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INTRODUCTION
1 Scope

1.1 These requirements cover unit coolers intended for use in refrigerators, freezers, refrigerated
warehouses, walk-in coolers, and the like. They are designed for connection to alternating current (ac)
circuits rated not more than 600 volts.

1.2 These requirements do not apply to fan-coil units intended for comfort cooling, heating, or both, or to
other air-conditioning equipment or components covered by individual requirements.

1.3 Requirements for installation of unit coolers are included in the National Electrical Code, NFPA 70,
and the Safet ACHDAL © o

3 Al
MU TTIALL idarnivudiru 1J.

(aX} al oL £ Raofe: 'y o toana

JlAriuaru 1ol IlUIIIyUIGlIUII UyOlUIIIO,
2 General
2.1 Units of measurement

2.1.1 If a vall second value

may be only g

e for measurement is followed by a value in other units in_paréntheses, the
pproximate. The first stated value is the requirement.
2.2 Undated [reference

2.2.1 Any undated reference to a code or standard appearingin the requirements of this standard shall

be interpreted] as referring to the latest edition of that code ‘o standard.
3 Glossary

3.1 For the plrpose of this Standard, the following definitions apply.

3.2 ACCESS
connection to
It may be fact

3.3 BARRIEH
from flammab

3.4 CABINET
enclosures, n

DRY — An optional electrical-device or other component intended for ins
a unit cooler for the purpose of modifying or supplementing the functions of t
bry installed or intended*for installation by service personnel.

— A partition for isolating high-voltage electrical components, separating ig
e materials, iselating moving parts and protection of wiring.

[ — Thepart of the equipment that provides physical protection to ins

cause injury tT persons.

tallation in or
he unit cooler.

nition sources

ulated wiring,

oving ‘parts, motors, enclosed electrical parts, refrigeration tubing or other parts that may

3.4.1 CAPACITOR, CLASS Y — Capacitor or resistor-capacitor unit of a type suitable for use in situations
where failure of the capacitor could lead to danger of electric shock. (Examples would include capacitors
connected across the primary and secondary circuits where electrical isolation is required to prevent an
electric shock or between hazardous live parts and accessible parts.)
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3.5 CAPILLARY TUBE — Device made of tubing with an outer diameter of less than 3/16 in. (4.7 mm) and
used to reduce the pressure of the refrigerant between the condenser and evaporator. It also regulates
the refrigerant flow.

3.6 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 may not be
readily achieved with a single refrigeration cycle.

3.7 CIRCUITS, ELECTRICAL —

a) Extra-Low-Voltage — A circuit that has an AC potential of not more than 42.4 V peak (30 V
rms), and power of 100 VA or less; or a 30 V dc circuit:
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1) Supplied by a primary battery,

2) Supplied by a Class 2 transformer, or

3) Supplied by a combination of a transformer and fixed impedance that, as a unit,

complies with all the performance requirements for a Class 2 transformer.

A circuit that is derived from a circuit that exceeds 30 V by connecting resistance or impedance,
or both, in series with the supply circuit to limit the voltage and current, is not an extra-low-
voltage circuit.

b) High-Voltage — A circuit involving a potential of not more than 600 volts and having circuit

chara

3.8 COMPON
standard dedi
installed (e.g.
compose a d

Generally, components are incomplete in construction features or restrictédvin performang

Such compo
temperatures

3.9 CONTRO

3.10 CONTR
regulates the
thermal cutou
to persons, ig
controls”. App|
shock or injur

3.11 CONTR
reduce the ri
abnormal ope
relied upon fo
also referred t
conditions. A(
shock or injur

3.12 CONTR

'3 e H £+l £ 'S 1 14 H H S
PTCTTISTC ST CACCSS 0T thoSTOT AT CAT SOV v OTtage—on Ut

tated to that purpose. When incorporated in a unit cooler, equipment-otherwis
luminaire) is considered to be a component. Unless otherwisehspécified,
bvice or fabricated part, such as aluminum or copper, are not*considered

nents are intended for use only under specific, limited “conditions, su
hot exceeding specified limits.

L, DEFROST CYCLE — A control that is intended\to regulate a normal defro

DL, OPERATING — A device or assembly_of devices, the operation of w
end product during normal operation. For‘example, a thermostat, the failu
limiter or another layer of protection would mitigate the risk of electric shock
considered an operating control.. @perating controls are also referred to
endix B specifies control functions-that are not considered to result in a risk
to persons.

DL, PROTECTIVE — A device or assembly of devices, the operation of which

bk of electric shock, fire=or injury to persons during normal and reasonal

ration of the appliance. For example, a thermal cutout/limiter, or any other

normal and abnormal conditions, is considered a protective control. Protecti

b as “limiting cantrols” or “safety controls” and are investigated under normal g

pendix B speegifies control functions that are considered to result in a risk
to persons:

DL, ~TEMPERATURE-LIMITING — A control which serves to prevent excessiv

ENT — A device or fabricated part of the unit cooler covered by thé€“scope of a safety

e typically field
materials that
components.
e capabilities.
ch as certain

5t cycle.

hich starts or
re of which a
, fire, or injury
as “regulating
of fire, electric

is intended to
ly anticipated
control/circuit
e controls are
nd single-fault
pf fire, electric

e temperature

and is not intq

nded to function during normal defrost cycle.

3.13 DESIGN PRESSURE — The maximum acceptable working pressure for which a unit cooler is

designed.

3.13.1 ELECTRONIC COMPONENT — A part in which electrical conduction is achieved principally by
electrons moving through a vacuum, gas or semiconductor. A Metal Oxide Varistor (MOV) is considered

to be an elect

ronic component, but neon indicators are not.
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3.13.2 ELECTRONIC DISCONNECTION — The de-energizing of a load within an appliance by an
electronic device of a circuit. No electro-mechanical component having an air gap, such as a switch,
contactor or relay is used to de-energize the load.

3.14 ENCLOSURE — The part of the equipment that does one or more of the following:

a) Isolates ignition sources,

b) Renders inaccessible all or any part(s) of the equipment that may otherwise present a risk of

electri

¢ shock,

¢) Retards propagation of flame initiated by electrical disturbances occurring within.

3.15 FUNCTI
relative physiq

DNAL PART — A part other than an enclosure or cabinet used to maintain
al position of fixed or moving parts, or maintain the integrity of the structure.

the intended

3.15.1 GROUNDING, FUNCTIONAL - Grounding of a point in an appliance which is ng¢cessary for a

purpose other
3.16 IGNITIO
3.17 NONFU

3.18 NONFU
m2) located s

source of ignifion to the other ignitable parts.

3.19 PRESSL
intended for
secondary log
setting of a p
system.

3.20 PRESS
automatically

3.21 PRESSL
and designed

3.21.1 PROT

than safety.
N SOURCE — Any high-voltage electrical component not focated within an e
NCTIONAL PART — A part of the equipment that de€s not perform a specific

NCTIONAL PART, SMALL — A nonfunctional patt having an area of less thg
b it cannot propagate flame from one area_te~another, and does not conn

use with refrigeration systems utilizing carbon dioxide (R744) as the rg
p or cascade system. The pressure relief setting of this valve is always lower
ressure relief valve. This valve may open and re-close many times during

JRE RELIEF DEVICE — A pressure actuated valve or rupture membe
relieve excessive/pressure.

JRE RELIEEVALVE — A pressure actuated valve held closed by a spring o
to automatically relieve pressure in excess of its setting.

ECTIVE ELECTRONIC CIRCUIT (PEC) — An electronic circuit that prevents

hclosure.
function.

n 1 ft2 (0.093
bct a possible

JRE REGULATING RELIEF VALVE & Similar to a pressure relief valve except specifically

frigerant in a
than the relief
the life of the

designed to

r other means

a risk of fire,

electric shock

orJhjury to persons under abnormal operating conditions.

3.22 SECONDARY LOOP — A piping circuit containing a fluid circulating within the circuit. The fluid
transfers heat from a unit cooler to a colder heat exchanger located within the circuit. The circuit normally
includes a circulating pump as well as other associated fittings. Such a circuit is considered to be
equivalent to the low-side parts that are located in a refrigeration system.
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3.283 START-TO-DISCHARGE PRESSURE — The pressure at which a relief valve begins to discharge,
typically the pressure where the first bubbles can be seen when a valve is immersed in water.

3.23.0 SWITCH MODE POWER SUPPLY UNIT — Electronic device incorporating transformer(s) and
electronic circuitry(ies), that converts electrical power into single or multiple power outputs by rapidly
switching a solid-state device on and off. It may also isolate the input circuit from the output circuit and
regulate and/or convert the output voltage and current. The device may consist of one or more individual
units with identical or different waveforms and frequencies including dc output.

3.23.1 THERMISTOR — A thermally sensitive semiconductor resistor, which shows over at least part of
its resistance/temperature characteristic a significant non-linear change in its electrical resistance with a
change in temperature. A thermistor may be either of the positive temperature coefficient (PTC) type or of
the negatlve t‘ III'JUIG.{UIU UUUﬁ;U;UI It (:\‘IITC) t_y}JU.

3.24 ULTIMAJTE STRENGTH — The highest stress level which a refrigerant-containing component can
tolerate withodit rupture.

3.25 UNIT COOLER — A direct-cooling, factory-made encased assembly, including a copling element,
fan(s) and mator(s). It may also incorporate means for defrosting of the coeling element.

3.26 VESSEL, PRESSURE — Any refrigerant-containing receptacle-of‘a refrigerating system, other than
evaporators [[each separate section of which does not exceed 1/2 cubic foot (§.014 m?3) of
refrigerant-comtaining volume], evaporator coils, compressors, ‘condensers coils, controls| headers and

piping.

3.27 VOLTAGE FOLDBACK — A circuit design feature“intended to protect the power |supply output
transistors. When overcurrent is drawn by the load, the*supply reduces the output voltage jand current to
within the saf¢ power dissipation limit of the output:transistors.
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4 Installation and Operating Instructions

4.1 A unit cooler shall be provided with instructions containing directions and information which the
manufacturer considers necessary for installation, use, and maintenance of the unit cooler.

4.2 A copy of the manufacturer's operating and installation instructions, or equivalent information
intended to accompany each unit cooler, is to be furnished with the sample submitted for investigation.
These instructions are to be used as a guide in the examination and test of the unit cooler. For this
purpose, a printed edition is not required initially if rough draft instructions or information as to what the
instructions will include are submitted for review as part of the investigation.

4.3 A unit cooler intended to utilize carbon dioxide (R744) in a secondary loop or a cascade system shall
provide instrugtions-adicating-that:

a) If the refrigerating system is de-energized, venting of the R-744 through the prassure
reguldting relief valves in the system can occur. In such cases, the system may nged to be
rechafged with R744, but in any case, pressure regulating relief valve(s).afe not tq be defeated
or cafjped. The relief setting shall not be altered; and
b) A sufficient number of pressure relief and pressure regulating relief valves may[need to be

provided based on the system capacity and located such that no stop valve is proyided
between the relief valves and the parts or section of the system being protected.

CONSTRUCTIJION

5 Components

5.1 A component shall:
a) Cdmply with the safety standard egvering that component;
b) Bel 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) Cdmply with the applicable requirements of this end product standard; and
e) Ngt contain‘mercury.

Exception: 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, or

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

c) Is separately investigated when forming part of another component, provided the component
is used within its established ratings and limitations.
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5.2 A component that is also required to perform other necessary functions, such as overcurrent
protection, ground-fault circuit interruption, surge suppression, any other similar functions, or any
combination thereof, shall comply additionally with the requirements of the applicable standard(s) covering
products that provide those functions.

6 General

6.1 Ferrous metal parts used to support or retain electrical components in position shall be protected
against corrosion by metallic or nonmetallic coatings, such as plating or painting.

6.2 All nonmetallic parts except for small nonfunctional parts shall comply with Sections 8 — 10, and Table
48.1.

6.3 In additiop to the requirement in 6.2, nonmetallic materials that serve as electrical idgulation or that
directly suppdrt live parts shall comply with the requirements for electric insulation(in the Standard for
Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

7 Gaskets and Seals

7.1 If a unit dooler uses gaskets or seals for compliance with any of the Tequirements in|this standard,
the gaskets of seals shall comply with the Standard for Gaskets and Seals, UL 157.

