that may be field
terminalds-still to be marked; and

3) . The heater element circuits connected to the field wiring terminals are subdi
Clatise 30.8 and are arranged to be controlled by one or more temperature

Teauce the fiketihooa of COMmimuous SImultarieous operatiorn of att of the efermen

currents of all of the

aters, and any other
the largest motor or

the MOC and MRC

b the value obtained
ding to that total the

aters, and any other

the rated currents

br than 125 per cent,

-connected to such

vided as specified in
actuated devices to
circuits.
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Figure 44.1
Minimum circuit ampacity calculation

On equipment with multiple modes of operation, every mode shall be considered for each individual field
wired hazardous voltage circuit. Whichever load condition provides the highest value shall be used for
Clause 44.14, in the applicable circuit.

(Clause 44.14(a))

MCA = (1.25 x LOAD1) + LOAD2

(Clause 44.14(b))

MCA £ (1.25 x LOAD1) + (1.25*x LOAD3) + LOAD2 + LOAD4
(Clause 44.14(c))
MCA £ 1.25 x (LOAD1 + LOAD2 + LOAD4) + (1.25* x LOAD3)

wher¢g

MCA F Minimum circuit ampacity per Clause 44.14. The MCA(may be increased to allpw a higher value.

LOADO1 = Current of largest motor (compressor or other. motor), or branch circuit selection current, if
marked, (see Clauses 44.11 and 44.12) and Exceptions 1 and 2 of item (f) of 44.3,

LOAD2 = Sum of currents of all motors (compressor or other motor), not including largest motor (See
Exceptions 1 and 2 of item (f) of 44.3.)

LOAD3 = Current of electric resistance.heater

LOADO4 = Any other load rated 1.0-Aor more

*If exgeption in Clause 44.14. applies, use 1.0 instead of 1.25.

Rating| of Overcurrent Protective Devices

4415 | The maximum current rating of overcurrent protection for each hazardous| voltage circuit, as
required by Clause 44.3(i), for units having more than one motor, or one or more motgrs and other loads,
operattd from a single supply source, shall be determined as follows. All concurrent ITad conditions shall

be congidered in the determinations.

The rated current of the largest motor, compressor or other motor or branch circuit selection current, if
marked (see Clauses 44.11 and 44.12) shall be multiplied by 2.25. To that shall be added the rated current
of any other concurrent loads involved in the circuit. Whichever load condition provides the highest value
shall be used for Clause 44.3(i). See Figure 44.2.
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Figure 44.2
Maximum rating of overcurrent protective device calculation

On equipment with multiple modes of operation, every mode shall be considered for each individual
field-wired hazardous voltage circuit. Whichever load condition provides the highest value shall be used
for Clause 44.15, in the applicable circuit.

MOP = (2.25 x LOAD1) + LOAD2 + LOAD3 + LOAD4

where

LOAD1 = Current of largest motor (compressor or other motor), or branch circuit selection current, if
markged, (see Clauses 44.11 and 44.12) and Exceptions 1 and 2 of item (f) of 44.3,

LOAD2 = Sum of currents of all motors (compressor or other motor), not including largest motor (See
Exceptions 1 and 2 of item (f) of 44.3.)

LOADS3 = current of electric resistance heater

LOAD4 = any other load rated 1.0 A or more

MOP|= maximum rating of overcurrent protective device
4416 | If the value of the rating determined by applying Clause 44.15 does not equdl a standard current

rating |of overcurrent protective device, the marked maximum rating shall be the mext lower standard
rating.

Exception No. 1: The marked maximum rating of the overcurrent protective device shall be the standard
rating hext higher than the computed value, if the next lower standard rating is less than 125 percent of the
current rating of an electric heater loadywhen such a heater is involved.

Exception No. 2: If the computed value of the overcurrent protective device is les$ than the minimum
ampagity of the supply cireuit, as determined in accordance with Clause 44.14, the fnarked rating of the
devicq shall be increased \to the largest standard overcurrent protective device rating appropriate for the
marked minimum circait-ampacity.

Exception No. 3:-If the marked minimum circuit ampacity does not correspond to a|standard protective
devicqg rating,\the next higher standard rating of the protective device may be markeq, if this rating does
not expeed 800 A.

44.17 The horsepower rating for motors other than hermetically sealed compressors is not required on
the unit nameplate, provided the nameplate is marked with a minimum disconnect size rating. The current
rating in amperes of the disconnect size shall be at least 115% of the sum of the following unit nameplate
marked loads (see Clause 44.13):

a) motor-compressor rated load current or branch-circuit selection current, whichever is greater;
and

b) the rated current for other controlled loads.

4418 A marking on, or in addition to, the nameplate shall be provided on a cord-connected unit as
follows: if a unit with a power supply cord has a marked ampere rating which exceeds 50 percent of the
rating of the branch circuit to which it may be connected in accordance with ANSI/NFPA 70, it shall have a
permanent marking in letters not less than 4.8 mm (3/16 inch) high located adjacent to the cord entrance
on the exterior of the room side enclosure. This marking shall read: “Use on Single Outlet Circuit Only.”
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44.19 Notwithstanding Clause 44.18, the marking on a unit with a 15 ampere attachment plug may read:
“Use on Single Outlet Circuit or 20 Ampere circuit,” if the marked rating of the unit does not exceed 10
amperes.

Short-Circuit Current Rating of Motor Controllers, Overall Equipment Panel, Equipment Control
Panel or Industrial Control Panels

44.20 The short-circuit current rating of Item (y) of Clause 44.3 shall include the following marking or the
equivalent as specified for the motor controllers, equipment control panel, overall equipment panel or
industrial control panel: “Short-circuit current: kA rms symmetrical, __V maximum”.

Short-Circuit Rating-of-the-Overall Equipment-Panel, Equipment Control Panel-or Industrial Control

Panel

44.21 | The short-circuit current rating of the equipment control panel, ,overall eguipment panel or
industrfal control panel shall be determined based upon:

a) establishing the short-circuit current ratings of individual power circuit comppnents as specified
in Clauses 44.22 to 44.24, and

b) determining the overall panel short-circuit current rating as specified in Clauses 44.25 and
44.26.

Short-Circuit Current Rating of Individual Power Circuit Components

44 .22 | All power circuit components, including.'disconnect switches, branch circuit |protective devices,
branch| circuit fuseholders, load controllers, motor overload relays, terminal blocks, and bus bars, shall
have a|short-circuit current rating expressedin amperes or kiloamperes and voltage.

Excepfijon No. 1: Power transformers, reactors, current transformers, dry-type capacitors, resistors,
varistots, and voltmeters are not required to have a short-circuit current rating.

Exceptijon No. 2: The "S" econtactor of a wye-delta motor controller is not required to |have a short-circuit
currenf rating.

Exceptjon No. 3: Anelectrically commutated motor and its controls that are dedicatedl to the control of a
single fmotor whére-the primary function of the control is to provide commutation and §he control does not
make qr break\motor circuit current is not required to have a short-circuit current rating.

44 .23 | The short-circuit current rating of a component shall be established by ompe of the following
methods:

a) the short-circuit current rating marked on the component, or

b) the short-circuit current rating for a load controller, motor overload relay, or combination motor
controller that has been investigated in accordance with the performance requirements, including
short-circuit test requirements, as specified in CSA C22.2 No. 14 or UL 508, or

c) The short circuit current rating determined by the voltage rating of the component and the
assumed short circuit current from Table 44.1.
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Assumed maximum short circui;rzglr?'e‘l:t.:ating for unmarked components
Component Short circuit current rating, kA
Bus bars 10
Circuit breaker (including GFCI type) 5
Current meters a
Current shunt 10
Fuseholder 10
Industrial control equipment:
a. Auxiliary devices (overload relay) 5
b| Switches (other than mercury tube type) 5
c| Mercury tube switches
Rated over 60 amperes or over 250 volts 5
Rated 250 volts or less, 60 amperes or less, and over 2 kVA 3.5
Rated 250 volts or less and 2 kVA or less 1
Motor fontrollers, rated in horsepower (kW)
al0-50(0-37.3) 5°
b[51-200 (38 — 149) 10°
c]201 -400 (150 — 298) 18°¢
d| 401 —600 (299 — 447) 30°
e| 601 —900 (448 — 671) 42°
f.]901 — 1500 (672 — 1193) 85°
Meter socket base 10
Miniatlire or miscellaneous fuse 10°
Receptacle (GFCI type) 2
Receptacle (other than GFCI type) 10
Suppl¢mentary protector 0.2
Switch unit 5
Terminal block or power distfibution block 10
@ A short circuit current rating is not required when connected via a current transformer or current shunt. A glirectly connected
currenf meter shall have'a'marked short circuit current rating.
® The (ise of a minfattre fuse is limited to 125-volt circuits.
¢ Stanglard fault current rating for motor controller rated within specified horsepower range.
9 Shor{ circuit current rating values are taken from UL 508 and are shown here as a reference. For most upfto-date information,
see Ul} 508!

44.24 A short-circuit current rating for a motor controller, an overload relay, or a combination motor
controller, as specified in items (a) or (b) of Clause 44.23, shall only be used as the short-circuit current
rating of the component when the specified branch circuit protective device is provided.

Exception No. 1: When the specified branch circuit protection related to short circuit current rating is a
Class CC, G, J, L, RK1, RK5, or T fuse, a fuse of a different class can be used at the same fault rating
where the peak let-through current and I’t of the new fuse is not greater than that of the specified fuse.

Exception No. 2: When the specified branch circuit protection related to the short-circuit current rating is a
circuit breaker marked “current limiting,” a different current-limiting circuit breaker may be used at the
same fault rating where the peak let-through current and I?t of the new current-limiting circuit breaker is not
greater than that of the specified circuit breaker.
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Determination of the Overall Short-Circuit Current Rating of a Equipment Control Panel, Overall
Equipment Panel or Industrial Control Panel

44.25 For each circuit within the equipment control panel, overall equipment panel or industrial control
panel, the smallest short-circuit current rating of all power circuit components on the load side of an
overcurrent protective device and any control circuit overcurrent protection shall be determined and
compared with the short-circuit current rating of the branch circuit protective device. The smaller of the two
ratings shall be assigned to the line side of the overcurrent protective device.

44.26 The overall short-circuit current rating of the equipment control panel, overall equipment panel or
industrial control panel shall be one of the following:

on within the panel,
the control circuit

a) For a control panel fed by a single branch circuit without overcurrent protecti
the lowest short circuit current rating for any power circuit component’and
overcurrent protection;

Short-

Equipment Panel

b) For an control panel consisting of a single branch circuit including-overcurren
and power circuit components within the equipment control panel, overall €
industrial control panel, the short-circuit current rating shall bein,accordance wif

c) For a control panel fed by multiple branch circuits) *power circuit com
equipment control panel, overall equipment panel or industrial control panel, su
switches, bus bars, terminal blocks, the short-circuit\current rating shall be the
current rating of any branch circuit.

Circuit Current Rating of an Industrial Control Panel, Equipment Contro

t protective devices
quipment panel or
h Clause 44.25; or

bonents within the

th as disconnecting
lowest short-circuit

Panel, or Overall

44.27 | The short-circuit current rating of.an industrial control panel, equipment confrol panel or overall
equipment panel shall be as determined by CSA C22.2 No. 14 and UL 508A.

45 Other markings

45.1 The markings in Clause 45 may appear on label(s) or on wiring diagram(s). Material may be paper
or the gquivalent.

45.2 A unit requiring field-provided motor overload protection, under the provisions of Clause 23.6, shall

have nparkings readily visible stating this fact, and indicating that the motor overload

shall b
having

b rated-or selected in compliance with the applicable installation code, as specit
jurisdiction.

protective devices
ied by the authority

45.3 A replacement marking shall be provided for a replaceable fuse or overload protective heater
element provided as a part of a product or remote control assembly. It shall be visible when the cover or

door of

the compartment is opened. This marking shall specify
a) The rating of the fuse in amperes and voltage, and the fuse class, if marked;

b) For supplementary type fuses (see Clause 32.7) the fuse manufacturer's
name and catalogue number; and

or private labeller's

¢) The manufacturer and model designation of the overload protective heater element.

45.4 All connection points where field connections are to be made shall be clearly marked, unless these
are apparent.
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455 Connection points intended for Class 2 connections shall be marked “CLASS 2” or the equivalent.

45.6

If the unit includes a motor that is installed remote from its controller, the rating

of the remote motor,

the size of the conductors supplying it, and reference to the location of the disconnect device for the
remote motor shall be shown.

45.7

If provisions are made for the connection of an external load such as a cooling

tower or evaporator

motor, the maximum load to be connected shall be shown. If provisions are made for the connection of an
external hazardous voltage switching device such as a thermostat or control switch, the minimum required
rating for the switching device shall be shown.

45.8
show {
shall b

459
supply

45.10
WIRE

If the ¢
45.11
excee

marke

The m
equiva

45.12

e shown when a thermal overload relay is part of the controller.

If a unit is intended to be connected to an extra-low-voltage soutce; the mi
transformer shall be shown if a transformer rated 5 VA or more is\required.

Units shall be marked, in the vicinity where field wiring\terminates, “USE
5” or the equivalent.

If the temperature in the terminal box or the~compartment intended for the
Is 75°C (167°F) during the operational tests;“a value suitable for the temperatur
d.

arking shall state, “USE CONDUCTORS SUITABLE FOR AT LEAST

roduct is intended for field connection with alumindm wires, the marking shall ag

°(

nbly, a marking shall
element to be used

himum rating of the

COPPER SUPPLY

ditionally so state.

supply connections
e measured shall be

b ( °F)” or the

lent.