8 Nonmetallic Material Classification

8.1 Materials|shall be classified with respect to flammability”characteristics that are established by the
tests specified in the Standard for Tests for Flammability’ of Plastic Materials for Parts in Devices and
Appliances, UL 94.

8.2 Materials [shall be assigned flammability ratings based on greatest to least resistance to|flame and are
identified as: $VA, 5VB, V-0, V-1, V-2, HF-1xHF-2, HB, and HBF.

8.3 In reference to 8.2, the assigned flammability rating shall comply with Nonmetallic Material — Ignition
Source Separption, Section 9 and Table 48.1.

9 Nonmetallic Material — Ignition Source Separation
9.1 Parts formed from nonmetallic materials that are rated HB or HBF and positioned as shown in Figure

9.1 shall be separatedifom ignition sources by means of a barrier, extending at least to| the boundary
surface of the|space.whenever such parts are located:

a) Belowan ignition source and within Space A,

b) Above an ignition source and within Space B, and

c) In the vertical plane relative to an ignition source and within Space C.
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Figure 9.1
Separation of ignition sources from nonmetallic materials
CABINET,
OﬁTER
T ENCLOSURE, —=f
300/(\ | OR PART | /l\soo
\ | | /
*\\ // BARRIER
X \=— SPACE B—,
+ \ /
== - - CABINET
\ / !
MINIMUM | DISTANCE /<\ \ T i 7 outer
BETWEEN] IGNITION \ - ENCLQSURE,
SOURCE |AND OUTER Yo ~77 SPACE OR PART
ENCLOSURE = X + Y \)}Q/ A
YA
IGNITION SOURCE(S)” | k\\ L
Z DN

BARRIER— !' ll \
SPACE A’\é_;{'\
o™ A MINIMUM STRAIGHT — LINE

o h S DISTANCE BETWEEN IGNITION

\\ SOURCE AND OUTER
CABINET,

ENCLOSURE OR RART = Z

OUTER
ENCLOSURE,
OR PART
S2514C
Notes:

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

Space B — Represents the volume above the ignition source determined in the same manner as Space A, except that the angle is
30 degrees from the vertical.
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9.2 The HB or HBF materials shall be located such that the distance between:

a) High-voltage wiring not employing VW-1 insulation and the HB or HBF materials shall be a
minimum of 2 inches (51 mm), and

b) Any other ignition source and the HB or HBF materials shall be a minimum of 4 inches (102
mm).

9.3 In reference to the measurement of the separation of ignition source indicated in 9.2, the minimum
distance for HB or HBF materials located:

a) Above the ignition source shall be as shown in Figure 9.1, Distance X + Y; and

b) In the vertical plane relative to the ignition source shall be as shown in strajghtiline Figure
9.1, Distance Z.

10 Nonmetallic Material Application and Location
10.1 Nonmetallic materials shall comply with the tests determined as described in Table 48.1.

10.2 Nonmetallic fasteners used as part of the enclosure shall comply-with the Fastener Strength Test,
Section 69.

10.3 Thermal|insulation located between a cabinet and innerfiner of a unit cooler shall be|rated HF-1 or
the unit cooler shall comply with (a) and (b) as follows:

a) Alllholes within the cabinet and inner linen shall be closed unless:

1) No more than two openings ‘are provided,

2) The total opening area*does not exceed 1 in? (645.2 mm?), and
3) Wiring is not routed-through the opening(s).

b) The enclosure surfaces shall be securely fastened such that the maximum spaging between
screwp, spot welds, orjother securement means does not exceed 6 inches (152.4 mm).



https://ulnorm.com/api/?name=UL 412 2018.pdf

AUGUST 22, 2011 REFRIGERATION UNIT COOLERS - UL 412 13

11 Assembly

11.1 Mechanical protection

11.1.1 Louvers and other openings shall be constructed and located to reduce the risk of unintentional
contact with moving parts and hot surfaces that may cause injury. In determining compliance with this
requirement, parts, such as covers, panels, or grilles shall be removed unless tools are required for their

removal.

11.1.2 The requirement of 11.1.1 does not apply to parts, such as covers, panels, or grilles which serve
as guards provided:

a) Aw

b) The part is intended to be removed only by an attendant or serviceman;.and
c) The part is secured by four or more fasteners or a combination of two such fasteners and
two hinges, two tabs, or the like. Disengagement of any one of the fasteners, hinges or tabs of
a guafd shall not result in exposure of moving parts or hot parts.
11.1.3 With rg¢ference to the fasteners in 11.1.2(c):

a) Fapteners shall require manual operation such as a‘push, pull, or turning action to
disengage. Magnetic catches and friction-type fastenéts such as clips are not intended for this
application.

b) Digengagement of any one of the fasteners,*hinges or tabs of a guard shall nof result in
exposure of moving parts or hot parts.

11.1.4 Fasterjers shall be subjected to the Fastener Strength Test, Section 69, when they|are used to:
a) Secure parts required to maiftain electrical spacings,
b) Rgduce the risk of unintentional contact with moving parts and hot surfaces, or
c) Engage a nonmetallic part.

11.1.5 The rgtor of a_motor, a pulley, a gear, a belt, a fan blade, or other moving part shall be guarded

or enclosed sp that the’minor dimension of any opening does not exceed the values indidated in 11.1.6
or 11.1.7.

11.1.6 A fan blade employing a guard with openings having a minor dimension less than 1 inch (25.4 mm)
shall be guarded such that the probe illustrated in Figure 11.1 cannot contact any part of the fan blade
when inserted through openings in the guard with a force of 2.5 pounds (11.1 N).


https://ulnorm.com/api/?name=UL 412 2018.pdf

14 REFRIGERATION UNIT COOLERS - UL 412 AUGUST 22, 2011

Exception: The probe illustrated in Figure 11.1 may contact the ftrailing edge of a fan blade if the
relationship between weight (w) in pounds, radius (r) in inches and speed (n) in revolutions per minute of
the fan blade is such that K in the equation:

K =6 x 107 (wrPn)

is less than 100.

Figure 11.1
Probe for fan blades

Any Convenient Length —=

T

— 1/8"R (3.2 mm) |

-

1/2" Dia, (12.7 mm) (215"4Dir$1'm
R .

N

e

3-1/2" (88.9 mm)———wt

PA 160

11.1.7 A fan blade employing a guard with openings having a minor dimension 1 inch (25.4mm) or larger,
and any otherfmoving part shall be guarded such that the distance from an opening to the moving part is
in accordancg with Table-11.1. The minor dimension shall not, in any case, exceed 3 inches (76.2 mm).
For an opening having_a minor dimension intermediate between two of the values shown i the table, the
distance from [the.opening to the moving part shall not be less than that found by appropriate interpolation
between the gotresponding values in the right column of the table. The minor dimension ¢f the opening
is determined Dby the Targest hemispherically tipped cylindrical probe that can be inseried through the
opening with a force of 2.5 pounds (11.1 N).
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Table 11.1
Clearance from openings
Minor dimensions of opening®¢ Minimum distance from opening to moving part®
Inches (mm) Inches (mm)
1/4 (6.4) 3/8 (9.5)
3/8 (9.5) 1-1/4 (31.8)
1/2 (12.7) 2 (50.8)
3/4 (19.1) 3-5/8 (92.1)
1 (25.4) 5-1/4 (133.4)
1-1/2 (38.1) 8-3/8 (212.7)
2 (50.8) 11-5/8 (295.3)
Ovgr 20 (Over 50.8) 30 (762.0)
2 Openings legs than 1/4 inch (6.4 mm) are not to be considered.
b But not more than 3 inches (76.2 mm). See 11.1.7.
¢ Also applies fo hot parts. See 11.1.9.
d For fan bladd guards that have openings with minor dimensions less than 1 inch see 11.1.7.
11.1.8 A movjng part is not to be considered when judging compliance«with 11.1.5, 11.1.6] and 11.1.7 if:
a) The part is unlikely to be contacted through the opening because of the locatiop of fixed
components, including baffles, or

b) Th

11.1.9 When
Defrost Test,
be guarded in

Exception: T
exceed the te
fins of the ev4

a) Th
heate
76.7,

b) TH
accor

e part is made inoperative when exposed through the use of interlocking dey

tested according to the Temperature Test — Cooling Mode, Section 50, ar
Bection 51, surfaces which exceed the:temperature rises of Table 50.1(d)(2) 3
accordance with 11.1.5 - 11.1.7.

he sheath of a defrost heater,|\which is not guarded in accordance with 11.1.3
mperature permitted by Table 50.1 (d)(2) and (d)(3) if the heater is in direct ¢
porator coil for the exposed length of the heater and:

e unit cooler is intehded for installation such that the lowest part of the expo
ris 7 feet (2.1 m) or more above floor level and is marked in accordance wit
or

e unit-caooler is for use with a walk-in cooler or refrigerated warehouse and i
Hancewith 76.6 and 76.7.

ices.

d the Electric
nd (d)(3) shall

—11.1.8, may
bntact with the

ced defrost
h 76.5 and

b marked in

11.1.10 A heafer element, as installed in the complete unit cooler, shall be protected agair

damage. A co

pper or steel sheath that:

a) Is at least 0.016 inches (0.41 mm) thick, or

st mechanical

b) Cannot be contacted when the probe illustrated in Figure 11.2 is inserted with a force of 5
pounds (22.2 N),

is considered

as protected against mechanical damage.
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11.2 Protecti

11.2.1 Louve
contact with u

Figure 11.2
Probe

D = 3/8" (9.5mm)
+

T,

3/16" (4.8mm)

R

(101.6mm)

— Any Convenient
Length

3/4"

(19.1mm)
PA170A
jon from live parts

s and other openings shall be constructed and located to reduce the risk
hinsulated high-voltage live parts. Parts, such as covers, panels, or grilles sha

unless tools afe required for their removal_or an interlock is provided.

11.2.2 If an

illustrated in H
shall not touctH
grilles, screen

bpening will not permit. the entrance of a 3/4 inch (19.1 mm) diameter r|
gure 11.2 shall nofteuch any uninsulated live parts, and the probe illustrated
any film coated wire when inserted through the opening. The probe shall no
5, louvers, onthe' like, when a force of 5 pounds (22.2 N) is applied.

of accidental
Il be removed

bd, the probe
in Figure 11.3
pass through
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Figure 11.3
Probe

D = 1/2" (12.7mm)

+

rh/— R = 1/4" (6.4mm)

N

(101.-r6mm)

— Any Convenient
Length

(19.1mm)

PA170B

11.2.3 If an opening permits the entrance of a 3/4 inch (19.1 mm) diameter rod, the conditions described
in Figure 11.4(shall be used in determining compliance with the requirements. The minor dimension of the

opening shall |not exceed 1 inch (25.4 mm) in any case.
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Figure 11.4
Openings near uninsulated live parts

/ 7

> -

V5

B——

ENCLOSURE OPENING

SECTION A-A

LIVE PART N

SECTION B-B
T T /=
\ ]
\ /
\ Y
S~ ~
—1

LIVE PART

EC100A

An opening is acceptable if there is no uninsulated live metal part or enamel-insulated wire:

a) Less than X inches (mm) from the perimeter of the opening, as well as

b) Within the volume generated by projecting the perimeter X inches (mm) normal to its plane. X equals five times the
diameter of the largest diameter rod which can be inserted through the opening, but not less than 4 inches (102 mm).
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11.2.4 In addition to the requirements of 11.2.1 — 11.2.3, uninsulated live parts which are likely to be
contacted by persons performing operations, such as replacing fuses, resetting manual-reset devices,
oiling motors, or other such service operations, shall be located, guarded, or enclosed to reduce the risk
of accidental contact unless tools are required to expose the live part. See 77.2.

11.2.5 A fuseholder shall be installed or protected so that adjacent uninsulated high-voltage live parts,
other than the screw shell of a plug fuseholder, cartridge fuse clips, or wiring terminals to the fuseholder,
will not be exposed to contact by persons removing or replacing fuses. A barrier of vulcanized fiber or
similar material employed as a guard for uninsulated high-voltage live parts shall be not less than 1/32
inch (0.8 mm) in thickness. A separation less than 4 inches (102 mm) from the insulating body of a fuse
is considered to be adjacent.

11.2.6 Electri 5 ninsulated live

parts by liquids due to

accumulation, overflow, splashing, leakage, or defrost.

11.2.7 With r

Accordingly, €
turns, return b
the like.

11.2.8 A condlensate pan shall be constructed and located so thai-overflow due to a blo

not wet unins

condensate pan may be acceptable for preventing dripping of water on electrical parts. The

Section 54, is
11.3 Mountin

11.3.1 A swit
shall be prevg

11.3.2 The rdg
conditions are

a) Th
switch
the sv

b) Th

c) Th

¢gard to 11.2.6, it is assumed that drippage may occur from any portion of t

lectrical components located beneath any portion of the evaporator.including
ends, fins, end plates and inlet and outlet tubes will require theltise of barri

Ilated live parts or enameled wire. An overflow spodt;‘drain hole, cutout, or
to be conducted if it is not evident that the unit.¢ooler complies with this req
g of parts

Ch, grounding lug, terminal board,.qp,Similar component shall be secured i
nted from turning. See 11.3.2 — 11.3.4.

quirement that a switch be prevented from turning will be waived if all of
met:

e switch is of a plunger or other type that does not tend to rotate when oper
is considered tobe' subject to forces that tend to turn the switch during the
itch,

£ means.ef-mounting the switch make it unlikely that operation of the switch

b spacings are not reduced below the minimum required values if the switch

he evaporator.
tubing, hairpin
brs, baffles, or

tked drain will
he like, in the
Dverflow Test,
Lirement.

h position and

the following

hted. A toggle
pperation of

will loosen it,

rotates, and

d) The operation of the switch is by mechanical means rather than direct contact by persons.

11.3.3 With reference to 11.3.1, the means for preventing rotation is to consist of more than friction
between surfaces. A toothed lock washer that provides both spring take-up and an interference lock is
acceptable as means for preventing a small stem-mounted switch or other device having a single-hole
mounting means from turning.
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11.3.4 An uninsulated live part or a part that supports a live part shall be secured to its mounting surface
so that it will be prevented from turning or shifting in position if such motion results in a reduction of
spacings below the minimum values. See the spacing requirements in High-Voltage Circuits, Section 39
and Extra-Low-Voltage Circuits, Section 40. Friction between surfaces is not a means to prevent shifting
or turning of a live part, but a lock washer does meet the intent of this requirement.

11.3.5 Flammable or electrically conductive thermal or acoustical insulation shall not contact uninsulated
live parts. See 64.2.

12 Accessories

12.1 A unit cooler having provisions for the use of elec

trical accessories to be attached in the field shall
#h SHements Rt standard with

comply with the

allation of accessories by service personnel shall be by means -of lrecepiacles, plug-in
connectors, insulated wire connectors, wiring terminals, or by connection to existing wiring|terminals.

flerence to 12.2, any installation that requires the cutting “of/wiring or the soldering of
connections by the installer is not acceptable. Installations that require éutting, drilling, or welding are not
acceptable in pnclosures and in other areas where such operations may-damage electrical ¢r refrigeration
components gnd wiring.

12.4 Strain-rglief means shall be provided for the wiring inxthe accessory if there is g possibility of
transmitting sfress to the terminal connections during installation. The strain relief shall b¢ evaluated to
the Strain Rellef Test, Section 70.

12.5 All termipals and wiring intended to be field_connected shall be identified on the accgssory, on the
unit cooler if [connections are made between-the accessory and the unit cooler, and |on the wiring
diagram(s).

12.6 The moynting location of the accessory shall be indicated on the unit cooler. If the mopnting location
is fixed due tp the function of the aceessory and arrangement of the unit cooler and instructions are
provided covering the installation_and location for the accessory, the mounting location of the accessory
need not be indicated on the unitcooler.

12.7 As part ¢f the investigation, accessories are to be trial installed to determine that:

a) Their installation is feasible, and

b) Thatihe instructions are detailed and correct.
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13 Cabinets and Enclosures

13.1 General

13.1.1 Steel cabinets and enclosures shall be protected against corrosion by metallic or nonmetallic
coatings, such as plating or painting.

13.1.2 The electrical components within the cabinet, such as controls, solenoids, relays, switches, and
impedance protected motors shall comply with one of the following:

a) Electrical components shall be individually enclosed, except for terminals,

c) Elg
Other

13.1.3 Compl
to openings in

13.1.4 In refe
or flaming pan

13.1.5 Barriefs used to comply with 11.1.4 shall be horizontal"and located as indicated in F

respect to ung

13.1.6 A cab
particular app

13.1.7 Sheet
than 0.029 ing
0.036 inch (0.

13.1.8 Sheet
than 0.032 ing
not less than

13.1.9 If threads forthe connection of conduit are tapped all the way through a hole, or if

construction ig

h metal from the cabinet, or

ctrical components other than switches or motors shall comply with, the’ Burn
Components, Section 57.2.

ance with 13.1.2 shall be based on the design and location 6f'tie componen
the cabinet.

rence to 13.1.3, openings in the bottom of the cabinétyshall be arranged to p
ticles from falling out of the cabinet.

nclosed electrical components located within the cabinet.

net is to be evaluated with respect;to its size, shape, material, thickness
ication.

steel shall have a thickness of-not less than 0.026 inch (0.66 mm) if uncoatec
h (0.74 mm) if galvanized."Nonferrous sheet metal shall have a thickness o
D1 mm).

metal to which a wiring system is to be connected in the field shall have a thic
h (0.81 mm) ifluncoated steel, not less than 0.034 inch (0.86 mm) if galvani
D.045 inch_(1.%4 mm) if nonferrous.

of the device gloes not prohibit the functional part (i.e. conduit bushing) from being attached

employed, there shall be not less than three or more than five threads, and th

of flame or

out Test —

s with respect

event glowing

gure 23.1 with

and use in a

|, and not less
not less than

kness not less
zed steel, and

an equivalent
e construction
. If threads for

the connection of conduit are not tapped all the way through a hole in the functional part (i.e. enclosure
wall, conduit hub) there shall be not less than 3-1/2 threads and there shall be a 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 corresponding with the trade size of rigid

conduit.
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13.1.10 A knockout in an enclosure shall be secured in place, but shall be capable of being removed
without deformation of the enclosure to the extent that the deformation results in damage to electrical
components and/or reduction in electrical spacings.

13.1.11 A knockout shall remain in place when a force of 10 pounds (44 N) is applied at right angles to
the knockout by a 1/4 inch (6.4 mm) diameter mandrel with a flat end. The mandrel shall be applied at the
point most likely to cause movement of the knockout.

13.1.12 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 this
standard.

13.1.13 In measuring a spacing between an uninsulated live part and a bushing installedjn a knockout,
it is to be assymed that a bushing having the dimensions indicated in Table 13.1 is in_flace,|in conjunction
with a single Ipcknut installed on the outside of the enclosure.

Table 13.1
Knockout or hole sizes and dimensions of bushings
Trade siz_e Bushing dimensigns
of conduit, Knockout or hole
nominal ID Conduit Size, O.D. diameter Overall diameter Height
Inches Inches (mm) Inches (mm) Inches (mm) Inches (mm)
1/2 0.84 (21.3) 7/8 (22.2) 1 (25.4) 3/B (9.5)
3/4 1.05 (26.7) 1-3/32 (27%:8) 1-15/64 (31.4) 27/p4 (10.7)
1 1.31 (33.4) 1-23/64 (84.5) 1-19/32 (40.5) 33/p4 (13.1)
1-1/4 1.67 (42.3) 1-23/32 (43.7) 1-15/16 (49.2) 9/16 (14.3)
1-1/2 1.90 (48.3) 1-31/32 (50.0) 2-13/64 (56.0) 19/B2 (15.1)
2 2.37 (60.3) 2-15/32 (62.7) 2-45/64 (68.7) 5/8 (15.9)

13.2 Doors and covers

13.2.1 Servicg covers shall require:the use of tools for removal or shall be provided with @n interlocking
mechanism if they give access\.to uninsulated high-voltage live parts.

13.2.2 With reference t10543:2.1, a required interlocking mechanism shall comply with 25.1P and shall:

a) Beg engaged with the cover in the closed position before parts are energized, apd

b) Secure the cover in the closed position when engaged.

13.2.3 A hinged or pivoted panel or cover shall be positioned or arranged so that, when it is in an open
position to facilitate servicing, it is not subject to falling or swinging due to gravity or vibration so as to
cause injury to persons from the panel or cover, from moving parts, or from uninsulated live parts.
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13.2.4 The assembly shall be arranged so that an overcurrent protective device, such as a fuse, can be
replaced and manual-reset devices can be reset without removing parts other than a service cover(s) or

panel(s).

13.2.5 A required protective device shall not be accessible without opening a door or cover.

Exception:
protector and

similar parts may project outside the enclosure.

The operating handle of a circuit breaker, the reset button of a manually resettable motor

13.2.6 An opening around a handle, reset button, or other control member is acceptable if the clearance
between the control member and the edge of the opening is not more than 1/8 inch (3.2 mm) for any
setting or position of the control member.

13.2.7 Cove
overload-protq

Exception: A

a) Su
than &

b) Su
maxin

c) An
d) Fu

13.2.8 Hingeq
them closed,

13.2.9 A sprin
in place and v
the door in pla
as the sole m

13.2.10 A do
closely agains

's over fuses in high-voltage circuits shall be hinged. Covers over
ctive devices shall be hinged if it is necessary to open the cover to resét the

hinged cover is not required where the only fuses enclosed are:

pplementary type control circuit fuses, provided the fuses and\control circuit
fixed control circuit load, such as a pilot lamp, are withiri<thé same enclosu

loplementary type fuses of 2 amperes or less for small~auxiliary resistance h
hum rating of 100 watts,

extractor-type fuse with its own enclosure, or
ses in extra-low-voltage circuits.

covers, where required, shall not depend solely upon screws or other similar
but shall be provided with a lateh-or the equivalent.

g latch, magnetic latch, dimple, or any other mechanical arrangement that wil
ill require some effort on-the user’s part to open it is considered to be a mea
ce as required in 13\2.8. A cover interlocking mechanism, as described in 13
bans for securing the cover or panel, is considered to comply with 13.2.8.

Dr or cover«giving direct access to fuses in other than extra-low-voltage cirg
t a 1/4 ineh- (6.4 mm) rabbet or shall have either turned flanges for the full

edges or angl

b stripsfastened to it. Flanges or angle strips shall fit closely with the outsidg

manual-reset
device.

oads, other
e,

paters with a

means to hold

hold the door
ns for holding
.2.2, provided

uits shall shut
length of four
of the wall of

the box propgr and shall overlap the edges of the box not less than 1/2 inch (12.7 nmm). A special
construction STJCh as a fuse enclosure, located within a cabinet, or a flange and rabbet conmbination meet
the intent of this requirement.

13.2.11 Strips used to provide rabbets, or angle strips fastened to the edges of a door shall be secured
at not less than two points, not more than 1-1/2 inches (38.1 mm) from each end of each strip and at
points between these end fastenings, not more than 6 inches (152 mm) apart.
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14 Barriers

14.1 Except as specified in 11.2.5 and 39.9, a barrier shall be formed from one or more of the following:

a) Metal, minimum 0.005 inch (0.13 mm) thick;

b) Fiberglass, minimum 0.5 inch (12.7 mm) thick;

c) A nonmetallic material rated 5VA; or

d) A nonmetallic material evaluated to the 127 mm (5 inch) End Product Flame Test as
described in the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL

746C,

14.2 A barrief shall be secured to the mounting surface such that tools are required(for its

14.3 A barrief that isolates ignition source(s) shall comply with the enclosure requirements

15 Field-Su

15.1 General

15.1.1 As uspd in 15.1.2 — 15.1.7, Terminals, Section 15.2,/and Leads, Section 15.

connections
grounding cor

15.1.2 A unit
with the Natio

15.1.3 A kn¢ckout for connection of a field-wiring system to a field-wiring comp

ly Connections

re considered to be the terminals or leads to which power supply, control,
nections will be made in the field when the _unit cooler is installed.

cooler shall have provision for connection“of one of the wiring methods that,
nal Electrical Code, NFPA 70, would-be suitable for it.

removal.

of Table 48.1.