The following applies to-heat pump water heating equipment only:

the following, orthe equivalent: “CAUTION: DOUBLE WALL HEAT EXCHANG
POTABLE WATER CONNECTION”.
b) Equipment having a heat exchanger complying with Clause 36.3 shall

FOR'POTABLE WATER CONNECTION".

a) Equipment having.a heat exchanger complying with Clause 36.2 and 36.4 s

following, or the equivalent: “CAUTION: SINGLE WALL HEAT EXCHANGH

hall be marked with
FR, SUITABLE FOR

be marked with the
R, NOT SUITABLE

45.13 Equipment intended to utilize carbon dioxide (R744) in a secondary loop, cascade, or transcritial
system shall be marked to indicate:

a) That the equipment is for use with R744 (carbon dioxide) system components where the design
pressure of the equipment is not higher than the design pressure of the associated components.

b) If the equipment contains a pressure vessel within the R744 loop or system, but pressure-relief

and pressure-regulating relief valves are not provided as part of the equipm

ent as permitted by

Clause 34.33, a marking shall be located where visible to the installer indicating that pressure-relief
or pressure-regulating relief valves are not installed on the equipment and that a sufficient number

of valves having capacity deemed adequate shall be field-installed on the syste

m.

45.14 The marking covered by Clause 45.13 shall refer to the installation instructions provided by the
equipment manufacturer.
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45.15 Pressure-regulating relief valves shall be provided with the following or equivalent marking: “Do
not defeat, cap, add piping to the outlet of the valve or attempt to change the relief setting.”

45.16 Motors intended for use with remotely located solid-state speed controls and that comply with the
requirements specified in Clause 59 must be marked with the following statement, “SUITABLE FOR USE
WITH ANY SOLID-STATE SPEED CONTROLS” or equivalent wording.

Exception: If a speed control is specified by the manufacture, the marking is not required.

45.17 Heating and cooling equipment with a solar PV system shall be provided with a marking to identify
each solar PV system and inverter disconnecting means. The marking shall be located adjacent to or near

the dis r\nnnr\fing means

45.18 marked to indicate

that it I

Heating and cooling equipment with a stand-alone solar PV system shall be
as a stand-alone system.

4519 marked to indicate

that it

Heating and cooling equipment with an interactive solar PV system shall be
as a utility-interactive system.

45.20 | Heating and cooling equipment with a PV interactive system shall be permansg
utility-ipteractive inverter or near the ground-fault indicator (see Clause 41) with the foll
wording:

ently marked on the
pwing or equivalent

“Warni
Ungrol

ng — Electrical Shock Hazard if a Ground FaultiisIndicated. Normally Grounded
nded and Energized.”

Conductors May Be

45.21
markin

“Warni

Where all terminals of a disconnecting means may be energized in the open pd
j shall be provided adjacent to the disconnecting means and state the following

ng — Electric shock hazard. Benot touch terminals. Terminals on both the line

sition, a permanent
Or equivalent:

bnd load sides may

be enefgized in the open positign.®

45.22
equiva

Inverter output connection of the distribution equipment shall be marked w
ent wording:

th the following or

“Warning — InverterOutput Connection. Do Not Relocate This Overcurrent Device”

be labeled with the
and device where

45.23 [ An ungrounded photovoltaic power source accessible to service persons shall
following, or” equivalent wording at each junction box, combiner box, disconnect
energiZed, ungrounded CIrcuits Tay be eXposed during Service per Clause 39-2-

“Warning — Electric Shock Hazard. The DC Conductors of this Photovoltaic System are Ungrounded and
May Be Energized.”

Ultraviolet radiation markings

45.24 All removable Ultraviolet (UV) radiation doors or barriers shall be marked with the following or
equivalent. The marking shall be on, or adjacent to the door or barrier.

If interlocks are required by Clause 8.5 or 8.6 the doors or openings incorporating an interlock to reduce
the risk of UV exposure shall be marked with the words “WARNING UV LIGHT SOURCE” and the
following or equivalent: “This cover is provided with an Interlock to reduce the risk of ultraviolet radiation
exposure”
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If interlocks are not required by Clause 8.6 the doors or openings shall be marked with the words
“WARNING UV LIGHT SOURCE” and the following or equivalent: “Disconnect power before servicing”.

Removable barriers shall be marked with the words “Caution” and the following or equivalent: “UV LIGHT
SOURCE - KEEP PROTECTIVE BARRIER IN PLACE”

TESTS

46 General test parameters

46.1 The tests specmed in Table 46 1 and Table 46 2, denoted by yes |n the tabulatlons apply to the
type of-ur - ote— < - - Atatrred-ec - r matched systems,
that involve compressors Table 46.2 applies to aII other equment such as central heating furnaces,
where|compressors are not involved. Only those tests that apply to the intended appli¢ation of the unit are
required.

46.2 |For the tests specified in Table 46.1, except as otherwise indicated, the [inlet air and water
tempefatures maintained during the respective tests shall be as shown in Table 46.4. If ambient
tempefatures are not specified, the device may be tested at any ambient.

46.3 |For the tests specified in Table 46.2, the air inlet tempefature maintained during|the respective tests
shall be 26.7°C (80°F), £1.1°C (£2°F) dry bulb. The wet bdlbtemperature is not specified.

If the Inlet air temperature is maintained at other than“26.7°C (80°F), £1.1°C (x2°F), |the temperatures in
Table #6.5 shall be adjusted accordingly. The temperatures shall not be within 5 pergent of the adjusted
maxinfum temperatures.

46.4 |Temperatures shall be determined: either by thermocouples or the rise of resistance method. A
temperature shall be considered to be constant when three successive readings taken at 10 min intervals
indicale that stabilized temperatures have been established (no more than a 1 pgrcent net increase
between the last two readings)-If.the temperatures measured are within 5 percent of the values specified
in Table 46.5, the test shall “be continued until two successive 10 min readings indicate constant
temperatures.

46.5 |Components, shall not be overheated, there shall be no risk of electrical [shock hazard, and
refrigefrant shall netbe released when the unit is tested in accordance with Clause 46.1. See Table 46.5.
The temperatures in Table 46.5 are based on a unit ambient of 26.7°C (80°F).

Table 46.1
Operation tests (units with compressors)
Air
Air conditioner
conditioner with hot Heat pump
Air with electric water or b with electric Condensing Liquid
Type of test conditioner? heaters® steam Heat pump heater® unit? chiller
Input (47.1) yes yes yes yes yes yes yes
Input (47.2) - yes - - yes - -
Temperature - - - - - yes -
operation (48)

Table 46.1 Continued on Next Page
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Table 46.1 Continued

Air
Air conditioner
conditioner with hot Heat pump
Air with electric water or b with electric Condensing Liquid
Type of test conditioner® heaters® steam Heat pump heater® unit® chiller
Temperature - - yes - - - -
operation (49)
Cooling operation yes yes yes yes yes - yes
(50)
Heating operation - - - yes yes - -
(61
Abnornpal - - - yes yes - -
operatipn (52)
Continyity of - - - - yes - -
operatipn (53.2)
Contindity of - yes - - yes = -
operatipn (53.8)
Limit cgntrol - - - - yes = -
cutout (53.11)
Limit cgntrol - yes - < yes - -
cutout (53.16)
Heating operation - yes - - yes - -
(53.17)
Abnornpal - yes - - yes - -
operatipn (54)
Backuq - yes - - yes - -
protection (55)
Fan delay (56) - yes - - yes - -
Control system - ~ - yes yes = -
failure (57)
Fan mdtor failure yes yes yes yes yes - -
(58)
Condenser water yes yes yes yes yes - yes
failure (60)
Dielectric voltage yes yes yes yes yes yES yes
withstaphd (61)
Condensate drain yes yes yes yes yes - -
blockage (62)
Loading (63) yes yes yes yes yes YES yes
Rain (67) yes yes yes yes yes yes yes
Ultraviolet (UV) yes® yes® yes® yes® yes®

leakage (89.2)

@ Unit intended for operation without electric heaters or any other heating means.
b See Clause 79 for test on heat pump water heating equipment.

¢ This includes units having provision for simultaneous operation with other supplementary means for heating (hot water or

steam).
4 Condensing unit is not required to be tested as part of a complete system.

¢ Only required on units with ultraviolet (UV) radiation lamp systems or that are marked in accordance with item (z1) of Clause

44.3.
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Table 46.2
Operation tests? (units without compressors)
Without supplementary
Type of test heat With electric heat With hot water or steam
Input (47.1) Yes - Yes
Input (47.2) - Yes -
Temperature Operation (48) Yes - -
Temperature Operation (49) - - Yes
Continuity of operation (53.8) - Yes -
Limit control cutout (53.16) — Yes -
Heating operation (53.17) - Yes -
Abnormal operation (54) - Yes -
Backup protection (55) - Yes -
Dielecjric voltage withstand Yes Yes Yes
(61)
Condgnsate drain blockage Yes Yes Yes
(62)
Loadir|g (63) Yes Yes Yes
Rain (§7) Yes Yes Yes
Ultraviplet (UV) leakage yesP yes® yes®
(89.2)

noted [n this Table.

@ Thesk tests apply to fan units, fan coil units, room fan heaterunits, central heating furnaces, and similar fixed electric space
heating equipment. Such assemblies, tested as part of mafehed systems (see Table 46.1), need not be ind|vidually tested as

® Onlyrequired on units with ultraviolet (UV) radiationdamp systems or that are marked in accordance with

tem (z1) of 44.3.

Table 46.3
Polymeric material tests
Thermal or accoustical
Type of tests Cabinet Structural parts | Functional parts material

Flammability:2®

Sourcg of Ignition

Interngl Yes Yes Yes Yes
Externgl Yes Yes No Yes
Mold Stress-Relief distortion® Yes Yes Yes® No
Accelerated AgIiNg(638.9) Yes Yes NO No
Ultraviolet Light Exposure(80) Yes® Yes® No No
Water Exposure and Immersion(81) Yes® Yes® No No
Tensile Strength® Yes Yes No No
Flexural Strength® Yes Yes No No
Izod Impact? Yes Yes No No
Tensile Impact? Yes Yes No No
Impact(69) Yes Yes No No
Loading(63) Yes Yes No No

Table 46.3 Continued on Next Page
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Table 46.3 Continued

Thermal or accoustical
Type of tests Cabinet Structural parts | Functional parts material

@ Exception: A material having a flame spread rating of not more than 25 when tested as specified in CAN/ULC-S102, and the
requirements in UL 723.

b See Clause 5.10.1.

¢ See Clause 23.10.

4 See Clauses 68.5, 80 and 81.

¢ On units marked for outdoor use, where exposed to the effects of ultraviolet light, water, or immersion.

Table 46.4
Air and water temperatures °C (°F)**¢
Temperature Temperature and pressure
Input tests test tests
Heating Cooling Heating Heating Cooling
Air to ofitdoor coil' 8.3 (47) DB' 35(95) DB {.2'(45) DB 21.1(70) DB 40 (104)
6.1 (43) WB9 23.9 (75)WB" 6.1 (43) WB 14.7 (58.4)WB | 26.7(80)WB°
Air to indoor coil™ 21.1(70) DB 26.7 (80)-DB 26.7 (80) 26.7 (80D) 26.7 (80) DB
19.4 (67) WB 19.4 (67) WB
Water-g¢ooled condenser
eptering 21.1(70) 29.4 (85) 23.9 (75) 23.9 (7p) 29.4 (85)
lgaving ¢ 35 (95) Rated flow Rated flow 38 (100)
Evaporptively-cooled condenser - 23.9(75) - - 26.7 (80)
Water-¢ooled evaporator
ehtering - 12.2 (54) - - maximum
rated"
ldaving - 6.7 (44) - - 10.0 (50)
Unit without condenser compressor.
refrigerpnt-saturated - 49.0 (120) - - i
drscharge temperaturée - 40.6 (105)¢ - -
re¢frigerant liquid-femperature - 43.3 (110) - - )
ehtering éxpansion device - 35.0 (95)¢ - -
@ The tgst room*ambient is not specified.
b Whenlcondensate is rejected to the condense

¢ All DB temperatures are +1.1°C (+2°F).
9 All WB temperatures are +0.6°C (+1°F).
¢ This temperature is not specified; however, the water flow rate shall be the same as obtained during the input (cooling cycle) test.
fDry bulb.

9 Wet bulb.

P Water temperature entering the evaporator shall be 10.0°C (50°F) plus the maximum temperature drop for which the unit is rated
by the manufacturer.

" The temperature corresponding to the saturated vapour temperature at a pressure of 90% of the maximum adjustable setting of
the pressure-limiting device, but no less than 49°C (120°F).

15.6°C (10°F) below the temperature indicated for the saturated discharge temperature.

k Refrigerant temperature conditions for a liquid chiller without a condenser intended for use with a remote water or evaporatively
cooled condenser.

' The outdoor coil is the coil through which the outdoor air passes.
™ The indoor coil is the coil through which the indoor air passes.
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Table 46.5
Maximum acceptable temperatures
Column 1 Column 2
Materials and components °c °F °Cc °F
A. Motors?®
1. Class A insulation on coil windings of alternating-current motors having a frame
diameter of 178 mm (7 in) or less (not including hermetic motor-compressors)® °
(a) In open motors —
Thermocouple or resistance method 102 215 142 287
(b) In totally enclosed motors —
Thermocouple or resistance method 107 224 142 287
2 |Class A insulation on coil windings of alternating-current motors having a frame
dipmeter of more than 178 mm (7 in) and of direct-current motors (not including
h¢rmetic motor-compressors)® °
(a) In open motors —
Thermocouple method 92 197 142 287
Resistance method 102 215 142 287
(b) In totally enclosed motors —
Thermocouple method 97 2 142 287
Resistance method 107 224 142 287
3.|Class E insulation on coil windings of motors having a frame'diameter of 178 mm
(7]in) or less (not including hermetic motor-compressors)®.?
(a) In open motors —
Thermocouple or resistance.method 112 233 142 287
(b) In totally enclosed motors —
Thermocouple or resistance method 117 242 147 296
4 |Class E insulation on coil windings(of'motors having a frame diameter of more than
198 mm (7 in) (not including hermeticmotor-compressors)®
(a) In open motors —
Thermocouple method 102 215 142 287
Reésistance method 112 142 287
(b) In totally enclosed motors —
Thermocouple method 107 224 142 287
Resistance method 117 242 147 296
5.|Class.B insulation on coil windings of alternating-current motors having a frame
diameter of 178 mm (7 in) or less (not including hermetic motor-compressors)*®
(a) In open motors —
Thermocouple or resistance method 122 251 152 305
(b) In totally enclosed motors —
Thermocouple or resistance method 127 260 157 314
6. Class B insulation on coil windings of alternating-current motors having a frame
diameter of more than 178 mm (7 in) and of direct-current motors (not including
hermetic motor-compressors)® °
(a) In open motors —
Thermocouple method 112 233 142 287
Resistance method 122 251 152 305

Table 46.5 Continued on Next Page
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Table 46.5 Continued

Column 1 Column 2
Materials and components °c °F °Cc °F
(b) In totally enclosed motors —
Thermocouple method 117 242 147 296
Resistance method 127 260 157 314
7. Class F insulation on coil windings of motors having a frame diameter of 178 mm
(7 in) or less (not including hermetic motor-compressors)® °
(a) In open motors —
Thermocouple or resistance method 147 296 177 350
(b) In totally enclosed motors —
Thermocouple or resistance method 152 30p 182 359
8. Class F insulation on coil windings of motors having a frame diameter of more than
17B mm (7 in) (not including hermetic motor-compressors)® °
(a) In open motors —
Thermocouple method 137 278 167 332
Resistance method 147 29p 177 350
(b)In totally enclosed motors
Thermocouple method 142 28)7 172 341
Resistance method 152 30p 182 359
9. Class H insulation on coil windings of motors having a frame'diameter of 178 mm
(7 [n) or less (not including hermetic motor-compressors)2®
(a) In open motors —
Thermocouple or resistanéeymethod 162 32B 192 377
(b) In totally enclosed motors —
Thermocouple ar(resistance method 167 33p 197 386
10| Class H insulation on coil windings of motors having a frame diameter of more
thgn 178 mm (7 in) (not including'hetmetic motor-compressors)? °
(a) In open motors —
Thermocouple method 152 30b 182 359
Resistance method 162 32B 192 377
(b) In totally’enclosed motors —
Thermocouple method 157 314 187 368
Resistance method 167 33p 197 386
11{ Hermetic motor-compressor enclosure® 150 30p 150 302
B. Components?®
1. Capacitors®
Electrolytic type® 67 152 (not specified)
92 197 (not specified)
2. Field wiring 77 170 92 197
3. Relay, solenoid, and other coils with®
(a) Class A insulated windings —
Thermocouple method 92 197 142 287
Resistance method 112 233 142 287
(b) Class B insulated winding —

Table 46.5 Continued on Next Page
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Table 46.5 Continued

Column 1 Column 2
Materials and components el °F °Cc °F
Thermocoouple method 112 233 142 287
Resistance method 132 269 152 305
(c) Class F insulated winding —
Thermocouple method 137 278 167 332
Resistance method 147 297 172 341
(d)Class H insulated winding —
Fher tple-rethod 462 305 182 359
Resistance method 162 323 192 377
(e) Class E insulated winding —
Thermocouple method 102 5 142 287
Resistance method 122 251 152 305
4|Solid contacts 92 197 117 242
5.|Transformer enclosures —
(a) Class 2 transformers 87 188 112 233
(b) Power and ignition transformers 92 197 117 242
6.|Fuse bodies" 92 1497 122 251
C. Insylated Conductors" 9
1.|Flexible cords and wires with rubber, thermoplastic, or peoprene insulation 62 143 87 188
Temperature Rating'
Degrees C Degrees F
60 140 62 143 87 188
75 167 77 170 102 215
90 194 92 197 117 242
105 221 107 224 132 269
D. Elegtrical Insulation — General" 9
1.|Fibre used as electrical.jfisulation on cord bushings 92 197 122 251
2.|Phenolic composition used as insulation or as parts where failure will resultin a 152 305 177 350
gzardous condition
3.|Thermoplastic.material temperatyre rating of material
E. Genjeral®
1.|Surfaces of product, discharge plenum, and duct at points of specified zero 92 197 124 255
clearance to test enclosure
2. Surfaces of test enclosure where clearance more than zero to combustible 92 197 124 255
material is specified

@ The motor diameter shall be measured in the plane of the laminations of the circle circumscribing the stator frame, excluding
lugs, boxes, and the like, used solely for motor cooling, mounting, assembly, or connection.

® If the coil is inaccessible for mounting thermocouples (for example, a coil immersed in sealing compound) or if the coil wrap
includes thermal insulation or more than two layers, 0.8 mm (1/32 in) maximum, of cotton, paper, rayon, or the like, the resistance
method shall be used. For a thermocouple measured temperature of a coil of an alternating-current motor, other than a hermetic
motor compressor, the thermocouple shall be mounted on the integrally applied insulation on the conductor. At a point on the
surface of a coil where the temperature is affected by an external source of heat, the temperature measured by a thermocouple
may be (not including hermetic motor compressors):

(1) 5°C (9°F) for Item A1(a) of this Table;
(2) 10°C (18°F) for Item A3(a) of this Table;

Table 46.5 Continued on Next Page
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Table 46.5 Continued

Column 1

Column 2

Materials and components °C °F °C °F

3)
4)
®)

more th

15°C (27°F) for Iltems A2(a) and B3(a) of this Table;
20°C (36°F) for Items A4(a), B3(b), and B3(c) of this Table; or
30°C (54°F) for Item B3(d) of this Table;

more than the indicated maximum, provided that the temperature rise of the coil, as measured by the resistance method, is not

an that specified in this Table.

¢ For the exposed surface of the motor-compressor enclosure including the surface of a wrap-around crankcase heater (see
Clauses 52.4 and 60.2).

4 For aff
with the

¢ A cap
fThe lin
investig
9See d

" Includ
Table ig

" Cords
Columi

electrolytic capacitor that is physically integral with or attached to a motor, the temperature on insul
capacitor enclosure may be not more than 92°C (197°F) in tests where Column 1 applies.

hcitor may operate at a temperature higher than 92°C (197°F) but not higher than its marked temper

hitations on phenolic composition and on rubber and thermoplastic insulation do not apply-to’compo!
ated and found to be acceptable for higher temperatures than those specified in this.Table.

lauses 54.2 and 54.4.

es both casing and ferrule. However, a temperature not more than 20°C (36°E)\higher than the valug
acceptable on the casing (not ferrule) of a Class G, J, T, or L fuse.

and wires that are marked with or otherwise found to be acceptable at higher temperature ratings m
1 and Column 2 temperatures are within the cord and wire temperatute ratings.

hting material integral

hture rating.
nds that have been

s indicated in this

hy be used if both

Test Voltage
46.6 Unless otherwise specified, products shall(be tested at the appropriate potential indicated in Table
46.6.
Table 46.6
Test voltages
Unit rated voltage Test voltage® P

110 =120 120

200 2 208 208

220 — 240 240

254 - 277 277

440 - 480 480

550 — 600 600

Other Rated
@ Tolerance shall be £2%.

® Input testing shall be conducted at nameplate rated voltage.

Air Flow

46.7 If the conditioned air flow is adjustable, the initial air flow in all heating tests shall be adjusted to
deliver the minimum air quantity (volume per unit time) specified by the manufacturer. For cooling tests,
the air flow shall be adjusted to deliver the maximum air quantity specified by the manufacturer. The static
pressure shall be as indicated in Clause 46.11.

46.8 The air quantity across an air-cooled condenser shall be as specified by the manufacturer if the fan
drive is adjustable. However, if the fan drive is direct-connected, the air quantity may be that which results
when all inherent resistance elements are in place.
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46.9 The condenser air system shall be operated to deliver minimum rated air flow at the maximum rated
static pressure if an air-cooled condenser is intended to be duct-connected.

46.10 If multispeed or multiple condenser fan motors are employed, and if the speed, or the number of
motors operating, can be changed automatically by the use of a temperature or pressure-operated control
device, the electrical input to the motor compressor shall be measured when stabilized conditions are
obtained at the maximum condenser inlet air temperature (not exceeding 40°C (104°F)), which is just
under the temperature at which the fan speed starts to increase or an additional fan motor starts to run.

Static Pressure

46.11 Eor units with hnafing means (ellpplnmnnfgr\][ or inhnrnnf)’ tho static pressur in the duct System
shall Qe initially adjusted to the maximum static pressure specified by the manufacturer, or to the static
pressyre of Table 46.7, whichever is the greater, at the start of the test sequence
For units without heating means, the static pressure in the duct system shall be inifally adjusted to the
minimpm static pressure specified by the manufacturer, or to the staticjpressure of Tgble 46.8, whichever
is the smaller, at the start of the test sequence.
46.12| For units without a duct system (free air discharge) the requirements of Clausés 46.11, 46.14, and
46.15 pre not applicable.
46.13 | If filters are factory-provided with the unit, or specified for field installation, they shall be in place
during|all of the tests.
46.14 | External static pressure shall be measured by a manometer or pressure transducer. One side of
the ingtrument shall be connected to the discharge plenum. For units utilizing an inlet| duct, the other side
of the jinstrument shall be connected to thetinlet duct. For units without an inlet duct, the other side of the
instrurpent shall be open to the surrounding atmosphere.
Table 46.7
Operating canditions?; relation of total static pressure to total heat putput
Total rated heating, kW Minimum total static pressure, mm (in) water column

0-19.99 3.1(0.12)

20 -29.99 3.8(0.15)

30 —44.99 5.1(0.2)

45 and over 6.35 (0.25)

@ For equipment not tested with an air filter, add 2 mm (0.08 in) to the applicable pressure in the Table. For units intended for use
with refrigerant coils that are tested without the coils in place, add 1.27 mm (0.05 in) to the applicable pressure.

Table 46.8
Operating conditions; relation of total static pressure to cooling ratings

Standard cooling rating Minimum total static pressure, mm (in) water column

Btu/h (in thousands) mm of water in of water
0 through 17 1.27 (0.05)
18 through 28 2.54 (0.10)

Table 46.8 Continued on Next Page
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Table 46.8 Continued

Standard cooling rating Minimum total static pressure, mm (in) water column
Btu/h (in thousands) mm of water in of water

29 through 42 3.81 (0.15)

43 through 70 5.08 (0.20)

71 through 105 6.35 (0.25)

106 through 140 7.62 (0.30)

141 through 210 8.89 (0.35)

211 through 280 10.16 (0.40)

281 through 350 11.43 0.45)

46.15
diamet
solders

er of approximately 6.4 mm (0.25 in) shall be centred at a specifieddgcation (s

through the wall of the discharge plenum at this location; the inner surface of this wall

shall b
transdy
of the g

e smooth and free from irregularities. Connection of these, tubes to the man

bove, a static pitot tube or the equivalent may be used

Unit Setup

46.16

75°C (
Clause
be size
factors

46.17
control

46.18
sample
exceed

46.19
require

The unit shall be connected to an electrical@upply source with wire sized as re
167°F) except that, if the product is marked for use with a higher temperature

from the referenced tables shall not be considered.

Adjustable limit controls shall be set at maximum cutout and minimum differen
adjusting means.

s that have cutout temperatures as close as possible to the nominal setting wit
ing £2.8°C (5°F) of the nominal cutout temperature.

For the-cooling operation test and temperature operation test (Clause 48),

For the connections to the manometer or pressure transducer, a metal tube

d to the surface of the discharge plenum. Then a hole, 1.0 mm (0.04/in) in diam

cer shall then to be made by means of a suitable length ofrubber tubing or the

45.11, wire of the temperature rating specified in the marking may be used. Th
d in accordance with Table 2 of CSA\€22.1 and Table 310-16 of ANSI/NFPA No

For units that include electric resistance heating means, the limit controls useq

d. For'heating tests, an inlet duct shall be connected to the return air opening o
that the¢ wnit is intended to be so applied). The duct shall be the same size as the fla

having an internal
¢e Figure 46.1) and
eter, shall be drilled
hdjacent to the hole
bmeter or pressure
equivalent. Instead

quired for wire rated
in accordance with
b supply wires shall
. 70. The correction

ial permitted by the

shall be calibrated
h the tolerances not

an inlet duct is not
the unit (assuming
nges, if flanges are

provided. If flanges are not provided, the duct shall be the same size as the inlet opening.