3, field-wiring
or equipment

in accordance

artment shall

accommodatd conduit of the trade size determined by applying Table 15.1.
Table 15.1
Trade size of conduit in inches (mm OD)
Wire size Number of wires
AWG (mm?) 2 3 4 5 6
14 4.1) 112 (21.3) 1/2 (21.3) 1/2 (21.3) 1/2 (21.8) 1/2 (21.3)
12 d.3) 1/2 (21.3) 1/2 (21.3) 1/2 (21.3) 3/4 (26.7) 3/4 (26.7)
10 (3.3 1/2 (21.3) 1/2 (21.3) 1/2 (21.3) 3/4 (26.7) 3/4 (26.7)
8 (8.4) 3/4 (26.7) 3/4 (26.7) 1 (33.4) 1 (33.4) 1-1/4 (42.3)
6 (13.3) 3/4 (26.7) 1 (33.4) 1 (33.4) 1-1/4 (42.3) 1-1/4 (42.3)
4 (21.2) 1 (33.4) 1 (33.4) 1-1/4 (42.3) 1-1/4 (42.3) 1-1/2 (48.3)
3 (26.7) 1 (33.4) 1-1/4 (42.3) 1-1/4 (42.3) 1-1/2 (48.3) 1-1/2 (48.3)
2 (33.6) 1 (33.4) 1-1/4 (42.3) 1-1/4 (42.3) 1-1/2 (48.3) 2 (60.3)
1 (42.4) 1-1/4 (42.3) 1-1/4 (42.3) 1-1/2 (48.3) 2 (60.3) 2 (60.3)
NOTES -
1 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 wire.

Table 15.1 Continued on Next Page
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Table 15.1 Continued
Wire size Number of wires
AWG (mm?) 2 3 4 5 6
2 Trade size per Standard for Electrical Rigid Steel Conduit (ERSA), NEMA C80.1.

15.1.4 The location of a terminal box or compartment in which power supply connections are to be made
shall be such that these connections may be inspected after the unit cooler is installed. The connections
are to be accessible without removing parts other than a service cover or panel and the cover of the outlet

box or compartment in which the connections are made.

15.1.5 A ter

inal box or r\nmpnrfmnn'r intended _for the connection of field \A/iring shall

e secured in

position and §

15.1.6 Space
of the number]
length of each
made.
Exception: (
instructions.

15.1.7 The u
conductors hg
conductors ra

15.2 Termingls

15.2.1 For fig
connectors s
conductors, th
with cupped W

15.2.2 It shod
the smallest ¢

may be anticipated at a terminal for the connection of a power supply wire.

15.2.3 Upturn
in 15.1.7 and

hall be prevented from turning.

shall be provided in the field-wiring compartment or outlet box for installation
and size required by 15.1.7, using Type TW or THW wire, when at least a 6
conductor is brought into the wiring compartment. If necessaryya trial instal

Conductors other than Type TW or THW may be used if specified in t

nit cooler shall be provided with field-wiring:terminals or leads for the
ving an ampacity of not less than that indicated in 75.4. It is assumed that
ed 60°C (140°F) will be used.

ld-wiring terminals intended for(8 AWG (8.4 mm?) and larger conductors,
nall be used. For field-wiring. terminals intended for 10 AWG (5.3 mm?
e parts to which wiring connections are made may consist of clamps or wire &
ashers, terminal plates,‘or the equivalent to hold the wire in position.

Id be noted that ac¢ording to the National Electrical Code, NFPA 70, 14 AW
bnductor which(may be used for branch circuit wiring and thus is the smallest

ed lugs.or a cupped washer shall be capable of retaining a conductor of the s
75.4,"but no smaller than 14 AWG (2.1 mm?), under the head of the screw

of conductors
nch (152 mm)
lation is to be

he installation
connection of

branch circuit

pressure wire
and smaller
inding screws

5 (2.1 mm2) is
conductor that

ize mentioned
br the washer.

15.2.4 Wiring Terminals for use with all alloys of Copper, aluminum, or copper-clad aluminum conductors,
shall comply with 15.2.5 — 15.2.10 or with the Standard for Equipment Wiring Terminals for Use with
Aluminum and/or Copper Conductors, UL 486E.

15.2.5 A field-wiring terminal shall be prevented from turning or shifting in position by means other than
friction between surfaces. This may be accomplished by means such as two screws or rivets; by square
shoulders or mortices; by a dowel pin, lug, or offset; or by a connecting strap or clip fitted into an adjacent
part.
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15.2.6 A wire binding screw at a field-wiring terminal shall be not smaller than No. 8 (4.2 mm diameter),
except that a No. 6 (3.5 mm diameter) screw may be used for the connection of one 14, 16, or 18 AWG
(2.1, 1.3, or 0.82 mm?) conductor.

15.2.7 A terminal plate for a wire binding screw shall be of metal not less than 0.030 inch (0.76 mm) in
thickness for a 14 AWG (2.1 mm?) or smaller wire and not less than 0.050 inch (1.27 mm) in thickness for
a wire larger than 14 AWG (2.1 mm) and in either case, there shall be not less than two full threads in the
metal.

15.2.8 A terminal plate formed from stock having the minimum required thickness may have the metal
extruded at the tapped hole for the binding screw to provide two full threads, except that two full threads
are not required if a lesser number of threads results in a connection in which the threads will not strip

When tlghten et ;II CJ.UUUIda.I L\~ vv;th thU tUIqUU VG:UUO IIIdI\/CltUd ;II thU Stcu |da|d fUI ‘VAVI';IU S nnectors, UL
486A-486B.

15.2.9 A wire|binding screw shall thread into metal.

15.2.10 A fielg-wiring terminal intended for the connection of a grounded condtctor shall he made of, or

om the other
n an attached

plated with, § metal substantially white in color and shall be readily distinguishable f
terminals or identification of that terminal shall be shown in some other‘manner, such as g
wiring diagranp.

15.3 Leads

15.3.1 Leads
circuit shall cd

intended for connection to an external extra-low-voltage safety circuit or to an
mply with all of the following:

y high-voltage

a) Be one of the types of wiring specified in™16.1;

b) Be
mean

c) Be
intern

d) No

6 inches (152 mm) or more inlehgth, as measured from the lead end to the
5, unless the use of a shorterijead is required to prevent damage to the lead

provided with strain relief’if stress on the lead may be transmitted to terming
bl wiring. In such cases, leads shall comply with the Strain Relief Test, Secti

comp

rtment as_the‘lead ends (that are intended for spliced connections to the fie

unles$ the screws or connectors are rendered unusable for field-wiring connection

ends

15.3.2 A lea

re insulated.

intended for the connection of a grounded conductor shall be finished to sh

strain relief
insulation;

Is, splices, or
bn 70; and

t be connected.to wire binding screws or pressure wire connectors located i the same

d-wiring)
5 or the lead

ow a white or

gray color, shall be distinguishable from other leads, and no other lead shall be so identified.
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15.4 Grounding

15.4.1 A unit cooler shall have an equipment grounding terminal or lead for grounding.

14.4.2 A terminal used for the connection of an equipment grounding conductor shall be capable of

securing a conductor of the size required by the National Electrical Code, NFPA 70, for
application.

15.4.3 A soldering lug, a push-in, a screwless connector, or a quick connect or similar frictio
shall not be used for the grounding terminal.

the particular

n fit connector

15.4.4 A wire b|nd|ng screw mtended for the connection of an eqmpment groundlng conductor shall have

a green colors
connector int
G, GR, GROUND, or GROUNDING, or by a marking on a wiring diagram provided on(the u
wire binding sg¢rew or pressure wire connector shall be secured to the frame or enclosure of
and shall be Iqcated so that it is unlikely to be removed during normal service opérations sud
fuses, resetting manual-reset devices, or oiling motors.

15.4.5 When Ja pressure wire connector intended for grounding is located Where it could b
the neutral cohductor of a grounded supply, it shall be identified by,a marking "EQUIPME
and/or with a green color identification.

15.4.6 The suyirface of an insulated lead intended solely for-the connection of an equipm
conductor shall be finished in a continuous green color ora continuous green color with
yellow stripes
16 Internal Wiring and Wiring Methods
16.1 Wiring shall comply with one of the follewing:

a) Standard for Appliance Wiring-Material, UL 758;

b) Standard for Thermoset-insulated Wires and Cables, UL 44;

c) Stqndard for Flexible Cords and Cables, UL 62; or

d) Standard forThermoplastic-Insulated Wires and Cables, UL 83.

16.2 Wire insplation shall be rated for the potential involved and for the temperature to w

pressure wire
being marked
hit cooler. The
the unit cooler
h as replacing

B mistaken for
NT GROUND”

ent grounding
one or more

hich it may be

subjected in use..Compliance shall be determined in accordance with any of the following:

a) Wiring temperature acceptability shall be based on the temperatures measured
Temperature Test — Cooling Mode, Section 50, and the Electric Defrost Test, Sect

b) For other than motor wiring, all wiring shall:

in the
ion 51.

1) Have an ampacity of the conductors in accordance with Table 16.1 and

2) Not be exposed to heat from radiating sources or heated components.

¢) Motor wiring shall have an ampacity not less than 125 percent of the motor full
rating in addition to complying with (b).

load current
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Table 16.1
Wiring material ampacity
Wire size
AWG (mm?) Ampacity, A

22 (0.41) 4

20 (0.66) 7

18 (0.82) 10

16 (1.3) 13

14 (2.1) 18

12 (3.3) 25

10 (5.3) 30

8 (8.4) 40

6 (13.3) 55

4 (21.2) 70

2 (33.6) 95

1 (42.4) 110
NOTE — The ampacities shown apply to appliance wiring materials with insulation rated not
less than 90°C (194°F). For types of wires other than appliance wiring materials, the
ampacity shall be determined from Tables 310-16 and 310-21 in the Natiohal Electrical
Code, ANSI/NFPA No. 70 for the type of wire employed. The correction factors of the
referenced tables need not be applied.

16.3 Wiring which is color coded green or green with one orxmore yellow stripes shall be used only for

grounding cor

Exception: A

cables, flexible printed wiring, etc., if during installation and servicing the conductor is:

ductors. Wiring used for other purposes shall-not be identified with the above color codes.

ny insulation color may be used for internal conductors in assemblies, slich as ribbon

a) Npt accessible and is not visible, er

b) Part of a low voltage energy.limiting circuit.

16.4 Internal iring of unit coolers, shall be of the type indicated in Table 16.2. The insulatjon of wires or

cords connecfed to fan motors,and other auxiliary motors shall be of an oil resistant type,

SJO, SJT, SHT-3, or applianee wiring materials having oil resistant insulation.

such as Type
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Table 16.2
Typical wiring materials
Wire size Insulation thickness
Group Type of wire, cord, or cable? AWG (mm?) Inch (mm)
A Appliance wiring material®, with thermoplastic insulation 10 and (5.3) 2/64 (0.8)
thicknesses shown at the right corresponding to wire sizes smaller
indicated, or Type ACHH, ACTH, ACTHH, FFH-2, TF, TFF,
TEN, TFFN, SF-2, SFF-2, RHH, RHW, THW, XHHW, MTW, 8 (8.4) 3/64 (1.2)
THWN, PF, PGF, PFF, PGFF, TW 6 (13.3) 4/64 (1.6)
4 (21.2) 4/64 (1.6)
3 (26.7) 4/64 (1.6)
4 (3376) Lvior (1.6)
1 (42.4) 5/64 (2.0)
1/0 (54.0) 5/64 (2.0)
2/0 (67.0) 5/64 (2.0)
3/0 (85.0) 5/64 (2.0
4/0 (1072) 5/64 (2.0)
B Agpliance wiring material® having thermoplastic or 18 (0.82) 4/64 (1.6)
ngoprene insulation, with insulation thicknesses shown at
right corresponding to the wire sizes indicated; or cord 16 (1.9) 4/64 (16)
Type S, SE, SO, SO0, ST, STO, STOO, SJ, SJE, SJO, 4 (2.1) 5/64 (2.0)
SJOO, SJT, SJTO, SJTOO; SP-3, SPE-3, SPT-3 12 (3.3) 5/64 (2.0)
10 (5.3) 5/64 (2.0
8 (8.4) 6/64 (2.4)
6 (13.3) 8/64 (3.2)
4 (21.2) 9/64 (3.6)
2 (33.6) 10/64 (4.0)
C Afpliance wiring material® with rubber insulation thickness Same as for Group B
shbwn at the right corresponding to wiressizes indicated, or
Type S, SJ, SP-3
@ The designatefl cord or cable or types of wire~other than appliance wiring material may be used without regard to the values
specified in this fable.
b Appliance wirijg material acceptable for\refrigeration use.