46.20 The inlet duct shall be provided with an adjustable restricting means by which the air flow can be
reduced. The restriction should be uniform across the duct cross-sectional area, so that the full heating coil
surface will be exposed to the air flow except when the restriction is closed.

46.21

A unit that has provision for the attachment of an outlet duct or plenum shall be fitted as described
below for tests in which an outlet duct is specified. The duct shall be the same size as the flanges, if
flanges are provided. If flanges are not provided, the duct shall be the same size as the outlet opening.

46.22 A unit that does not include electric heating means shall be fitted with an outlet duct sized to fit the
casing flanges, or openings without flanges, or locations marked for flanges, and arranged to discharge
away from the return air inlet.
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46.23 A unit that includes or has provision for field installation of electric heating means shall be fitted
with a metal plenum and an outlet duct in accordance with Figure 46.1.
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Figure 46.1
Warm Air Outlet
- - Outlet End of Duct
Dimensions /
Code mm in Thermocouple Grid * A
C
A 914 (36) B Minimum
B 305 (12) Minimum
C 152 (6)
D 0-152 (0-6) | &—0—0— | — -
E Any distance,
dimension not specified.
D
Duct Enclosure A
Collar for Connection os \ Minimum
Outlet Duct System
Area of Opening in Square Inches = X) 1
f— E—= /’/’
| /‘\
/
/ \

Plenum 4 .
A Static
. Pressure — Maximum
Heating — / / Tap Divergence of
Element Ve Radiation

su870

Notes to Figure 46.1:

1) The enclosure illustrated represents a plan view for a horizontal discharge unit, and a side view (rotated 90°) for an upflow or
downflgw unit. The.outlet duct of an upflow or downflow unit shall extend at a right angle to the discharge aif flow direction, and
shall dischargesaway from the return air inlet.

2) Plenpm.dimension Y is determined as follows:

a) orizontal flow unit: Y shall be no more than sgquare rootof X

b) Upflow unit: Same as for horizontal flow unit, except that height of unit plus Y shall be no more than 2.3 m (7 ft, 6 in) or per
the manufacturer's installation instructions minus specified clearance to combustible material for a unit other than a mobile
home unit, or 2.1 m (7 ft) minus that clearance for a mobile home unit.

3) Downflow unit: Y shall be no more than 305 mm (12 in) plus square root of X for a unit other than a manufactured (mobile)
home unit, or 25.4 mm (1 in) plus square root of X for a manufactured (mobile) home unit. However, in either case, the spacing
may be increased if necessary, to obtain the specified clearance to combustible material from the upper surface of the outlet duct.

4) The thermocouple grid shall consist of nine thermocouples of identical length, wired in parallel to form a grid with a
thermocouple located centrally in each of nine equal duct areas in a plane perpendicular to the axis of air flow.

5) The outlet duct system shall be provided with means for restricting the air flow.

6) Dimensions of this Figure are not to scale.
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46.24 Thermostats intended for control of room temperature, outdoor thermostats, or other temperature
regulating controls whose functioning during the normal operation of the equipment could tend to reduce
the temperatures, shall be shunted out of the circuit, except as allowed in Clause 53.7.

Test Enclosure

46.25 The requirements in Clauses 46.26 to 46.29 apply only to a product that includes, or has provision
for field installation of, electric heating means.

46.26 When zero clearance is specified, insulation 25.4 mm (1 in) thick and having a density no less than
16 kg/m3(1 Ib/ft®) shall be wrapped closely around the plenum, outlet duct, and other heated surfaces.

For units that meet the zero clearance temperature test requirements, clearances, gréater than zero may
be spdcified on the unit nameplate.

46.27| For units for which other than zero clearance is specified, a wood test enclosyre shall be installed
so as o encase the plenum, outlet duct, and heated surfaces of the unitwhich inclydes electric heating
means.

The wpod test enclosure shall consist of 25.4 mm (1 in) nominal _thickness wood boards, or 19.1 mm (3/4
in) plywood, with inside surfaces painted flat black, and-with all joints sealed. It shall be completely
encased, and shall be spaced from the heated surfaces ‘according to the clearande from combustible
surfaces specified by the manufacturer.

46.28 | If the unit is intended to be installed on.afoncombustible floor, the floor of the partial enclosure
shall e of noncombustible material such as stone, brick, or concrete. If the unit is intgnded to be installed
on a cpmbustible floor, the floor of the partialenclosure shall consist of unpainted plywood, 19 mm (3/4 in)
thick.

46.29| Temperatures shall be measured on the metal surfaces, if zero cleafance is specified.
Temperatures shall be measured-on the inside surfaces of the wood enclosure, if a cleprance of more than
zero i specified.

Instrumentation

46.30| Temperatures shall be measured by thermocouples, except that the change df resistance method
may bg used to'measure the temperature of motor windings or of coils. The thermocouples shall consist of
wires not larger than 24 AWG and not smaller than 30 AWG.

46.31 “HAthermoeotpte—junction—shalt-be—securety-heldin—good-thermal-contactwith the surface of the
material whose temperature is being measured. Adequate thermal contact may be obtained by taping,
cementing, brazing, or soldering the couple in place.

46.32 Pressure gauges as applicable shall be attached using minimum lengths of 3.2 mm (1/8 in)
outside diameter tubing.

47 Input test
Circuits — Other than Electric Heaters

471 The electrical input shall be measured when stabilized thermal conditions are obtained. The
electrical input to compressor motors and other electrical loads shall be measured under the following
conditions:
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a) Load conditions — as specified in Table 46.4 or Clause 46.3, as applicable;

b) Voltage — at unit nameplate marked voltage; tolerances as specified in Table 46.6.

Exception: This test may be waived, if

1) The rated load amperes marked on the product nameplate is not less than 5 per cent below the
input amperes as measured during the heating, cooling, and temperature operation tests, Clauses
48 through 51; or

2) The unit is provided with a current-limiting control system.

ElectricHeater Circuits

47.2 The input to the electric heater circuits shall be measured when the product is pperating under the
following conditions:

a) Sample — as specified in Clause 46.16. Any inlet temperaturerbetween 15.5[C (60°F) and 35°C
(95°F) dry bulb is acceptable for this test. (The wet bulb air temperature is not specified.)

b) Voltage — as specified in Table 46.6.
48 Temperature operation test — without any supplementary heating means

48.1 Motor protective devices shall not trip during the test. The maximum temperature measured shall
not exgeed the values specified in Column 1 of Table/46.5.

48.2 The test arrangement and conditions shall be as follows:
a) Voltage — as specified in Table46.6.

b) Inlet air conditions — 26,7€C (80°F), +1.1°C (x2°F) DB, wet bulb is not specifigd.

48.3 The unit shall be operated continuously until temperatures are constant. The electrical input to the
motor($) and other electrical loads shall be measured during the test.

49 Temperature.operation tests — with hot water or steam heating

49.1 For a_uniemploying a hot water coil, the temperature of the entering water shall be the maximum
inlet temperature marked on the unit. The rate of flow shall be so adjusted that the [temperature of the
water at\the outlet is 11°C (20°F) lower than that of the entering water, except that g lower temperature
differential may be employed if recommended by the manufacturer.

49.2 For a unit employing a steam coil, the pressure of the entering steam shall be the maximum steam
pressure marked on the unit.

49.3 The temperature of the discharge air shall not exceed 93°C (200°F) during the test.

49.4 Motor protective devices shall not trip during the test. The maximum temperatures measured shall
not exceed the values specified in Column 1 of Table 46.5.

49.5 The test voltage shall be as specified in Table 46.6. The inlet air temperature maintained during the
test shall be 26.7°C (80°F) £1.1°C (£2°F) dry bulb. Wet bulb temperature is not specified.
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49.6 The unit shall be operated continuously until temperatures are constant. The electric input to the
motor(s) and other electrical loads shall be measured during the test.

50 Cooling operation test — temperature and pressure

50.1 This test shall be conducted on all units having provision for cooling that employ refrigerant coils for
evaporating and condensing. Pressure-limiting devices and motor protective devices shall not trip during
the test. The maximum temperatures measured shall not exceed the values specified in Column 1 of Table
46.5, except that electrical components in an air handling compartment tested with 40°C (104°F) inlet air
may exceed these values by 13.3°C (24°F). The test shall not result in refrigerant leakage or rupture of
parts.

50.2 |The test arrangement and conditions shall be as follows:
a) Load conditions — as specified in Table 46.4;

b) Voltage — as specified in Table 46.6.

Durind the temperature and pressure test on liquid chillers employing-centrifugal motpr-compressors, the
motor{compressor shall be loaded to its marked rated load current. See Exception in Glause 47.1.

50.3 |The unit shall be operated continuously until temperatures are constant |and the maximum
pressyres are determined. The electrical input to the compressor motor and other elegtrical loads shall be
measuyred during the test.

51 Heating operation test — temperature and pressure

51.1 |This test shall be conducted on allkunits that have provision for refrigerant heating without any
supplgmentary means for heating (for example, electric heaters, hot water, steam, gag, or oil). During this
test, the maximum temperatures measured shall not exceed the values specified in Column 1 of Table
46.5. There shall be no refrigerantleakage or rupture of parts.

51.2 |The test arrangement and conditions shall be as follows:
a) Load conditions'— as specified under “Temperature and pressure tests — heating” of Table 46.4;

b) Voltage,~:as specified in Table 46.6.

After the air~flow and static pressure are initially set, the inlet air opening shgll be restricted to
approximately 50 per cent of the opening area. The test shall continue until temperatures are constant,

BA-SLHAM-HAA—O Hea-h L n-dataroainad
and thu ITIAATTTIUTTT PTTOOUTT TIido VTTITT UTLTTITITTCU.

Exception: For heat pumps not provided with an indoor fan motor and intended to operate in conjunction
with an installed furnace, the indoor air quantity shall be adjusted to a value 10 percent less than the
specified minimum value in the manufacturer's instructions.

51.3 With reference to Clause 51.2, if operation is interrupted by a limit control or motor overload
protective device, when the inlet air is restricted, the restriction shall be eased slowly until the heat pump
operates without interruption. The test shall continue until temperatures are constant and the maximum
pressure has been determined.
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52 Abnormal temperature and pressure tests — refrigerant heat only

52.1 If the equipment has a pressure-limiting device that is in compliance with Clauses 34.32 to 34.35,
the tests described in Clauses 52.2 and 52.3 may be waived.

Indoor Fan Failure and Water Failure

52.2 The unit shall be operated under the conditions of Clause 51 until constant temperatures have been
attained. All indoor fan motor(s) shall then be disconnected, and the unit permitted to function as it will until
maximum temperatures and pressures are attained, or until representative maximum temperatures and
pressures are reached under cycling load. The compressor motor overload device and/or the fan motor
overload-device may r\pnrafn durina this test The room ambhient shall ho Qpprnvim"te|y 26.7°C (80°F)

The test voltage shall be as specified in Table 46.6.

cted until maximum
are attained under
| continue until the

ambient shall be

52.3

stabiliz
cycling
maxim
approx|

he unit shall be operated with the water shut off, and also with the waterrestri
ed temperatures are reached or until representative maximum temperatures
load. If the unit cycles on a motor overload protective devicey, the test sha
im pressure during the protective device operation is obtained. The room
mately 26.7°C (80°F).

524
followir

The equipment tested as specified in Clauses 52.2 and 52.3 is considered to|comply if all of the

g conditions are met:

a) The refrigerant system does not rupture.or develop leaks during the t
pressure recorded shall be used to determineg,the strength of all parts in the equ

b) The maximum temperature of the hermetic motor compressor enclosure incl
a wrap around crankcase heater does’not exceed 150°C (302°F);

Exception: An enclosure including the surface of a wrap around crankcase
discharge gas shall not exceed 200°C (392°F). The equipment shall then b

est. The maximum
pment;

Lding the surface of

heater subjected to
e subjected to the

Dielectric voltage withstand-test of Clause 61.
and

c) there is no damage to any electrical components or refrigerant-containing pars.

53 Electric heater tests

GenerTI

53.1 The tests in this Clause shall be conducted on any unit that employs electric resistance heaters. For
a heat pump the capacity of the refrigerant heat source or an alternate heating source shall be equal to the
heat pump’s capacity when operated under the load conditions specified under temperature test-heating
or Input test-heating in Table 46.4. This capacity shall be maintained throughout the test, unless and until,
during the abnormal temperature tests, the high pressure switch functions to shut off the refrigeration unit.

Continuity of operation — simultaneous electric resistance heat and refrigerant heat

53.2 This test shall be conducted on any heat pump that includes electric heating means. The unit shall
operate continuously without opening any limit control or overload protective device. Also see Clause 53.1.

53.3 The test arrangement and conditions shall be as follows:

a) Load conditions — as specified under "Temperature test-heating" in Table 46.4;
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b) Voltage — as specified in Table 46.6.

53.4 The product shall be placed in heating operation with all electric heaters energized. There shall be
no inlet air restriction except as inherent in the device, with air filters in place.

53.5 The test shall continue until the outlet air and surface temperatures have stabilized.

53.6 A temperature- or pressure-limiting device, or a motor overload protective device, shall not open

during

the test.

53.7 Anair- to -air heat pump so desrgned that aII supplementary heaters cannot be energized if operated

atthep

that p¢

compl

rmits the heaters to be energized. Any control that controls the operatlon of €
/ with Clause 30.12.