16.5 Wiring o
electrical tubin
enclosure em

16.6 Cords o
routed, isolate

bloyed in ke application.

f the type indidated in Table 16.2, Group A, shall be enclosed by means sugh as conduit,
g, raceways, or control boxes. Fittings shall be constructed for use with the|type of wiring

[ appliance wiring material of a type indicated in Table 16.2, Group B, shall be positively
chob both from openings in the cabinet to prevent damage of wiring, or emiss|on of flame or

molten metal

hrough openings In the cabinet.

16.7 With reference to 16.5 and 16.6, if the compartment enclosing the wiring has no openings, other
than for conduit or piping, and contains no flammable material, other than electrical insulation, the cord or
appliance wiring material referenced in Table 16.2, Group C, may be employed.
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16.8 Wiring shall be positively routed, isolated, or both from openings in the cabinet.

16.9 With regard to 16.6, wiring shall be separated from nonmetallic materials in accordance with
Nonmetallic Material — Ignition Source Separation, Section 9.

16.10 Wiring which extends to a panel, pan, or accessory, and is subjected to movement during servicing
shall be flexible cord and shall be provided with a strain relief so that stress is not transmitted to terminals
or splices. The strain relief shall be evaluated to the Strain Relief Test, Section 70.

16.11 The wiring shall be routed or protected to prevent damage to the insulation.

16.12 If any failure of extra-low-voltage wiring causes malfunctioning of a motor overload protective
device or othgrpretective-devicesteh—wirt be

A of Tlable 16.2, or low-energy safety control wire are to be uséd if such wiring is located in a

s and cords used in a unit cooler shall be routed and supported to prevent damage due to:

rts which can be expected\{o vibrate such as motors, refrigerant lines, and the like.
ing means shall have .smooth, rounded surfaces.

Exception: ires and cords may*contact a vibrating part provided:
a) The wiring is securely fastened to the part at the point of contact so as to restrict movement,
b) The partdoes not have burrs, fins, or sharp edges which might abrade the insylation, and

c) Vibration does not place a strain on the wiring or wiring connections.

16.14 All wires and cords shall be routed and supported so that they will not be immersed in water unless
the insulation is specifically intended for this purpose. The wiring arrangement shall be such as to prevent
water caused by condensation or defrosting from entering wiring enclosures and electrical enclosures.
Exception: Water may enter an enclosure providing:

a) The point of entrance is not in proximity to uninsulated live electrical parts, and

b) The uninsulated live parts are not wetted.
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16.15 A wiring enclosure shall provide a smooth wireway with no sharp edges or projecting screws which
might damage the insulation.

16.16 To prevent abrasion of insulation, holes for passage of wires or cords through walls, panels, or
barriers shall have smooth, rounded surfaces or shall be provided with smoothly rounded bushings.
Bushings shall be fabricated from material, such as ceramic, phenolic, cold-molded composition, or fiber.

16.17 Parallel conductor appliance wiring material of the integral type shall not be ripped more than 3
inches (76.2 mm) unless the minimum wall thickness of the conductor insulation after ripping is at least
0.058 inches (1.47 mm) in thickness. If the material has conductor insulation not less than 0.028 inch
(0.71 mm) after ripping and is within a separate metal enclosure, conduit, electrical metallic tubing, or

metal raceway, the length of rip is not limited.

16.18 All spli
connection sh

16.19 Splices
located in a {
movement, or|
during norma
motors.

16.20 A spilig
permanence
wrapped over

16.21 Splicing devices, such as wire connectors, may ‘be employed if they provide mech

and employ e

16.22 Quick-q
mating parts,

16.23 Wire bi
soldered or
assembled to

secure befor¢ being soldered. Open-slot type connectors shall not be used unless

disconnection
be protected &

ces and connections shall be mechanically secured and electrically bonde
pll be made mechanically secure before being soldered.

shall be located within the unit cooler enclosure. They shall be 'secured
the like. Strain relief shall be provided on the conductors if the/wiring is likel

service operations, such as replacing fuses, resettingkmanual-reset dev

e shall be provided with electrical insulation ‘equivalent to that of the
bf spacing between the splice and other metal\parts is not assured. Thern
the sharp ends of the wires is not acceptable:

ectrical insulation rated for the voltage™to which they are subjected.

onnecting assemblies are to form a secure electrical connection, such as by
ind are to be capable of carrying the current involved.

hding screws shall thread“into metal. At terminals, stranded conductors shall
bressure-type terminal” connectors or the conductors shall be soldered
prevent loose stfands after assembly. Soldered connections shall be made

resulting frem:loosening of the clamping means. The shanks of terminal co
y electrical insulation if the spacings may be reduced below the minimum acc

by loosening

of the insulatiTn on the shanks shall be not less than 0.028 inch (0.71 mm) except as perm

bf the €lamping means. The insulating material shall be secured in position.

d. A soldered

in position or

eparate enclosure so that they are not subject to flexing, motien, or vibrafion due to air

y to be moved
ces, or oiling

conductors if
noplastic tape

bnical security

detents in the

be secured by
or otherwise
mechanically
they prevent
nnectors shall
bptable values
The thickness
hitted by 39.9.

16.24 Conductors of motor circuits having two or more thermal- or overcurrent-protected motors wired for

connection to

one supply line shall comply with one of the following:

a) A conductor shall have an ampacity of not less than one-third the ampacity of the branch

circuit

conductors as determined in 15.1.7;

b) A conductor shall be:

1) Size 18 AWG (0.82 mm?) or larger,

2) Not more than 4 feet (1.2 m) in length, and
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3) Protected by a fuse or equivalent overcurrent protective device rated no
60 amperes;

t more than

c) A conductor shall serve as a jumper lead between controls and shall not exceed 3 inches
(76.2 mm) in length;

d) A conductor shall serve as a jumper lead between controls and is located in an electrical

contro

| enclosure; or

e) A conductor shall withstand the Limited Short Circuit Test, Section 61.

16.25 Wire positioning devices shall comply with the Standard for Positioning Devices, UL 1565.

16.26 Wire in

17 Separation of Circuits

17.1 Unless
different circu
barriers or sh
live parts con

provides perni

17.3 Field-in
field-installed
circuits are or

17.4 Field-ing

National Electrical Code, NFPA 70, wiring-shall be segregated or separated by barriers as

a) From uninsulated live parts-connected to a different circuit, other than wiring te

!

17.2 Segregation of insulated conductors may be accomplished\by clamping, routing, or otf
anent separation from insulated or uninsulated.live parts of a different circuif.

sulating bushings shall comply with the Standard for Insulating Bushings, Wi

brovided with insulation rated for the highest voltage involved;* insulated
ts, (i.e., internal wiring, including wires in a wiring compattmént) shall be
Il be segregated, and shall, in any case, be so separated of segregated fro
ected to different circuits.

stalled conductors of any circuit shall\b&’ segregated or separated by
hnd factory-installed conductors connected to any other circuit unless the cong
will be insulated for the maximum voltage of either circuit.

talled conductors of a high-veltage circuit or an extra-low-voltage circuit

635.

conductors of

separated by

m uninsulated

er means that

barriers from

juctors of both

with Class 1
follows:

minals, and

b) Fr¢m any uninsulatédlive parts of electrical components, such as a motor ovetfload

proted

of fire

17.5 Field-ins

tive device or other protective device, where short-circuiting or grounding res
or electrical.shock, except at wiring terminals.

talled eonductors of an extra-low-voltage circuit with Class 2 National Electrica

70; wiring shalll be segregated or separated by barriers as follows:

a) From uninsulated live parts connected to a high-voltage circuit, and

bults in a risk

| Code, NFPA

b) From wiring terminals and any other uninsulated live parts of extra-low-voltage electrical
components, such as a motor overload protective device or other protective device, where

short-

circuiting or grounding results in a risk of fire or electrical shock.
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17.6 If a barrier is used to provide separation between the wiring of different circuits, it shall comply with
Section 14, Barriers.

18 Bonding for Grounding
18.1 A unit cooler shall have provision for the grounding of all exposed or accessible noncurrent-carrying
metal parts which are likely to become energized and which may be contacted by the user or by service

personnel during service operations which are likely to be performed when the unit cooler is energized.

18.2 Uninsulated metal parts, such as cabinets, electrical enclosures, motor frames and mounting
brackets, controller mounting brackets, heater element sheaths, capacitors and other electrical

components, mterconnectmg tublng and p|p|ng, valves and other refngerant contammg parts, and

plumbing acqess
serviceman.
Exception: Metal parts described as follows need not be grounded:

a) Adhesive-attached metal-foil markings, screws, handles, and the liké, which ard

the oytside of enclosures or cabinets and isolated from electrical components or w
grounpded metal parts so that they are not likely to become energized.

b) Isalated metal parts, such as motor controller magnetd{rames and armatures or
assembly screws, which are positively separated from wiring and uninsulated live

c) Cdbinets, panels, and covers which do not enclosé uninsulated live parts if wiri
positively separated from the cabinet, panel, or@over so that it is not likely to becd

not legs than 1/32 inch (0.8 mm) jn:thickness, 0.028 inch (0.71 mm) minimum, and
securgd in place. If a material-having a lesser thickness is used, consideration is f
such factors as its electrical, mechanical, and flammability properties when compa
matenals in thicknesses specified above.

18.3 Metal-tometal hinge bearing members for a door or cover are considered to be a mea
a door or covér for grounding if a multiple-bearing, pin-type hinge(s) is employed.

/ the user or

b Jocated on
iring by

small
barts.

ng is
me

y an
lar materials,
| which are

O be given to
red with

ns for bonding

pother material

18.4 A separpte component bonding conductor shall be of copper, a copper alloy, or
acceptable forfuse as an electrical conductor. Ferrous metal parts in the grounding path sh

Il be protected

against corrogion) by metallic or nonmetallic coatings, such as enameling, galvanizing,| or plating. A

separate bonding conductor or strap shall:

a) Be protected from mechanical damage or be located within the confines of the
enclosure or frame, and

b) Not be secured by a removable fastener used for any purpose other than bond

outer

ing for

grounding unless the bonding conductor is unlikely to be omitted after removal and replacement

of the fastener.
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18.5 A factory-installed quick connect terminal with the dimensions specified in Table 18.1, is not
prohibited from being used as an internal connection for bonding internal parts to the metal enclosure for
grounding, when:

a) Th

e connector is located where there is not a risk of displacement and

b) The component is limited to use on a circuit having the branch circuit protective device
indicated in Table 18.1.

Table 18.1
Quick connect terminal used in internal bonding for grounding

Quick connect terminal dimensions Rating of protective¢ device
inches (mm) amperes
0.020|by 0.187 by 0.250 (0.51 by 4.75 by 6.35) 20 orless
0.032|by 0.187 by 0.250 (0.81 by 4.75 by 6.35) 20 or less
0.032|by 0.205 by 0.250 (0.81 by 5.2 by 6.35) 20 or less
0.032|by 0.250 by 0.312 (0.81 by 6.35 by 7.92) 60 or less

18.6 The bon
welding, or s
(850°F). The
enamel. Bond
nonmetallic m

18.7 With ref
screwhead or
means depen
engage the m

18.8 A conne
may be acceq
and Connectig
compression

grease, moist
considered w
intended fash

18.9 The size
the rating of t

Hing shall be by a positive means, such as clamping, riveting, bolted or screw
pldering and brazing materials having a softening_6r melting point greatg
bonding connection shall penetrate nonconductive /coatings, such as pai

aterial except as indicated in 18.8.

brence to 18.6, a bolted or screwed connection that incorporates a star wag
a serrated screwhead is acceptable for‘penetrating nonconductive coatings.
ds upon screw threads, two or more screws or two full threads of a sing
etal.

Ction that depends upon the(clamping action exerted by rubber or other nonm

ns, Section 60, and the Limited Short-Circuit Test, Section 61, under any no
bermitted by a variable clamping device and also following exposure to the

th particular emphasis on the likelihood of the clamping device being reas
on.

of asconductor employed to bond an electrical enclosure or motor frame shal
he Branch circuit overcurrent device to which the equipment will be connecte

the conductor

bd connection,
r than 455°C
nt or vitreous

ing around a resilient mount shall not depend.on*the clamping action of ribber or other

her under the
If the bonding
e screw shall

ptallic material

table if it complies with the provisions of the Current Overload Test — Bonding Conductors

mal degree of
effects of oil,

ire, and thermal degradation, which may occur in service. Also, a clamping dlevice is to be

sembled in its

| be based on
d. The size of

oratran chall ha n anaarAAanA~n it TAalis 40 O

oot oTan T atToTrgancT vt ractCc— 1Oz

Exception No. 1: A smaller conductor may be used if the bonding conductor and connection comply with
the provisions of the Current Overload Test — Bonding Conductors and Connections, Section 60, and the

Limited Short-

Circuit Test, Section 61.