Continuity of operation — electric resistance heat only

53.8
withoy
specifi
tempe
can be
during

53.9
enterin
tempe

Limit

53.10

This test shall be conducted on any unit that can have only the electric resista

gtgloor air temperature
lectric heaters shall

hce heaters operate

t any other heating means, except hot water or steamcheating. The unit s
ed in Clause 53.2, except that any refrigeration unitUshall be inoperativ

simultaneously energized with the electric heaters)this additional heating mear
the test. See Clauses 49 and 53.1.

For equipment, such as makeup air units.\with electric heat, designed and inten
g air temperatures less than 80°F and employing one of the following control s
rature will be as per the manufacturer’s specifications and not per Clause 46.3.

a) A functional limit control (thatymeets the requirements in Clauses 30.11 —
de-energize the appropriate.number of heaters. This functional limit control sh
same construction as the.primary limit controls, but shall be set at a temperatu
so the functional limit control would always function first - before the primar
meets the requirements in Clauses 30.11 — 30.14 and 53.9).

b) A regulating” centrol to control the heaters, if the heaters also have prima
back-up protection limit controls as described in Clause 55.

controlicutout test — simultaneous electric resistance heat and refrigerant

A Jimit control, when adjusted to the maximum setting allowed by a fixed stop

;

rature is not specified. The voltage shall be as specified in Table 46.6. If hot water or steam heating

all be operated as
and the ambient

s shall be operating

ded to be utilized at
chemes, the inlet air

B0.14) to operate to

all have to have the
re 3°C (5.4°F) lower
y limit controls (that

ry limit controls and

heat

shall prevent a unit

from d

53.11

elivering air at a temperature exceeding 93.3°C (200°F).

The test arrangement and conditions shall be as described for the continuity of operation test,
Clause 53.2. The unit shall be operated as described in that Clause until the outlet air temperature is
constant.

53.12 The inlet opening shall be slowly and uniformly restricted at the rate indicated in Clause 53.15,
with no other readjustment of the system, until a limit control opens, at which point the outlet air

tempe

53.13
tempe

rature shall be measured.

When a heat source other than refrigerant heat is used, it shall be de-
rature rise reaches the value calculated using the following equation: 3

For temperature rise measurements in °C:

energized when its
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where

M=+ (kx Q)

At = the temperature rise in °C,

4q = the heat capacity determined in Clause 53.1 (kW),
Q = the minimum air flow rate from Clause 51.3 (m®/ sec),

k=1.2[kJ/(m®="K)]

For ten

where

53.14
the tes
temper

53.15
approx|

\perature rise measurements in °F:

A= gG+kx Q)

At = the temperature rise in °F,

d = the heat capacity determined in Clause 53.1 (Btu-/Hr),
Q = the minimum air flow rate from Clause 51.3 (ft°# min),

k = 1.085 [(Btu-min) / (ft® — hr — °R)]

If the heat pump and/or heater circuitstare not fully deenergized by the first lim
| shall be continued by further restricting the inlet air until either all limit controls
ature stabilizes.

The outlet air temperature’ rise caused by the restriction of the air inlet
mately 1.1°C/min (2°F/min). If more than 10 min is required before the first limi

specified rate of restrictionnneed only apply to the final 10 min period prior to fung

control

Limit ¢

53.16
unit ing

ontrol cutout.test — electric resistance heat only

The_requirements of Clauses 53.11 to 53.15 shall also apply to equipment w
perative with the outdoor temperature not specified.

it control operation,
trip or the outlet air

opening shall be
t control opens, the
tioning of that limit

th any refrigeration

Heatin

g operation test — unit with electric resistance heaters

53.17 The requirements of this Clause shall be applied to equipment operating in the electric heat only
mode, simultaneous electric resistance heat with hot water or steam mode, or in the simultaneous electric
resistance heat and refrigerant heat mode of operation.

53.18 This test shall be conducted immediately following the Fan delay test, Clause 56, if performed, and
the Limit control cutout tests, Clauses 53.11 to 53.16.

53.19 The test arrangement and conditions are the same as for the limit control cutout tests, except that
the limit controls shall be shunted out of the circuit. The inlet air restriction shall be eased until the output
air temperature is 3°C (5.4°F) less than the outlet air temperature measured at the time of operation of the

first lim

it control during the Limit Control Cutout Test.


https://ulnorm.com/api/?name=UL 1995 2022.pdf

AUGUST 1, 2022 CSA C22.2 No. 236-15 ¢ UL 1995 121

53.20 The unit shall be operated continuously until constant temperatures and maximum pressures are
determined. The electrical input shall be measured at intervals during the test.

53.21 The maximum temperatures measured shall not exceed the values specified in Column 1 of Table
46.5.

53.22 The test shall not result in refrigerant leakage or in rupture of parts. The maximum pressure shall
be recorded as a basis for the strength test requirements.

54 Abnormal temperature and pressure tests

Genenat

541 |These tests shall be conducted on any unit with supplementary heating" means and all those
specified in Table 46.2.

54.2 |The tests described in this Clause shall not result in refrigerant\leakage or riipture of parts. The
maxinfum pressure shall be recorded as a basis for the strengthtest requirement.|{A unit employing a
pressyre-limiting device complying with Clause 34.34 as applicable-is considered to gomply with the high
side pfessure requirement.

54.3 |For units intended to be connected to a duct system,"the maximum temperatures measured during
the tegts described in this Clause shall not exceed

a) The value specified in Column 2 of Table46.5 during 1 h after the first operation of a limit control
or motor overload protective device; and

b) The value specified in Column1-of Table 46.5 thereafter; except that a motor may attain the
temperature specified in Column~2 during any part of the test.

54.4 |For units without a ductisystem (free air discharge), the requirements of Glause 54.3 are not
applicable. See Clause 54.5.

54.5 [During the tests déscribed in this Clause there shall be no
a) Emission ‘of flame or molten metal; or
b) RisK of electric shock hazard; or

c)\Glowing or flaming of the felt, cheesecloth, or drape (for units without a duct system, free air
dienhqrgn nnly)

54.6 The test arrangement and conditions are unchanged from the continuity of operation test for the
type of unit under test. The unit shall be operated to constant outlet air temperature, with the bypass
removed from the limit controls.

54.7 Unless it is a required backup control, a manually resettable supplementary control that is a limit
control may function during the tests specified in Clauses 54.11 to 54.16.

54.8 Units with multiple voltage ratings shall be tested as follows:

a) All abnormal tests shall be conducted at the voltage that results in the highest limit cutout
temperature. See Clauses 53.10 to 53.16.
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b) The abnormal test that results in the highest temperature shall be repeated at the other voltages.
The remaining abnormal tests may be waived on the basis of the results.

54.9 For units without a duct system (free air discharge), when tested per Clauses 54.11 to 54.13, a layer
of cheesecloth shall be placed over the outlet air opening. During the blocked outlet test, the cheesecloth
shall be covered with a 25 mm (1 in) thick felt pad.

54.10 The felt mentioned in Clause 54.9 shall be standard weight, animal hair, punched felt with centre
reinforcement consisting of burlap having a mass of 170 g/m? (5 oz/sq. yd). Felt 25 mm (1 in) thick has a
mass of 3.56+ 0.51 kg/m?(105 + 15 oz/sq. yd) or SAE J314, Grade F-11, one inch-thick wool felt, or made
with felt strips each having a width of 100 mm and lined with a single layer of textile material. The felt has a

specifi

d mass of 4 kg/m? and thickness of 25 mm. The textile material consists of a

rewashed double-

hemmd
be bled
having

Restriq

54 .11

type of|
restrict
not fas
functio
shall th

allowed to become stable, and the restriction shall>then be resumed. This procedure]

until th
Fan fa
54.12

blower
temper

Blocked outlet

5413
test, W

bd cotton sheet having a mass between 140 g/m? and 175 g/m? in the dry condi
ched cheesecloth, 914 mm (36 in) wide, approximately 28 to 30 m/kg mass (
for any 25.4 x 25.4 mm (1 % 1 in) square, 32 threads in one direction and 28'thrg

tted inlet

The test shall be conducted under the same conditions as in_the continuity of o
d at such a rate that the outlet air temperature increases approximately 1.1°C
er, until operation is interrupted by a temperature limit/control. The equipment s
n without any further adjustment until temperatures become stabilized; the ing
en be resumed until a second temperature limifycontrol (if any) functions. Cong

b resulting temperatures and pressures aré.the maximum that occur with any am
lure

The unit shall be restored \to_operation temperatures, as in the continuity o
motors shall be deenergized! The assembly shall be permitted to function as it
atures are reached under_stable or cycling conditions.

th the blewer motor operating. The air outlet shall then be blocked comple

continy
permit

until representative maximum temperatures are attained under cycling load.

ed until\the limit control functions to interrupt the heater element circuit. The s
d.to function without any further adjustment until maximum stabilized temperat

tion. The cloth shall
4 to 15 yd/Ib), and
ads in the other.

peration test for the

unit under test and may be a continuation of the limit contral cutout test. The inlgt shall be uniformly

(2°F) per min, but
hall be permitted to
rease in restriction
itions shall then be
shall be continued
ount of restriction.

operation test. All
will until maximum

The equipment shall be allowed to resume normal temperatures as in the continuity of operation

tely, and operation
stem shall then be
Lires are reached or

54.14 This test shall not be conducted on any unit without a duct system (free air discharge) with any air
discharge openings located more than 1.22 m (4 ft) above the floor level when the unit is installed as
intended.

Curtain drape

54.15 This test shall not be conducted on a ceiling-mounted, or on a top or bottom discharge wall or floor
mounted unit without a duct system (free air discharge).

This test may be waived if during the continuity of operation test the curtain drape is blown away from the
discharge openings of the unit.
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54.16 The upper edge of a simulated curtain, a minimum of 0.9 m (3 ft) high vertically and a minimum of
2.4 m (8 ft) long horizontally, shall be continuously attached to a vertical wall above the unit. The curtain
shall consist of 8 oz white duck plus an overlay of cheesecloth as described in Clause 54.10 on the side
facing the heater, and shall be hung loosely in folds so that a 2.4 m (8 ft) length covers a 1.8 m (6 ft) length
of the unit, completely blocking the air discharge openings. The bottom edge of the curtain shall be located
so that it will barely touch the floor. During the test, the curtain shall be draped to conform as closely as

possible to the contour of the surface of the unit.
55 Backup protection tests

General

55.1
provision for field addition of, electric heaters and which is provided with a backuppr|
Clausg 30.17). If the unit is a heat pump, the unit shall operate the electric heaters si
refrigefant heat.

55.2

55.3 s
the 3(
functid
be no
first cq

When tested in accordance with this Clause, the temperature at the points n
hall not exceed 100°C (212°F) except that the temperature‘shall not exceed 1

min period following the initial imposition of the test condition. The tempeg
ning of one or more of the manually resettable or nonrésettable limit controls or

ntrol or cutoff, the temperature shall not exceed 100°C (212°F).

55.3
where
produg

The temperature limit mentioned in Clause’55.2 applies to the metal duct an
suitable for zero clearance installation, and the inside surface of the wooden tg
t employing electric heaters.

55.4 |The test arrangement and conditions are unchanged from those describg
tempefature and pressure tests, Clause 54. The product shall be operated as describe
operatjion tests until the outlet airtemperature is constant, with the automatically reset
contro] of the electric heaters bypassed.

55.5
the tes
alsod

A pressure-limitingydevice or other control may operate to deenergize the com
ts described in_Clauses 55.7 to 55.10. If a manually reset pressure or temper
penergizes the.electric heater circuits, the latter function shall be

a) Bypassed if the device controls the heater through a contactor or equival
operates in the normal temperature-regulating circuit of the heater; and

The tests described in this Clause shall be conducted on a product provithed with, or having

btective device (see
multaneous with the

nentioned in Clause
B0°C (266°F) during
rature following the
thermal cutoffs shall

more than 175°C (347°F); however, at the end of the 30 min period following the functioning of the

d the product itself,
st enclosure, of any

d in the Abnormal
d in the continuity of
temperature-limiting

ressor motor during
ature-limiting device

ent control that also

By Alcwaadt nieal th K torif oAl aieall
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55.6 Clause 54.8 shall apply for multiple voltage rated units.

Restricted inlet

tp contactor.

55.7 This test shall be conducted as described in Clause 54.11, except that the rate of restriction of the

inlet duct shall be such that the opening is totally blocked at the end of 30 min.

55.8

If a manually reset pressure- or temperature-limiting device that is not bypassed for heater control,

as indicated in Clause 54.6, operates to deenergize the product and the electric heaters, the tests

indicated in Clauses 55.9 and 55.10 may be waived.
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Fan fai

lure

55.9 This test shall be performed in accordance with Clause 54.12.

Blocked outlet

55.10

This test shall be performed in accordance with Clause 54.13.

56 Fan delay test — duct-connected downflow and horizontal units

56.1

During the normal operation of horizontal or downflow equipment provided with a fan delay control,

starting
and on
therma

56.2

unit sh
has on
equipmn
the air
the ret

With the equipment at Toom temperature, the fan controt shaftoperate to preve
the air filter, if provided, from attaining a temperature higher than 90°C (194
| cutoff, or motor overload device shall not open before the fan control functions.

-or downflow equipment, a duct having a cross-section the same size as the inlg
bl be attached to the return inlet air opening, and extended vertically, using a 4
y a side inlet air opening, to a distance of 2.3 m (7-1/2 ft) above the base of the
ent, a duct having a cross-section the same as the inlet air opening in the unit
nlet, and extended vertically by means of a 90° elbow for(@ distance of 1.8 m (6
irn air opening. The sample shall be arranged to opérate against an externa

specified in Clause 46.11. Any fan or limit control, if @djustable, shall be adjuste

temper

56.3

located
shall b
shall b
shall b
in) fron
higher

56.4
applicg

57

571
providg

ature setting allowed by a fixed stop and minimum.differential.

The temperature of the air in the inlet duet‘shall be measured by means of th

in the plane of the return air (inlet air) apening of the unit. For a downflow unit
e on the horizontal centre line of thesteturn air opening. For a horizontal unit,
e on a horizontal line 1/3 of the distance below the top of the return air opening
b located 25.4 mm (1 in) from one)side of the opening, one at the centre, and th
n the opposite side of the opening. None of the three thermocouples shall ind
than 90°C (194°F) prior to'the operation of the fan control.

t the air in the inlet
°F). A limit control,

et air opening of the
90° elbow if the unit
unit. For horizontal
shall be attached to
ft) above the top of
static pressure as
d to the maximum

ree thermocouples
the thermocouples
the thermocouples
One thermocouple
e other 25.4 mm (1
cate a temperature

The conditions shall be as described in the continuity of operation test, see Clayse 53.3 or 53.8, as

ble.

Control system failure test

The test described in Clauses 57.2 and 57.3 shall be conducted on any heat pump that is not

d ‘with an indoor fan motor assembly (and hence is intended to be used

with the fan motor

assem

"l‘,’ of an installed air hsmrlling ||nif)

Exception: a unit provided with a hazardous voltage interlocking circuit to prevent simultaneous operation
of the heat pump and installed air handling unit need not be tested.

57.2 The heat pump shall be operated as described in the heating operation test without supplementary
electric heaters, Clause 51, except that the inlet air temperature to the heat pump indoor coil shall be
adjusted to 71.1°C (160°F). The indoor air quantity shall be adjusted to a value 10 percent less than the
specified minimum value in the manufacturer's instructions.

The heat pump shall be operated to establish that the control specified in Clause 26.17 stops operation of
the compressor motor before the compressor motor overload protective device operates. The heat pump
shall be operated to constant temperatures as described in Clause 51, Heating operation test—
temperature and pressure.
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Note: The motor overload protective device may operate if the device is in a manual reset circuit that prevents automatic restarting of
the compressor motor.

57.3 The maximum temperatures measured shall not exceed the values specified in Column 1 of Table
46.5. The test shall not result in refrigerant leakage or rupture of parts. The maximum pressure shall be

record

ed as a basis for the strength test requirements.

58 Fan motor failure test

58.1

If the equipment has a pressure-limiting device that is in compliance with Clauses 34.32 to 34.35,
the test described in Clause 58.2 may be waived.

58.2
appro
shall
tempe
are at
device

59 M
59.1
use wi

59.2

be swi
supply
manng
shall |

requirgments in this Clause and Clause 59.3, “normal” is defined as operation in e

measy

59.3
supply
not reg
with th

The unit shall be operated under the conditions of Clause 50 except the rog
imately 26.7°C (80°F), until temperatures and pressures become constant. All
hen be locked or deenergized, and the unit allowed to operate’ until n
ratures and pressures are reached or until representative maximumvtemperat
ained under cycling load. The compressor motor overload deviceyand/or the
may operate during this test. The unit shall comply with Clause 60:2.

otors for use with wave chopping solid-state speed controls

In addition to the condition described in Clause 46.11) a motor that includes o
th a solid-state speed control shall be operated under the following condition in

With the motor connected to an ac supply modified to produce half-wave outp
tched from sinusoidal to half-wave output<after the motor is operating at maximu
is switched from sinusoidal to half-wave operation, the motor shaft does not cqd
r that is a normal condition, the locked-rotor temperature requirements descr
e used instead of the maximum, temperature specified in Table 46.5. See H

m ambient shall be
putdoor fan motor(s)
naximum stabilized
ures and pressures
fan motor overload

that is intended for
Clause 59.2.

ut. The supply shall
m speed. If after the
ntinue to rotate in a
bed in Clause 59.3
igure 59.1. For the

red maximum RPM.

When the motor shaft does not rotate or rotates in a manner not determined tg
is switched fromrsinusoidal to half-wave operation as described in Clause 59|

cess of 10% of the

be normal after the
P or the motor does

tart when openated from a half-wave source after the motor is de-energized, the¢ motor shall comply

e applicable temperature requirements as follows:

a) Thé jtemperature of an impedance-protected motor shall comply wi
temperature test requirements in CSA 22.2 No. 77 or UL 2111 or UL 1004-1 an

h the locked-rotor
i UL 1004-3.

h) The fnmpnrn’rllrn of a fhnrmall\ll-prnfnr‘fnd motor shall anply with the lockd

d-rotor temperature

test requirements in CSA 22.2 No. 77 or UL 2111 or UL 1004-1 and UL 1004-3,

1) For a motor with an automatic reset type protective device, the temp

except:

erature criteria shall

not be applied during the initial cycle of the thermal protector operation and there shall be

no emission of flame or molten metal, or

2) For a motor with a non-replaceable thermal cutoff, the temperature

criteria shall not be

applied when the thermal cutoff opens within the first hour and there shall be no emission of

flame or molten metal.

¢) The duration of the test shall be for 15 days. The power supply shall be modified to provide half-
wave output directly to the motor and bypassing the integral solid-state speed control.
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Figure 59.1

Half-wave test circuit

MOTOR—OFBEWGE-UNDBER—FEST @

S406[3

Footnotd —
@ A standlard rectifier diode shall be used to produce the half-wave input to the motor of the device under|test. The diode shall be
sized for|the rating of the device under test (at least twice therating of the motor).

60 Condenser water failure test

60.1 For those units having water=cooled refrigerant heat exchangers, the unit, while operating in the
coolind mode, shall be operated~as in Clause 50 until temperatures and pressure§ become constant,
whereypon the water shall be shut off or the condensing water restricted, until the maximum stabilized
temperatures and pressures are reached or until they are attained under cycling load. |f the unit cycles on
a motdr overload protective device, the test shall be continued until the maximum pressure during the
protectjve device operation is obtained. The room ambient temperature shall be approximately 26.7°C
(80°F).

60.2 [he eguipment is considered to comply if all of the following conditions are met:

a)The refrigerant system does not rupture or develop leaks during the test. The maximum
pressure recorded shall be used to determine the strength of all parts in the equipment. A unit
employing a pressure-limiting device complying with Clause 34.34, as applicable, is considered to
comply with the high-side pressure requirement; and

b) The maximum temperature of the hermetic compressor motor enclosure does not exceed 150°C
(302°F);

Exception: An enclosure subjected to discharge gas shall not exceed 200°C (392°F). The
equipment shall then be subjected to the Dielectric voltage withstand test of Clause 61.
and

c) there has been no damage to the electrical components and refrigerant-containing parts.
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61 Dielectric voltage-withstand test
61.1 The equipment shall withstand without breakdown the following:
a) A potential, as specified below, applied between live parts of hazardous voltage circuits, and
dead (grounded) metal parts, for a period of 1 min. AC test potentials are 40 — 70 Hz and DC test
potentials represent the peak value of the AC test potentials. For the test, the unit may be in a
heated or unheated condition.
1) 1000 V ac or 1414 dc for units rated 250 V or less, and which include a motor rated at
less than 1/2 hp.
ated voltage for units
For units employing extra-low-voltage circuits, the test shall be conducted with this cirquit connected to the
cabingt, chassis, or other dead (grounded) metal parts, so that the potential’that is applied between the
live hgzardous voltage parts and dead (grounded) metal parts will simuftaneously be gpplied between the
live hazardous voltage parts and the extra-low-voltage circuits.
61.2 |There are two methods for subjecting the extra low voltageicircuit to the dielectric test:
a) For units employing extra-low-voltage circuits;“the test shall be conducted with this circuit
connected to the cabinet, chassis, or other dead\(grounded) metal parts, so that the potential that is
applied between the live hazardous voltage parts and dead (groundedq) metal parts will
simultaneously be applied between the live hazardous voltage parts and the extra-low-voltage
circuits; or
b) The extra-low-voltage circuit shallwithstand, without breakdown, a minimum|test potential of 500
volts applied for 1 minute between extra low-voltage live parts and dead metal parts. The test
potential shall be at any frequency between 40 and 70 hertz. If protective [devices of the type
indicated in Clause 33.7. are employed in the extra low-voltage circuit, the test shall also be
conducted between live parts of opposite polarity.
61.3 |The test betweep-extra-low-voltage parts of opposite polarity shall be condug¢ted on magnet coll
windings of the transformer after breaking the inner coil lead where it enters the |ayer. This opposite
polarity test may be."waived on the complete assembly provided that the components have been
separately subjected to this test.
61.4 |The test equipment used to determine compliance with Clause 61.1 shall include a transformer
having an‘essentially sinusoidal output with a rating sufficient to maintain the required {est potential. It shall
alsoin i i fmdicati
61.5 If the output of the test-equipment transformer is less than 500 VA, the equipment shall include a

voltmeter in the output circuit to directly indicate the test potential. If the output of the test equipment
transformer is 500 VA or larger, the test potential may be indicated by an acceptable voltmeter in the
primary circuit or in a tertiary winding circuit, by a selector switch marked to indicate the test potential, or
by a marking in a readily visible location to indicate the test potential on equipment having a single test-
potential output. When marking is used without an indicating voltmeter, the equipment shall include a
means, such as a power-on lamp, to indicate that the manual reset switch has been reset following a

tripout
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62 Condensate drain blockage test

62.1

The equipment shall be installed as intended, with the indoor fan motor energized. All condensate

drain lines except overflow lines shall be blocked, and water added to the drain pan at a rate of not less
than 500 mL (1 pint) per minute for each 472 L/s (1000 CFM) of air flow, until water overflows onto the

floor.

During this test, water shall not impinge on uninsulated hazardous voltage parts and extra-low-voltage
safety circuits, and shall not be retained within the enclosure for electrical parts or wiring.

A motor winding may be wetted; however, it shall be subjected to the Dielectric voltage-withstand test,

Claus

841

62.2

waived,.

63 Ld

63.1
of 91 K
mm (6

The st
receivg

Polymg
loading

63.2

directig
force s
a pern
polymg
loading

63.3

f the drain pan is located below all electrical parts, the test described.in”C

pading test

A\ substantially horizontal plane on the top of equipment shall\be capable of sus
g (200 Ibs), applied in a vertical direction, in the most,unfavourable location, g
n) diameter. This load shall not result in:

a) A deflection that causes the structure to contact a moving part, and

b) A permanent deformation of the structuresso ‘as not to comply with Clause 11

ucture shall comply with the requirements of this Standard following the log
d condition.

ric cabinets and structural parts shall comply with the requirements of this Stg
test in the as received condition.

Suarding shall have sufficient strength to withstand a force of 111 N (25 Ibs) ap
n normal to the surface by the end of a rod 38.1 mm (1.5 in) in diameter. Th¢
hall not result in deflection that causes the guarding to contact a moving part, ar
anent deformation of the guarding so as not to comply with Clause 11.2. The
ric cabinéts-and structural parts, shall comply with the requirements of this stg
test in.the as received condition.

ause 62.1 may be

taining a static load
ver an area of 152

N

ding test in the as

ndard following the

blied anywhere in a
e application of this
d shall not result in
structure, including
ndard following the

Equipment intended to be suspended from the wall or ceiling shall withstand the test described in

Clause

63.4 without falling from its intended mounting location.

63.4 The equipment shall be installed as per the manufactures instructions. A load equal to three times
the weight of the unit but not exceeding 181.6 kg (400 Ibs) mass, acting vertically downwards, shall be
applied uniformly to the unit for minimum of 1 minute.

64 Limited short-circuit test

64.1 Devices and conductors, as referenced in Clauses 20.19, 23.18, and Exception 2 of Clause 32.5,
shall withstand short-circuit and ground-fault conditions when protected by either a device that is suitable
for branch-circuit protection and located in the product, or a branch-circuit protective device of the type and
rating specified in Clause 23.18. There shall be no damage to conductors or their terminations, no ignition
of cheesecloth surrounding the enclosure housing the components under test, and no arc over between
hazardous voltage and extra-low-voltage circuits.
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64.2 Each device and each conductor shall be connected in a circuit having a capacity based on the
rated current and voltage of the product; see Table 64.1. The product rated current shall be determined by
adding the rated motor currents and the other rated currents. The circuit capacity shall be measured
without the devices or conductors in the circuit.

64.3 Three samples of each component under test shall be subjected to each test condition, and a new
protective device shall be used for each test. Consideration shall be given to both short-circuit and ground-
fault conditions.

Table 64.1
Limited short-circuit test currents
Product ratings, A
Single phase Circuit capacity,
110-120V 200 -208 V 220-240V 254 - 277V A
9.8 or less 5.4 or less 4.9 orless P 200
9.9-16.0 55-8.8 5.0-8.0 6.65or less 1000
6.1-34.0 8.9-18.6 8.1-17.0 - 2000
B4.1 —80.0 18.7-44.0 17.1-40.0 - 3500
Over 80.0 Over 44.0 Over 40.0 Over 6.65 5000
3 phase Circuit capacity,
200-208V 220-240V 440 - 480V 550 - 600 V A
2.12 or less 2.0orless - - 200
2.13-3.7 21-35 T80or less 1.4 orless 1000
3.8-95 3.6-9.0 - - 2000
9.6 -23.3 9.1-22.0 - - 3500
Over 23.3 Over 22.0 Over 1.8 Over 1.4 5000

65 Transformer — burnout test

65.1 |There shall be no_emission of flame or molten metal from the product enclosure or emission of
smoke in an indoor air handling compartment when a transformer having a hazardoys voltage primary is
operated under the canditions described in Clauses 65.2 and 65.3.