Exception No. 2: A bonding conductor to a motor or other electrical component need not be larger than
the size of the motor-circuit conductors or the size of the conductors supplying the component. See 16.24.


https://ulnorm.com/api/?name=UL 412 2018.pdf

AUGUST 28, 2018

REFRIGERATION UNIT COOLERS - UL 412

35

18.10 A clamp or strap used in place of a separate wire conductor as required in 18.9 is considered
acceptable provided the minimum cross-sectional conducting area is equivalent to the wire size indicated

in Table 18.2.

18.11 Splices shall not be employed in wire conductors used to bond electrical enclosures, motor frames,

or other electr

ical components.

Table 18.2
Bonding wire conductor size

Minimum size of bonding conductor?
Rating of overcurrent device Copper wire Aluminum wire
arhperes AWG (mm?) AWG (mm?)
15 14 (2.1) 12 (3.3)
20 12 (3.3) 10 (5.3)
30 10 (5.3) 8 (8.4)
40 10 (5.3) 8 (8.4)
60 10 (5.3) 8 (8:4)
100 8 (8.4) 6 (13.3)
200 6 (13.3) 4 (21.2)
2 Or equivalent [cross-sectional area.
18.12 If morg than one size branch circuit overcurrent device is involved, the size of the bonding

conductor is

protection for
by a branch ¢
bonding cond
protection of t

18.13 Functid

ELECTRICAL

19 Capacitors

19.1 Except gs specifiedtin®19.5, capacitors shall comply with the Standard for Capacito

shall comply

19.2 A motor

to be based on the rating of the overcurrent device intended to providg
rcuit overcurrent device smaller than ather overcurrent devices used with the
ictor for that motor is sized on the basis of the overcurrent device intended f
he motor.

nal grounding shall not be refied upon for equipment grounding or bonding.

COMPONENTS

vith 19.2-<19.3.

starting or running capacitor shall be housed within a cabinet, enclosure o

b ground-fault

the component bonded by the conductor(For example, if a motor is individyially protected

unit cooler, a
br ground-fault

rs, UL 810, or

r other similar

container to rg

duee the risk of mechanical damage to the plates and which will reduce the ri

sk of emission

of flame or molten material resulting from malfunctioning of the capacitor. The container shall be:

a) Made of coated or uncoated sheet steel having a thickness of not less than 0.020 inch (0.51

mmj;

or

b) Mounted within the unit cooler cabinet or enclosure if the sheet steel is thinner than 0.020
inch (0.51 mm) or if materials other than metal are used as the capacitor container.
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c) Protected against expulsion of the dielectric medium when tested in accordance with the

applicable performance requirements of this standard, including faulted overcurrent conditions
as specified in the Limited Short-Circuit Test, Section 61. The conditions for the Limited Short-
Circuit Test shall be:

19.3 If the copn

part and shall
and to reduce|
not less than

19.4 Deleted

19.5 If capac
power-factor
Equipment —
Suppression 4

19.6 In referq
Electronic Eqy
Suppression 4

a) Og

b) Fo
(€25

c) Fo

having a rated voltage(naot exceeding 500 volts; or as an alternate, subclass Y4 if

has a

d) Up
meas
but ng

1) Based on the circuit on which the capacitor is used; or

2) If the available fault current is limited by other components in the circui
motor start winding, the capacitor may be tested using a fault current less

t, such as a
than the test

current specified in Table 61.1 but not less than the current established by dividing the

circuit voltage by the impedance of the other component(s).

be provided with moisture-resistant electrical insulation to isolate it from de

1/32 inch (0.8 mm) in thickness except as indicated in 39.9.

tor is connected across the line, such as a capacitor fof<radio-interference
correction, it shall comply with the Standard for Fixed“Capacitors for Usq
Part 14: Sectional Specification: Fixed Capacitors for Electromagnetia
nd Connection to the Supply Mains, UL 60384-14
nce to 19.5, if a capacitor complies with the“Standard for Fixed Capacitq
nd Connection to the Supply Mains, UL 60384-14, it shall have specification

erating voltage — Not less than 110 percent of the unit cooler rated voltage;

I capacitors connected across-the line (phase-to-phase) — Subclass X1 (< 4.
kV) for impulse voltage Abased on minimum Overvoltage Category of Il);

F capacitors connected from line to ground — Subclass Y1 or Y2 for any unit
rated voltage not exceeding 150 volts;
per categary temperature — Based on the maximum capacitor surface tempe

ired during the Temperature Test, Section 50 and the Electrical Defrost Test
t less than 185°F (85°C);

the risk of contact by persons during servicing operations. The insulating ma

ed to be a live

hd-metal parts

elimination or
in Electronic
Interference

rs for Use in

ipment — Part 14: Sectional Specification:Fixed Capacitors for Electromagnetfjc Interference

s as follows:

D kV) or X2

coolers
A unit cooler

rature
, Section 51,

e) Lower category temperature — Based on the minimum surface temperature for which the
capacitor has been designed to operate when installed within a unit cooler as intended, but not
greater than 14°F (-10°C).

f) Duration of the damp-heat steady-state test — Not less than 21 days; and

g) Passive flammability category B or C. As an alternate, a polymeric capacitor case shall have
a V-0 flame rating as described in the Standard for Tests for Flammability of Plastic Materials
for Parts in Devices and Appliances, UL 94.
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19.7 In reference to 19.5, a capacitor shall consist of a single Class Y1 capacitor or two Class Y2
capacitors connected in series if it is connected between:

a) Tw

b)

o line conductors in a primary circuit;

One line conductor and the neutral conductor;

c) Primary and accessible secondary circuits; or

d) The primary circuit and protective earth (equipment grounding conductor connection).

20 Current-C

arrying Parts

20.1 All curre|
acceptable fo

Exception:
inherently res

20.2 Aluminu
oxidation and

20.3 Ferrous
a current-carr

a) If g
b) If v
corrog

accep

21 Electric O

21.1 Heater ¢lements

21.1.1 Anele
damaged by t

21.1.2 A sheath heating element shall be constructed of corrosion resistant material or s

dipped, or cod

ht-carrying parts of a unit cooler shall be of silver, copper, a copper alloy, ‘op

Multimetallic thermal elements and heater elements of a thermal_protecto

use as an electrical conductor.

stant to corrosion.

M may be used as a current-carrying part if investigated ‘and found to be tr
corrosion.

metal parts, if provided with a corrosion resistant ¢eating, or stainless steel m
ing part:

ermitted in accordance with 2.1.1, or
vithin a motor, but the use of ferrousgmaterials not inherently protected or pr
ion resistant coating for current-carrying parts elsewhere in the unit cooler is

table.

efrost Heaters

ctric defrost heater shall be an encased assembly constructed of materials wh
he temperature’to which they will be subjected in the unit cooler.

ted.to resist external corrosion, and shall be capable of being used at the te

which it is sub

jected. See 21.1.3.

other material

need not be

bated to resist

ay be used for

bvided with a

not

ich will not be

hall be plated,
mperatures to

21.1.3 Uncoated copper tubing may be employed for temperatures of 200°C (392°F) and lower; metallic
coated copper tubing is acceptable for temperatures below the melting temperature of the coating.
Uncoated or oxide-coated steel tubing is not considered acceptable as a heater sheath. Plated steel
tubing may be employed if the coating is determined to be corrosion resistant and will withstand the
temperatures to which it may be subjected. Aluminum tubing may be employed if the alloy withstands a
burnout test without melting or other failure. Stainless steel tubing of the austenitic grades such as ASTM
Type 304 is generally acceptable for defrost heater sheaths.



https://ulnorm.com/api/?name=UL 412 2018.pdf

36B REFRIGERATION UNIT COOLERS - UL 412 JANUARY 9, 2017

No Text on This Page



https://ulnorm.com/api/?name=UL 412 2018.pdf

AUGUST 22, 2011 REFRIGERATION UNIT COOLERS - UL 412 37

21.1.4 Insulating materials, such as washers and bushings, which are integral parts of a heating element
shall be of a moisture resistant material which will not be damaged by the temperatures to which they will
be subjected in the unit cooler.

21.1.5 An insulating material(s) employed in a heating element shall provide direct support to the live
parts. Materials such as magnesium oxide that are used in conjunction with other insulating materials shall
be located and protected so that mechanical damage is prevented. An insulating material shall have the
mechanical strength, dielectric strength, insulation resistance (see 64.1.1 — 64.1.3), and heat and moisture
resistant qualities, for the degree to which it is enclosed or protected. All of these factors are to be
evaluated, with respect to thermal aging.

thermoplastic

21.1.6 To comply with 21.1.1, a heater case or a terminal se
have—stitable—aging—propert ng tests. See

materials sha
Accelerated A

al of rubber, neoprene, or

ging Test — Electric Heaters, Section 62.

g

J

ee Insulation
r sheath shall

21.1.7 An elgctric heater assembly shall be sealed against entrance of mgijsture.
Resistance Tgst, Section 64. Molded seal caps vulcanized to the heater leads\and heate
have a wall thickness equivalent to that required for the heater leads.

21.2 Heater temperature limiting control

21.2.1 If malf
shall be provi
Section 57. T
Requirements

21.22 A therr

without dama

21.2.3 Wiring
not result in ¢
heating elemg

22 Insulating

22.1 Insulatin
Equipment EV

22.2 Material
material with

Linctioning of a defrost cycle control could result incthe risk of fire, electric d
ded with a thermal protective device or a replaéeable thermal cutoff. See
hermal cutoffs shall comply with the requirements in the Standard for Th
and Application Guide, UL 60691.

al cutoff shall be secured in place and\located so that it will be accessible fq
ing other connections or internal wiring. See 21.2.3.

connected to a thermal cutoff shall be secured so that replacement of the the
isplacement or disturbance~of internal wiring, other than leads to the cutof]
nt assembly on which the\gcutoff is mounted.

Material

g materials shall comply with the Standard for Polymeric Materials — Us
aluations, WL\746C, or shall comply with 22.2 — 22.4.

for the.mounting of uninsulated live parts shall be porcelain, phenolic compo
onsideration given to its electrical and mechanical properties.

efrost heaters
Burnout Test,
ermal-Links —

r replacement

rmal cutoff will

f itself or to a

b in Electrical

Sition, or other

22.3 When polymeric materials are used for the direct support of uninsulated live parts, the polymeric
material shall have the mechanical strength and rigidity, resistance to heat, resistance to flame
propagation, dielectric withstand, and the other properties required for the application. These properties
are to be considered with respect to thermal aging.
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22.4 Vulcanized fiber shall not be used for the direct support of uninsulated live parts when there is a risk
of shrinkage or warpage that would reduce electrical spacings.

23 Motors

23.1 Motors shall comply with the Standard for Rotating Electrical Machines - General Requirements, UL
1004-1.

23.2 Motors having openings in the enclosure or frame shall be arranged to prevent particles from falling
out of the motor onto flammable material within or under the assembly.

23.3 In reference to 23.2, equipment shall use a barrier of nonflammable material underneath an
open-type motertntess—

a) The structural parts of the motor or the equipment, such as the bottom closure provide the
equivalent of such a barrier, or

b) The motor protective overload device provided with an open-type motor is such that no
burnirlg insulation or molten material falls to the surface that supports the unit cooler when the
motor|is energized under each of the following fault conditions applicable to the mptor type:

1) Open main winding,

2) Open starting winding,

3) Starting switch short-circuited,

4) Capacitor shorted (permanent-split capacitor type); or

¢) The open-type motor is provided with a thermal motor protector (a protective dgvice that is
sensifjve to temperature and current) that will prevent the temperature of the motor windings
from Bpecoming more than 1252€(257°F) under the maximum load under which the motor will
run without causing the protector to cycle and from becoming more than 150°C (3P2°F) with the
rotor ¢f the motor locked.