This test does-netapply to a transformer having a hazardous voltage primary that is pfrovided with thermal
overlopd proteetion of other than the nonrenewable thermal cutoff type (see Clause 27.4), or that is
protectedby'an overcurrent device in accordance with the requirements of Clause 27.6.

65.2 Three samples of the transformer shall be operated continuously at the normal test voltage
indicated in Table 46.6 and rated frequency with the enclosure grounded. The test ambient temperature
shall be 26.7°C (80°F), and operation shall be continued until constant temperature is indicated by a
thermocouple on the enclosure or until burnout occurs. The circuit on which the transformer is tested shall
be protected by fuses rated not less than that required for the product.

65.3 The load connected to the output terminals shall be the highest of the following, and shall be
readjusted to the specified value after 2 min of operation, if necessary, with no further readjustment during
the test:

a) A resistance load to provide a current equal to three times the full rated transformer secondary
current; or
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b) If the transformer supplies a motor with or without additional loads, a resistan
current equal to the motor locked rotor current plus any additional load; or

c) lif the transformer supplies an inductive load (other than a motor) such as

ce load to provide a

the coils of relays,

solenoids, and the like, a resistance load to provide a current equal to the sum of such loads with

the armature of the largest blocked open.

The test may be conducted with the output terminals short-circuited, if this results in less than three times

rated s

econdary current.

66 Transformer — overload test

66.1
protec

66.2

on the
tested
class 0

66.3
continy
device
The tes
so that
its insu

66.4
the sar
not exq

66.5
above

67

67.1

in Figuj
brough
greateg
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Rain test

his test applies to a transformer having a hazardous voltage primary pro
n of other than the nonrenewable thermal cutoff type. See Clause 27.4.

Temperatures of a thermally protected transformer having a hazardous’voltage
surface of the windings, shall not exceed the insulation temperature)rating whe
bs indicated in Clauses 63.3 and 63.4. Insulation temperature.rating is defined
finsulation.

A variable resistance load shall be connected to the output terminals, and the tr
ously at the normal test voltage indicated in Table 46.6. If the protective device
that, in turn, interrupts primary current to the transformer, the switching device s

the transformer winding is brought to a stahilized temperature of approximately
ation rating. The load shall then be gradually increased until operation of the prg

Three samples of the transformer protector combination shall be tested. Avera
nples shall not exceed the winding insulation rating, and the temperature of an
eed the insulation rating by moré than 5°C (9°F).

The transformer shall cemply with the dielectric voltage-withstand test, Claus
est.

The rain-test-apparatus shall consist of three spray heads mounted in a water sy
re 67. 1\ Fhe spray heads shall be constructed in accordance with Figure 67.2. T
t into the focal area of the three spray heads in such position, and under such
bt guantity of water will enter the product.

vided with thermal

primary, measured
n the transformer is
Bs the rating for the

ansformer operated
controls a switching
hall be in the circuit.

5t ambient temperature shall be approximately,26.7°C (80°F). The resistance load shall be adjusted

10°C (18°F) below
tector occurs.

ge temperatures of
y one sample shall

e 61, following the

pply rack as shown

he product shall be
conditions, that the
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Figure 67.1
Rain test apparatus
PLAN VIEW
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Figure 67.2
Rain Test Spray Head

ASSEMBLY @

ANSI/ASME B1.20.1-1983

38-1/2° B C —= 1/2" TAPERED PIPE
_\I‘ 1 I__ THREAD -

%ﬁj
o]

E
MAX) |
H (DRILL THRU)

N (MAX.
’ °§U(?,L§§§'NK N ( 3)HOLES - T (DRILL THRU)
\; SPACE 120

+H—
R (DRILL TO DEPTH
a L REQUIRED FOR THROAT)
Il /]
S — V (HEX. OR ROUND
7 — —— .
ﬂ e — BAR STOCK)
U (DRILL THRU) =L
—{ K |-—
J

3 — SQUARE SECTION SLOTS — W WIDE x G DEEP — SPACE 120° —
60° HELIX — LEADING EDGES TANGENT TO RADIAL HOLES

RT100D
tem inch mm Item inch mm
A 1-7/32 31.0 N 1/32 0.80
B 7/16 11.0 P 575 14.61
C 9/16 14.0 576 14.53
D 578 14.68 Q .453 11.51
.580 14.73 454 11.53
E 1/64 0.40 R 1/4 6.35
F ¢ c S 1/32 0.80
G .06 1.52 T (No. 35)° 2.80
H (No. 9)° 5.0 U (No. 40)° 2.50
J 23/32 18.3 \Y 5/8 16.0
K 5/32 3.97 W 0.06 1.52
L 1/4 6.35
M 3/32 2.38
2 Nylon Rain-test spray heads are available from Underwriters Laboratories
PANSI B94.11M Drill Size
¢ Optional — To serve as a wrench grip.
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67.2 The spray shall be directed, at an angle of 45° to the vertical, towards the louvres or other openings
closest to live parts. Water pressure shall be maintained at 34.5 kPa (5 psig) at each spray head.

67.3 The equipment shall be operated so that electrical components are energized, and the product shall
be tested under the intended conditions of use judged most likely to cause the entrance of water into or
onto electrical components. If the unit is equipped with an outdoor service receptacle, the test shall be
conducted with a plug inserted in the receptacle. It could be necessary to operate the unit under various
modes of operation or to deenergize the product, if more adverse conditions could result. In any case,
each exposure shall be for 1 h.

67.4 Openings intended for field conduit connection shall be provided with such connections, with the
outer end sealed, but with pipe thread compound at the connection. Openings intended for the entry of
condugtors for Class 2 wiring shall not be sealed.

67.5 |After the final exposure to the rain, the complete product shall be 'subjected to the Dielectric
Voltage-Withstand Test, Clause 61.

67.6 |When multiple exposures to rain are necessary, the dielectric-withstand test shgll be repeated in the
wet cgndition if drying could occur between exposures.

67.7 |Water shall not enter enclosures above the lowest electrical component other|than insulated wire.
Uninsdlated hazardous voltage parts and extra-low-voltage\safety circuits shall not bg wetted. There shall
be no accumulation of water within the enclosures of electrical parts.

Exception No. 1: Water may enter an enclosureabove the lowest electrical companent, if the point of
entrance is not in proximity to live parts, and if live’ parts except insulated wire are not wetted.

Excepfion No. 2: A motor winding may\be wetted if the motor complies with thg Dielectric Voltage-
Withstand Test of Clause 61.

68 celerated aging tests
Gaskats

68.1 |Rubber or neoprene compounds, except foamed materials, used for gaskels to seal electrical
enclogures of outdoor equipment shall have physical properties as indicated in Table §8.1 before and after
accelgrated aging under the conditions indicated in Table 68.2.

68.2 |If non-metallic sealing gaskets or protective barrier tape are employed to meet|the requirements of
Clause-852—and-the—applicationis—suech-that YV-expostre—cottd-affect-the-intended sealing or securing

function, the material shall meet the requirements of Clause 89.1.

68.3 Foamed neoprene or rubber compounds forming gaskets to seal an electrical enclosure of outdoor
equipment shall not harden or otherwise deteriorate to a degree that will affect their sealing properties
after accelerated aging under the conditions indicated in Table 68.2.

68.4 Thermoplastic materials forming gaskets to seal an electrical enclosure of outdoor equipment shall
not deform, melt, or otherwise deteriorate to a degree that will affect their sealing properties after
accelerated aging under the conditions indicated in Table 68.2. Solid polyvinyl chloride gasket material
shall have physical properties as indicated in Table 68.1 before and after the accelerated aging.

68.5 Gaskets of materials other than those mentioned in Clauses 68.1 to 68.3 shall be nonabsorptive,
and shall provide equivalent resistance to aging and temperatures.
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The temperatures indicated in Table 68.2 correspond to the maximum temperatures measured on the
gasket during the temperature and pressure tests.

Table 68.1
Physical properties for gaskets
Neoprene or rubber compound Polyvinyl chloride materials
Before test After test Before test After test
Recovery—Maximum set when 25.4 mm (1 in) 6.4 mm (1/4 in) - Not specified
gauge marks are stretched to 63.5 mm (2-1/2
in), held for 2 min and measured 2 min after
releas
Elongation—Minimum increase in distance 250% 65% of original 250% 75% of original
between 25.4 mm (1 in) gauge marks at break 25.4 — 88.9 mm 25.4 889 mmh
(1-3-1/2in) @~=3-1/2in)
Tensile|strength—Minimum force at breaking 5.86 MPa (850 75% of original 8.27 MPa 90% of original
point psi)
(1200 psi)
Table 68.2
Accelerated aging conditions for gaskets
Measured
temperature °C (°F) Material Test program
60 (140) Rubber or neoprene 70 hours in an air-circulating oven at 100°¢ + 2°C (212°F +3.6°F)
60 (140) Thermoplastic 7 days in air-circulating oven 87°C (189°F)
75 (167) Rubber or neoprene 168 hours in an air-circulating oven at 100°C + 2°C (212°F +3.6°F)
75 (167) Thermoplastic 10 days in an air-circulating oven aff 100°C (212°F)
80 (176) Rubber,\neoprene, or 7 days in an air-circulating oven at 113°C (235.4°F)
thermoplastic
90 (194) Rubber or neoprene 10 days in an air-circulating oven at [|21°C (249.8°F)
90 (194) Thermoplastic 7 days at 121°C (249.8°F) or 60 days at 99°C (206.6°F) in an air-
circulating oven
105 (223) Rubber, neoprene, or 7 days in an air-circulating oven at 136°C (276.8°F)
thermoplastic

Polymegric,Materials

68.6 Specimens of polymeric material used for cabinets and structural parts shall be conditioned as
indicated in Table 68.3. A sufficient number of samples should be conditioned for the tests of Clauses 68.6
and 68.7.
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Table 68.3
Accelerated aging conditions for polymeric materials

shown|

® Norn
two va

Normal operating Oven aging Condition
Intended use? temperature® °C (°F) Temperature °C (°F) Time, h
Cabinet (Indoor only) 65 (149) 90 (194) 168
Cabinet 75 (167) 90 (194) 1440
Cabinet 85 (185) 95 (203) 1440
Cabinet 95 (203) 105 (221) 1440
Cabinet 100 (212) 121 (250) 1440
StructgratParts 50(t22) 75167 1440
Structdrral Parts 75 (167) 100 (212) 1440
Structdrral Parts 100 (212) 121 (250) 1440
2 If the|same polymeric material is used for both a cabinet and a structural part, it shall be subjected to the ¢ven aging condition

for a cabinet. The oven aging condition shall be the higher of the values shown for githier the cabine

not less than that for a normal operating temperature of 75°C (167°F).

al operating temperature shall be determined by Table 46.1 and Table 46.2 as applicable. If this tem
ues, the higher of these two values shall be used in determining the ovencaging condition.

or structural part but

berature is between

68.7

Conditioned specimens shall comply with the flame/burning tests specified fi

Clause 5.10.1) in accordance with CAN/CSA-C22.2 No, 017 and UL 94.

68.8
C22.2

68.9
reduct

Excep|
that in
and C

Conditioned specimens shall be subjected-to the following tests in accorda
No. 0.17 and UL 746A as applicable:

a) Tensile strength,
b) Flexural strength,
¢) Izod impact,

d) Tensile impact.

After the applicable test of Clause 68.7, the specimens shall not have morg
on of the unconditioned property values for items (a) — (d).

fion: Polymeric material specimens that already have a thermal index rating eqy
dicated in Table 68.3 under the normal operating temperature column in accor

br the material (see

nce with CAN/CSA-

b than a 50-percent

al to or greater than
Hance with UL 7468

AN/CSA-C22.2 No. 0.17 are considered to be in compliance with the requireme

nts in Clause 68.5 —

68.7 and need not be retested.

69 Impact test

69.1
followi

Cabinets, structural parts, and enclosures shall comply with the requirements of this standard

ng the impact tests.

69.2 These tests shall be applicable to polymeric materials used as a cabinet, structural part, or an
enclosure. These polymeric materials shall be tested for strength in locations judged most likely to fail

under

impact on samples in the as received condition.

69.3 A cabinet, structural part or an outer enclosure shall withstand an impact of 6.8 J (5 ft-Ib).
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Exception: Cabinets of indoor units intended to guard against moving parts shall withstand an impact of 2
J (1.5 ft-Ib).

69.4 Aninternal structural part or an internal enclosure shall withstand an impact of 2 J (1.5 ft-Ib).

69.5 With reference to Clauses 69.3 and 69.4, the application of an impact from a steel ball 51 mm (2 in)
in diameter and weighing 0.53 kg (1.2 Ib) shall be applied. This steel ball shall be suspended by a cord and
allowed to swing as a pendulum or allowed to fall freely from a height of 1290 mm (50.8 in) for a 6.8 J (5 ft-

Ib) impact and a height of 380 mm (15 in) fora 2 J (1.5 ft-Ib) impact.