23.4 The barfier mentioned in)23.3 shall be horizontal, shall be located as indicated in Figure 23.1, and
shall have an farea not less\than that described in that illustration. Openings for drainage, Ventilation, and
the like, may [be employed in the barrier provided that such openings would not permit [molten metal,
burning insulgtion, or'the like, to fall on flammable material.
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Figure 23.1
Location and extent of barrier

EB100A

A — Motor windinp to be shielded by barrier. This is to consist of the entire motor winding if it is not otherwise ghielded, and is to
consist of the unghielded-portion of a motor winding which is partially shielded by the motor enclosure or equivalgnt.

B — Projection of lettttre-of-motorwinding-onherizontat-ptene-

C — Inclined line which traces out minimum area of the barrier. When moving, the line is to be always:
a) Tangent to the motor winding,
b) Five degrees from the vertical, and

c) So oriented that the area traced out on a horizontal plane is maximum.

D — Location (horizontal) and minimum area for barrier. The area is to be that included inside the line of intersection traced out by
the inclined line C and the horizontal plane of the barrier.
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24 Motor Overload Protection
24.1 General

24.1.1 A fuse shall not be used as a motor protective device unless the motor is protected by the largest
size fuse that can be inserted into the fuseholder.

24.1.2 Equipment shall start and operate as intended when a fuse or circuit breaker provides the required
motor protection.

24.1.3 Overcurrent protective devices and thermal protective devices for motors shall comply with
applicable short-circuit requirements for the class of protective device and shall, in addition, comply with

the requireme[ie—el—khe-tm\ed—smﬂ-em—?eﬂ,—aee«eﬂ-eﬁ.—
24.2 Protectipn of single-phase motors

24.2.1 All single-phase motors shall be protected by one or more of the following:

a) A separate device responsive to motor current and rated or set\te’trip at not more than the
perceptage of the motor nameplate full-load current rating as specified in Table 24{1.

b) A geparate overload device which combines the functions of overload and ovencurrent
protegdtion and is responsive to motor current. Such a_device shall be set at valueq not greater
than the percentages of the motor nameplate full-load\current rating as specified in Table 24.1.

c) Ddgleted

d) Impedance protection complying with.the Standard for Impedance Protected Motors, UL
1004-p.

e) A protective device integral withithe motor that complies with the Standard for Thermally
Prote¢ted Motors, UL 1004-3. Axmotor intended to move air only, by means of an gpir-moving
fan thpt is integrally attached, keyed, or otherwise fixed to the motor, is required tq have locked-
rotor protection only.

f) Prgtective electroniccircuits integral to the motor that comply with the Standard|for
Electrpnically Protected Motors, UL 1004-7.

g) Protectivetelectronic circuits that comply with 24.2.3.

h) Other protection that is shown by test to be equivalent to the protection specifigd in (a) to

(9)-

Exception: Overload protection of a single-speed, continuous duty fan motor having a marked rating over
746 W output (1 hp) is not required as part of the unit cooler if all of the following conditions exist:

a) The motor is located where it is not affected by an external source of heat;

b) The motor is to be field-wired to a separate circuit that does not supply any other loads
within the product;

¢) The motor overload protection is part of separate, field-provided motor control equipment
that does not require wiring interconnection to the product, except for the motor circuit;
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d) Energization of electric heating elements does not occur without motor operation or evidence

of air flow; and
e) The unit is marked as specified in 76.9.

Table 24.1
Overload relay size

Maximum percentage protection
Motor nameplate marking A B
Motor with marked service factor no less than 1.15 125 140
Motor with marked temperature rise no more than 40°C (72°F) 125 140
Any other mofor 115 130

24.2.2 In refefence to 24.2.1 (a) and (b), if the percentage protection specified in Column A of Table 24.1
does not corrgspond to the percentage value of an overload device of a standarg,size, thg device of the
next higher sige may be used. However, the device of the next higher size shall”provide| protection no

higher than that indicated in Column B of Table 24.1

24.2.3 Except as indicated in 24.2.1 {e)}-and(f), a protective electronic-gircuit providing m

shall comply with one of the following:

a) Dgleted

btor protection

b) Standard for Automatic Electrical Controls — Part*1: General Requirements, UL|60730-1 as
well ag the Standard for Automatic Electrical Cantrols — Part 2-9: Particular Requirements for

Tempgprature Sensing Controls, UL 60730-2-9;

c) 25J21 and the protective electronic cireuits tests in Section 70A; or

d) Ndt create any risk of fire, eleetfic shock or injury to persons under abnormal cpnditions with
the prptective electronic circuit-rendered ineffective (open or short-circuited), e.g. Use of a

redunplant circuit or control.

24.2.4 With re¢ference to 24.2.8, the factors outlined in Table 24.2 shall be considered when evaluating a

protective elegtronic circuit,
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Table 24.2

Factors to be considered when evaluating protective electronic circuits

No.

Factor

Conducting failure-mode and effect analysis (FMEA) for the protective circuits and
functions.

Electrical supervision of critical components resulting in the control becoming
permanently inoperative and disconnecting power.

Temperature ranges as follows: minus 35.0 +2°C (minus 31.0 £3.6°F) and 40.0
+2°C (104 +3.6°F)

Cycling test duration: 14 days

Endurance test duration: 100,000 cycles

Radio-frequency electromagnetic field immunity:
A. To conducted disturbances — test level 3

B. To radiated electromagnetic fields — Evaluate in accordance with 70A.84 ahd
70A.3.2

Humidity exposure: 21.1 — 26.7°C (70 — 80°F) and minimum 98 pefcent relative
humidity

Electrical fast transient/burst immunity: test level 4

Surge immunity: installation Class 4

Electrostatic Discharge with a Severity Level of 3 havirig contact discharge at 6 kV|
to accessible metal parts and Air discharge at 8 kV/toyaccessible parts of
insulating material

Voltage Dips and Interruptions: Evaluate in aceordance with 70A.3.8 and 70A.3.2.

Harmonics and Interharmonics: Evaluate in*accordance with 70A.3.9 and 70A.3.2.

Calibration (deviation and drift): Evaluate'itl accordance with 25.11.5 for a
temperature protective control or 25.14,6 for a pressure protective control.

24.2.5 Softwg
shall comply V

a) Dg

b) Th
as we

c) An
Gene

d) Ng
use o

leted

re in a protective electronic circuit r€quired as part of a motor protective de
vith one of the following:

e Standard for Automatic Electrical Controls — Part 1: General Requirements
| as the specific applicable Part 2 and be software Class B;

hex R of thetStanhdard for Safety of Household and Similar Electrical Applian
al Requirements, UL 60335-1 and be software Class B; or

t createrany hazard under abnormal conditions with the software rendered ir
independent redundant protective devices.

ice or system

, UL 60730-1

ces, Part 1:

effective, e.g.
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24.3 Protecti

24.3.1 Three-

on of three-phase motors

phase motors shall be protected by:

a) Three overcurrent protective devices, of the type, rating and set to trip in accordance with

24.2;

or

b) Other protective methods if the methods provide protection under primary single-phase
failure conditions. Equipment with such protective methods shall be marked as described in
73.14.

25 Switches

and Controllers

25.1 A switch
Temperature
consider in dg
ambient temp
are specified

25.2 A switch
rating not lesq
of not less thg

Exception: A
ampere rating

25.3 A switch
shall have a |
controlled plug

Exception: T

ampere rating

a) A
moton

b) An
perce

25.3.1 As an

or other control device shall be rated for the load which it controls as dete
Test — Cooling Mode, Section 50, and the Electric Defrost Test, Section
termining the device rating could include the voltage, current, power factor,
brature and other similar parameters. Power factor requirements for €ach spe
n 60A.5 (a) — (d).

or a similar device that controls an inductive load such as ‘a transformer shall
than twice the total current rating of the inductive load that it controls and a
n the potential of the circuit in which it is used.

n ac general-use snap switch may be used to-control an inductive load not
of the switch at rated voltage.

, relay, or similar device that controls one*or more motors and may also cont
orsepower or equivalent locked roter,ampere rating not less than that of th
b the full load ampere ratings for any” other controlled loads.

lhe following devices are not-required to have a horsepower or equivaleri
Ewitch, relay or other:similar device, if the only load controlled by the device
ac general-usé snap switch, if the motor load being controlled does not exc

nt of the-atnpere rating of the switch at its rated voltage.

alternative to complying with 25.1 — 25.3, a switch or other similar controllin

comply with th

rmined by the
51. ltems to
icontrol device
cific load type

have a current
voltage rating

exceeding the

rol other loads
e motor being

t locked rotor

s a clock-

ped 80

g device shall

eOverload and Endurance Test — Switching Devices, Section 60A.

25.4 A switching device that interrupts the main power supply circuit to a heater of a unit cooler shall be
such that, when open, the device will disconnect all ungrounded conductors of the power supply circuit if
the switching device itself or the pilot device that controls the switching device has a marked ON or OFF
position (the use of the international symbols “ | ” or “O” may be used).
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25.5 A single-pole switching device shall not be connected to the identified (grounded) conductor.

Exception: An automatic control which does not have a marked OFF position need not comply with this

requirement.

25.6 Motor controllers shall be arranged so that they will simultaneously open a sufficient number of

ungrounded ¢

onductors to interrupt current flow to the motor.

25.7 If operation of an electric defrost heater(s) is terminated by a clock-operated switch, the unit cooler
shall be marked in accordance with 76.8 unless:

a) Th
b) Th

25.8 A defrog
The switching

25.9 A tempe

electric heatel
the unit coole

a) Cqg
b) Cd
of the

tempe

25.10 Defrost
controls excef

a) Dg

e switch is provided as an integral part of the unit cooler, or

E unit cooler complies with the Electric Defrost Test, Section 51, without the

t cycle control may control the defrost heaters directly or through other swit
devices need not be provided with the unit cooler.

rature-limiting control that is required to reduce the risk of fire’in the unit ¢
defrost requirements contained in the Burnout Test, Section57) shall be an
and shall:

ntrol the defrost heater(s) directly, or

ntrol the defrost heater(s) indirectly through a‘switching device that is also a
unit cooler. The switching device shall cemply with the endurance test requi
rature limiting controls [see 56.1.2(b) or (¢)].

cycle and temperature-limiting controls for an electric defrost heater or any o
t for motor protective controlsshall comply with one of the following:

leted

b) St

the Standard for Automatic Electrical Controls — Part 2-9: Particular Requirements
Tempgrature Sensing_Controls, UL 60730-2-9.

c) Stqndard forAutomatic Electrical Controls — Part 1: General Requirements, UL
the Standard.for Automatic Electrical Controls — Part 2-6: Particular Requirements
Electr|cal\Pressure Sensing Controls Including Mechanical Requirements, UL 6073

ndard for Automatic\Eléctrical Controls — Part 1: General Requirements, UL

switch.

Ching devices.

pboler (see the

ntegral part of

h integral part

rements for

ther protective

60730-1; and

for

60730-1, and
for Automatic
0-2-6.

d) Deleted

e) Standard for Switches for Appliances — Part 1 General Requirements, UL 61058-1.

f) Sta

ndard for Clock-Operated Switches, UL 917.

g) Standard for Industrial Control Equipment, UL 508.

h) 25.

21 and the protective electronic circuits tests in Section 70A.
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25.11 A protective control other than a motor-protective control shall comply with the endurance test in
56.1 and the calibration test in 56.2 as required for each type of control. These tests may be conducted
during the testing of each control in accordance with 25.10.

25.11.1 In reference to 25.10 (b), (¢), (e), and (h), when determining the acceptability of a protective
control, the control pollution degree shall be as specified in 40A.3 (a) — (d). If the protective control:

a) Has a protective electronic circuit, the factors in Table 24.2 shall be considered; and,

b) Uses software as a required part of the protective electronic circuit, the software shall
comply with 24.2.5 (b) or (c).

rall comply with

ts in Section 24.

tive controls other than those referenced in 24.2.1(a), 24.2.1(b) and 25.9(b)| shall:

ply with the endurance cycle requirements as specified for temperature-limjiting controls

flerence to 25.11.3(b), if a protective control indirectly controls the load through a switching
device, the switching device shall be an integral part-efithe appliance and comply with the endurance
cycle requirenents specified for temperature-limiting_controls in 56.1.2 (b) or (c).

25.11.5 The ¢utout calibration temperature of a-heater protective (temperature-limiting) of defrost cycle
control shall be £10°F (+6°C) of its maximum ‘marked set-point temperature.