69.6 The steel ball shall not impact the surface more than once in the same location.

69.7
2°C (m

Equipment intended for outdoor use shall comply with the resistance to impac
nus 31°F £ 3.6°F) in CAN/CSA-C22.2 No. 0.17 and UL 746C.

70 Sfrength tests

70.1

These tests shall be applicable to those refrigerant-containing parts and hot w4

that ar¢ required to comply with the strength requirements specified in’ Clause 34.

Excepf
require

70.2
followin
enclos

70.3
conneq
is reac

70.4

70.5
leakag
cent of

70.6
tubing,

ments of Clause 68.

['wo samples of each refrigerant-containing part shall be tested, except that onl
g need be tested on liquid chillers emplaying centrifugal motor compressors
Iire, volutes, cross-over pipe, condenserand evaporator, and the equivalent.

The test samples shall be filled with any inert liquid, such as water, to exclug
ted in a hydraulic pump systenmi..-The pressure shall be raised gradually until th
ned, and shall be maintained-fer 1 min.

he test pressure required shall be computed in accordance with Clauses 34.4 g

Parts shall be considered to comply with the requirement if they do not burst
b at gaskets shall not be considered a failure if the leakage occurs at a pressure
the requiredtest pressure.

WVith reference to Clauses 70.1 to 70.5, sections of the refrigerant system constr
or oflengths of tubing connected by hard soldered brazed or welded joints, sha

test at minus 35 +

ter and steam coils

jon: Pressure-actuated refrigeration controllers andcrankshaft seals are not required to meet the

one sample of the
motor-compressor

e air, and shall be
b required pressure

nd 34.8.

br leak, except that
greater than 40 per

Lcted of continuous
Il be considered as

meetin

the Tequirements, providedthe tubing emptoyedim the assembty meets the

requirements of Table 34.1.

71

Fatigue test analysis

General

711

inimum thickness

These tests shall be applicable to those parts or the complete system that contains refrigerant and

that are required to comply with the strength requirements specified in Exception No. 3 of Clause 34.3.
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Test Specification

71.2 When tested in accordance with Clause 71, a part or a complete system shall have sufficient
strength to withstand the pressure strength test requirements specified in the Strength tests, Clause 70.
The test pressure utilized for Clause 70 shall be the higher of:

a) Two times the maximum normal working pressure, see Clause 34.8,

b) Two times the maximum abnormal pressure developed (or setting of the pressure limiting
device), see Clause 34.9,

c¢) Three times the minimum design pressure specified in Table 85.1, or

d) Two times the start-to-discharge value of the pressure-relief valve for.eg
utilize carbon dioxide (R744) in a secondary loop or a cascade system;or €
high-side of a transcritical system.

lipment intended to
quipment not in the

Mater{al Specifications

71.3

refere
specifi
proceq

General Test Specifications

71.4

specifi
test m
shall b

71.5

Materials used in the pressure containment system and subjected to this test g
nce to an industry standard material specification, suclihas ASTM, SAE, Al
ed by the manufacturer. Joining methods shall bel§pecified by materials,
s specifications, or the equivalent.

Three samples of each refrigerant-containing part shall be tested at the cyq
ed in Clauses 71.10 and 71.13 for the-number of cycles specified in Clause 71.9
ethod, Clauses 71.6 and 71.7. At the manufacturer's option, three samples of t
e used for the test.

The samples shall be considered to comply if they comply with Clause 71.8 at t

hall be identified by
51, and the like, as
the manufacturer's

lic pressure values
, as described in the
he complete system

he completion of the

test and if they do not rupture, burst, or leak.

Test Method

71.6

The p
the m
pressy
0.1s.

The test samples shall be filled with inert fluid, and shall be connected to a pres
lessure shall be raised and lowered between the upper and lower cyclic values 3

nufaeturer. The full specified pressure excursion shall occur during each cycl
rescycle shall be such that the upper and lower pressure values shall be m3

sure driving source.
t a rate specified by
2. The shape of the
intained for at least

NOTE: For safety purposes, it is suggested that the inert fluid described in Clause 71.6 should be a hydraulic fluid. The fluid should
completely fill the part, displacing all of the air.

71.7 Material such as steel, copper, and aluminum have fatigue properties that are practically
independent of temperature at the continuous operating temperatures normally encountered under the
operating temperature conditions and internal system temperatures of the unit. If the continuous operating
temperature is less than or equal to 121°C (250°F) for copper or aluminum or 204°C (400°F) for steel, the
test temperature of the component part or assembly shall be at least 20°C (68°F). If the continuous
operating temperature of the component exceeds 121°C (250°F) for copper or aluminum or 204°C (400°F)
for steel, the test temperature of the parts or assemblies that are at these temperatures, and subjected to
the pressure, shall be at least 149°C (300°F) for copper or aluminum and 260°C (500°F) for steel. For
other materials or higher temperatures, the effects of temperature on the material fatigue characteristics
shall be evaluated.
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71.8 Following the specified number of test cycles, the test pressure shall be increased to the highest
amount specified in (a) or (b) below. After the pressure is raised, the test value shall be maintained for 1

min wit

hout rupture, burst, or leak.
a) Two times the minimum upper pressure values specified in Clause 71.13; or

b) One and one-half times the marked or accepted pressure rating required in C

Test parameters

lause 44.3(k).

71.9 The number of cycles shall be 500,000. The test pressure of the first cycle of the test shall be
determined by Clause 71.10. The test pressure for the remainder of the test shall be determined by Clause

71.13.

71.10
identifig

71.11
pressu
higher
71.12
Cycle

71.13
follows

Except as specified in Clause 71.11, the test pressure for the first cycle sh
bd in Clause 71.2 prior to multiplying by three.

If the high-side maximum design pressure for the equipment*equals or ¢
re of the refrigerant, then the upper pressure of the high-side parts during the fir
Of either the equipment maximum abnormal pressure or maximum design press

In reference to Clause 71.11, the critical pressure of R-744 is 7,295 kPa (1,058
est pressure specification

Except as specified in Clause 71.14, thé.pressure for the remainder of the teg

a) Except as indicated in Items-~(c) and (d), for components subject to high-
upper pressure value shall not b€ less than the saturated vapor pressure of the
(120°F), and the lower pressure value shall not be greater than the saturated va
refrigerant at 4.4°C (40°F);

b) Except as indicated in Items (c) and (d), for components subjected to only
the upper pressure value shall be not less than the saturated vapor pressure
26.7°C (80°F),"and the lower pressure value shall be between 0 psig and the
the saturatédiapor pressure of the refrigerant at minus 12.2°C (10°F).

c) Forcomponents used in equipment intended to utilize carbon dioxide (R744)
or.cascade system, or in the low-side of a transcritical system, the upper pres
be. less than the start-to-discharge value of the pressure-regulating relief valve.

bll be the pressure

xceeds the critical
5t cycle shall be the
ire.

psig).

t cycles shall be as

bide pressures, the
refrigerant at 49°C
por pressure of the

ow side pressures,
of the refrigerant at
greater of 5 psig or

n a secondary loop
sure value shall not
The lower pressure

shall be not more than 690 kPa (100 psig).

d) For components used in equipment intended to utilize carbon dioxide (R-744) in portions of a
transcritical system designed for operation at pressures between the low-side and high-side of the

system, the upper pressure value shall not be less than start-to-discharge va
relief valve. The lower pressure shall be not more than saturated vapor pressu
at 10°F (minus 12°C). For R-744, this value is 2.4 MPa (345 psig).

lue of the pressure
re of the refrigerant

Note 1: The objective is to avoid a test value that is a negative pressure but to require a lower pressure value of the saturated vapor
pressure at-12.2°C (10°F) or 5 psig, whichever is greater.

Note 2: For zeotropic mixtures, the average of the dew point pressure value and the bubble point pressure value at the specified
temperature is used as the saturated vapor pressure value.
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71.14 If the high-side design pressure of the equipment equals or exceeds the critical pressure of the
refrigerant, then the upper pressure for the remaining cycles shall be not less than 95 percent of the higher
of either the maximum abnormal pressure or the maximum design pressure of the equipment.

71.15 Inreference to Clauses 71.11 and 71.14, the lower pressure for all cycles shall not be greater than
the saturated vapor pressure of the refrigerant at 40°F (4.4°C). For R-744, this value is 4.0 MPa (580

psig).

72 Rupture member tests

721 This test shall be applicable to devices, the marking of which has not been verified by a recognized
testing-agency.

72.2 |The rupture member shall burst at a pressure within 5 percent of its set bursting|pressure.

72.3 |The set pressure is considered to be the minimum marked bursting” pressufe plus one-half the
differepce between the minimum and maximum marked bursting pressures.

72.4 |Three samples of each size shall be tested as follows:, each sample shall{be connected to a
convehient source of fluid pressure, and the pressure increaséd until rupture occurg. After the pressure
reachgs 90 per cent of the minimum marked bursting pressure, the rate of pressure ipcrease shall be not
faster than 5 percent of the minimum marked bursting preSsure per minute.

73 Fusible plug test
73.1 [This test shall be applicable to devices not’covered by a separate component standard.

73.2 |A fusible plug shall function within=5.6°C (10°F) of its marked temperature rating, when tested in
accordance with Clause 73.3.

73.3 |Three samples shall be fested as follows:

a) the samples shall*be attached to a length of coiled copper tubing not lesg than 3.1 m (10 ft)
within which air.pressure not less than 276 kPa (40 psig) is maintained;

b) the coil @and’test sample shall be immersed in a fluid, the temperature of whjich is raised slowly;
and

c)the relief temperature shall be considered to be that temperature at which gomplete blowout of
the fusible element occurs.

74 Regulating relief valve endurance test

74.1 This test applies to pressure-regulating relief valves which can be used on equipment using carbon
dioxide (R744) in a secondary loop, cascade, or transcritical system.

74.2 Three samples of the valve shall be tested. Each sample shall be connected to a gas source, such
as air, carbon dioxide, or nitrogen, but oxygen or any flammable gas shall not be used. The sample shall
be immersed in water, and the pressure shall be gradually increased until the valve starts to discharge, as
evidenced by the occurrence of bubbles in the water.

74.3 The average of the initial three start-to-discharge pressure values shall be used as a reference, and
this average value shall not exceed the marked setting of the regulating relief valve. Also, each individual


https://ulnorm.com/api/?name=UL 1995 2022.pdf

140 CSA C22.2 No. 236-15 ¢ UL 1995 AUGUST 1, 2022

sample shall have a start-to-discharge pressure within +7% of the marked setting of the regulating relief
valve.

74.4 The same three test samples shall then be cycled 300 times between the start-to-discharge
pressure and any lower pressure such that no air is discharged through the test samples.

74.5 At the conclusion of the test, the start-to-discharge pressure obtained on the final cycle for each of
the three test samples shall be averaged and compared to the initial referenced value. The final averaged
value shall be within 7% of the initial averaged reference value, and each individual sample valve shall

have a start-to-discharge pressure within £10% of the marked setting of the regulating relief valve.

75

75.1
in acco

75.2
to havd
than s

75.3
evalua
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75.6

Leakagecurrent test - cord-connected products

The leakage current of a cord-connected unit shall be no more than 0.75_millian
rdance with Clauses 75.8 — 75.10.

Cord-connected equipment that complies with both of the Items (&) and (b) belo
a leakage current from simultaneously accessible parts to the grounded supp
ecified in Clause 75.1, but in no case shall the leakage currentbe greater than 3

a) The product requires EMI suppression filtering for cempliance with FCC regu

b) The product is equipped with a grounding-type supply cord and plug.

Components are considered to be in compliance with Clause 75 if they
ed to and comply with other UL or CSA standards that contain a leakage curren

| eakage current refers to all currents, including capacitively-coupled curre
ed between exposed conductive surfaces of a unit and ground or other €
S.

Al exposed conductive ‘'surfaces shall be tested for leakage currents. The lea
urfaces shall be measured to the grounded supply conductor individually as wel
ne surface to another where simultaneously accessible. Parts are conside
s unless guardedby an enclosure providing protection in accordance with Cla

at the sametime. These measurements do not apply to terminals operating at
ered to be)low-voltage.

f\a)conductive surface other than metal is used for the enclosure or part of]

hperes when tested

v may be permitted
ly conductor higher
.5 milliamperes.

ations.

nave already been
test.

nts, which can be
xposed conductive

kage currents from
| as collectively and
ed to be exposed
ise 5. Surfaces are

bred to be simultaneously accessible when they can be readily contacted by ong or both hands of a

voltages which are

the enclosure, the

leakage current shall be measured using metal foil with an area of 3.9 by 7.8 inches

100 by 200 mm) in

contact with the surface. Where the surface is less than 3.9 by 7.8 inches, the metal foil shall be the same
size as the surface. The metal foil shall not remain in place long enough to affect the temperature of the
unit.

75.7 The measurement circuit for leakage current shall be as shown in Figure 75.1. The measurement
instrument is defined in (a) — (c) and, unless it is being used to measure leakage from one part of the unit
to another, the meter shall be connected between the accessible parts and the grounded supply
conductor. The meter which is actually used for a measurement need only indicate the same numerical
value for a particular measurement as would the defined instrument. The meter used need not have all of
the attributes of the defined instrument.

a) The meter shall have an input impedance of 1500 Q resistive shunted by a capacitance of 0.15
MF.
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