25.11.6 The ¢utout calibration pressure of a pressure protective control (pressure-limiting device) shall
not exceed 105 percent of its maximum’marked setting.

25.12 A switgh or control provided as an interlock or interlocking mechanism shall comply with 25.10,
25.11.1, 25.11.3, and 25.11.4,

25.12.1 Appepdix B, Operating and Protective (“Safety Critical”) Control Functions, shall pe referenced
to determine Whether'a/control function is considered to result in a risk of fire, electrical shgck or injury to
persons.

25.13 Female devices (such as receptacles, appliance couplers, and connectors) that are intended, or
that may be used, to interrupt current, shall be rated for current interruption of the specific type of load,
when evaluated with its mating plug or connector. For example, an appliance coupler that can be used to
interrupt the current of a motor load shall have a suitable horsepower rating when tested with its mating

plug.
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25.14 Except as specified in 25.16, an operating control, including of the electronic type, shall comply
with:

a) One of the standards specified in 25.10 (a) — (9);
b) The requirements in this Standard as far as they reasonably apply; or
c) One of the following standards:

1) Standard for Solid-State Controls for Appliances, UL 244A

2) Standard for Automatic Electrical Controls — Part 1: General Requirements, UL

aYa\wisYaWh| PN IH bl [m] 3 0 £ ol ol f YN (NI aYalwisYal H
VUTMToUTT, AU UiCv dppiivaviT T dlt o otdalniudaru 1mutrtin uic UL UU 7T OV oUTIT o, Ul

3) Standard for Power Conversion Equipment, UL 508C.

25.15 A general-use snap switch shall comply with the Standard for General-Use 8nap Switches, UL 20.

25.16 An operating control not complying with 25.14:

a) Shiall be powered entirely by no more than one extra-low-voltage circuit; comply with the
Limiting Impedance Test in the Standard for Industrial Cantrel Equipment, UL 508; or comply
with the low-power test requirement determined as spetified in Clause 19.11.1 of the Standard
for Sgfety of Household and Similar Electrical Appliances, Part 1: General Requirgments, UL

60334-1; and

b) if ysed to control a motor-compressor, shall'comply with the endurance cycle requirements
in 56.1.2(a).

25.17 An opdrating control that complies with\25.14 shall also comply with the following:

a) For electronic controls — Installation Class 2 for electromagnetic Compatibility (EMC) shall be
in acgordance with the voltage-surge testing in 70A.3.6 and comply with the results specified in

70A.3)12;
b) C4qtegory Il shall be)the overvoltage category;

¢) Indulating piaterials shall have a minimum comparative tracking index (CTI) of 100 (Material
Groug ll);

d) The“applicable pollution degree shall be as specified in 40A.3 (a) — (d); and,

e) The endurance cycle requirements specified by either:

1) Table CC.2 of the Standard for Automatic Electrical Controls — Part 2-9: Particular
Requirements for Temperature Sensing Controls, UL 60730-2-9, with the operating
control (limiters) endurance cycle requirements being applied; or,

2) The Overload and Endurance Test — Switching Devices, Section 60A.
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25.18 If an operating control complying with 25.14 indirectly controls a load through a switching device,
the switching device endurance cycle requirements shall be as specified in:

a) 56.1.2(a) if the switching device controls a motor-compressor; or
b) 25.17(e) if the switching device controls a load other than a motor-compressor.

25.18.1 If an operating control referenced by 25.16 indirectly controls a motor-compressor through a
switching device, the switching device endurance cycle requirements shall comply with 56.1.2(a).

25.19 If a control can be used to reduce the risk of fire, electric shock or injury to persons under abnormal
operating conditions of the appliance, but a redundant control (of similar or different design) operates to

perform the ider . - 5 be-ev v be relied upon
as the protegtive control. The control determined to be the protective control shall ‘comply with the
protective confrol requirements in 25.10. The control determined to be the operating céntrol js not required
to comply with the protective control requirements but shall comply with the operating eontroj requirements
in 25.16 or with 25.14 and 25.17.

25.20 A thermistor shall comply with Annex J of the Standard for AutomaticvElectrical Controls — Part 1:
General Requirements, UL 60730-1 or the Standard for Thermistor-Type Devices, UL 1434. The
calibration shall be as specified in 25.11.5. If a thermistor is used:

a) To reduce the risk of fire, electric shock or injury to‘persons under abnormal operating
condifions of the appliance, the minimum number of éndurance cycles shall be 100,000.

b) In pther sensing applications of the appliance,the minimum number of endurarjce cycles
shall Ipe 6,000.

25.21 A protective control as referenced in 24.2:3(c) or 25.10(h) and having a protective elgctronic circuit:

a) In which electronic disconnection-of the circuit could fail, shall have at least twq components
whosg combined operation provides the load disconnection;

b) Shall prevent a risk of fire, electric shock or injury to persons under the relevant fault
condifions specified in (Section 70A.2;

c) In vhich an overcurrent protective device opens during application of any of the fault
condifions specified in 70A.2, shall utilize an overcurrent protective device complying with the
requirementstapplicable to that component. The fault condition causing the overcufrent
protegtive, device to open shall be repeated and the overcurrent protective device $hall again
open fhe_protective electronic circuit. If the overcurrent protective device complies jwith Standard
for Miniature Fuses: Part 1, Definitions for Miniature Fuses and General Requirements for
Miniature Fuse-Links, IEC 60127-1 as well as an applicable Part 2, then the protective device
shall additionally comply with the Fuse-Link Test in Section 70A.5;

d) In which a conductor of the printed wiring board becomes open-circuited during the fault
conditions test in 70A.2, then:

1) The printed wiring board shall comply with the Needle-Flame Test in Annex E of
Standard for Safety of Household and Similar Electrical Appliances, Part 1: General
Requirements, UL 60335-1 or have a minimum flammability rating of V-0 when tested in
accordance with the vertical flame test described in the Standard for Tests for
Flammability of Plastic Materials for Parts in Devices and Appliances, UL 94;
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2) Any loosened conductor shall not reduce spacings below the values specified in the

relevant Sections 39 — 40A; and

3) The specific test in which the printed wiring became open-circuited sha
a second time. There shall be no risk of fire, electric shock or injury to per

Il be repeated
sons and

spacings shall not be reduced below the values specified in the relevant Sections 39 —

40A;

e) Shall maintain its required functions when subjected to the EMC related stresses specified in

the El

unless

supply
shall e carried out after removal of all batteries and other components intended t

progrd
interru

25A Remote

25A.1 Any ur
shall be consi

25A.2 Except
actuation of th
operation, ext

25A.3 In refe
operation, ext

a) Cq
within

b) Lin

25A.4 A uni
operation conf

25A.5 A cont

ectromagnetic Compatibility (EMC) Tests, Section 70A.3; and,

voltage dip will not result in a risk of fire, electric shock or injury to persons

immable component supply voltage during supply source (mains)ivoltage dig
ptions and variations.

y Operated Unit Coolers

it cooler function enabled in response to wireless external communication g
Hered when determining normal and abnormal cohditions of the unit cooler.

as specified in 25A.3, a manual control shall be provided on a unit co
e control is required before the unit coolercan be operated in any mode that
brnal communication or receiving/sending-data signals.

rence to 25A.2, a unit cooler not\provided with a manual control for act
brnal communication or receiving/sending data signals shall be:

pable of remote operationy.external communication or receiving/sending data
line-of-sight; or,

nited only to monitoring external communication or data signals.

cooler shallvinclude a means to manually disconnect, disable or overrid
mands,.external communication or data signals.

rol.that operates in response to remote operation commands, external com

data signals 5

hall not introduce an operating condition or state that could lead to a risk

for one or more of its safety functi

restarting at any point in the operating cycle after interruption of operation g

ns shall be
70A.4,
lue to a

The test
b maintain the
S,

(o]

r data signals

bler such that
ermits remote

uating remote

signals only

e any remote

munication or
pf fire, electric

shock or injury to persons. In addition, such a control shall not:

a) Render inoperative any protective control or protective control function within the unit cooler;

b) Alter the order of control response such as by forcing a protective control to operate instead
of another control that would normally be intended to respond;

c) Re
d) Su

e) Alt

set any protective manual reset feature;
persede the response of any protective control; or

er the response to or expected performance of:
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1) User actuation of controls, movement of doors, covers, grills, filters or the like; or
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2) User interaction with any parts of the unit cooler that could result in exposure of

hazardous electrical parts, moving parts, hot parts or radiation.

25A.6 Compliance with 25A.5 shall be determined by one of the following:

a)
contro

b)

| functions in accordance with Section 25; or

Using methods appropriate for determining the performance and reliability of protective

Examining the unit cooler circuit diagram(s) to determine that a control which operates in

response to remote operation commands, external communication or data signals operates
wholly independent of the unit cooler protective controls and therefore is incapable of adversely
affecting the operation of any protective controls.

26 TransforrLers

26.1 A power

a) Co
UL 50

b) Cd
Trans

¢) ha
than t
during
51.

26.2 The prin
overcurrent d
transformer.

Exception: T
manifestation

26.3 A transf
accordance w
and the Stand
either limit thg
(not inherently

transformer shall:

mply with the Standard for Low Voltage Transformers — Part 1: Gieneral Redq
85-1;

mply with the Standard for Low Voltage Transformers/— Part 2: General Pur
ormers, UL 5085-2; and

e a secondary rating not less than the connected load, except the load may
he marked rating if the transformer does not exceed the maximum allowable
the Temperature Test — Cooling Mode, Section 50 and the Electric Defrost

nary circuit of a power transformeriwhich supplies a motor load shall be pr
bvice rated or set at not morg'dhan 250 percent of the full-load primary

he power transformer is'not required to be protected by an overcurrent devic
of fire in the event the motor locks or fails to start.

brmer that directly supplies a National Electrical Code, NFPA 70, Class 2 ¢
th the Standard for Low Voltage Transformers — Part 1: General Requiremer
ard for Low-Voltage Transformers — Part 3: Class 2 and Class 3 Transforme
output current (inherently limited transformer) or be equipped with an over,
limited transformer).

uirements,

pose

be greater
temperature
Test, Section

otected by an
current of the

e if there is no

ircuit shall, in
ts, UL 5085-1
rs, UL 5085-3,
current device
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27 Valves and Solenoids

27.1 The coil of an electrically operated valve or solenoid shall not overheat when the unit cooler is
subjected to the Temperature Test — Cooling Mode, Section 50, and the Electric Defrost Test, Section 51.

27.2 An electrically operated valve or solenoid shall comply with the Standard for Electrically Operated
Valves, UL 429 or comply with 27.3 and the other components requirements contained in the Burnout
Test, Section 57.

27.3 Coil windings of electrically operated valves or solenoids shall be impregnated, dipped, varnished,

or otherwise treated to resist absorption of moisture.

28 Circuit Breakers;FusingResistors—and-StpplementaryProtectors

28.1 Circuit b
Switches an
telecommuni
Communicatid

28.2 Circuit &
grounded neu
The use of ex|

28.3 Fusing fesistors shall comply with the Standard for Fusing Resistors and Tempe

Resistors for

28.4 Supplen
Electrical Equ

28.5 A fusing
protective con

29 Connectors, Receptacles and Terminals

29.1 Single a
between elec
conductors, (
Component C

reakers shall comply with the Standard for Molded-Case Circuit Breakers,
d Circuit-Breaker Enclosures, UL 489. In addition, circuit lbreaKk
cations circuitry shall comply with the Standard for Circuit, Breakerg
ns Equipment, UL 489A.

reakers used to protect circuits having more than oné<ungrounded cong

ternal handle ties does not in itself constitute a common trip mechanism.

Radio- and Television-Type Appliances, UL 1412.

entary Protectors shall comply with the Standard for Supplementary Protec
pment, UL 1077.

resistor or supplementary protector shall not be used in place of a circ
trol.

hd multipole confhéctors for use in data, signal, control and power applicatic
rical equipment,)and that are intended for factory assembly to copper o
r for factoryy\assembly to printed wiring boards, shall comply with the
pnnectorsdor Data, Signal, Control and Power Applications, UL 1977.

29.2 Wire corlmectors shall comply with the Standard for Wire Connectors, UL 486A-486B

Molded-Case
ers used in
For Use in

uctor and no

ral shall be of the multipole common trip type arranged, to-open all ungroundeéd conductors.

rature-Limited

ors for Use in

Lit breaker or

ns within and

copper alloy
Standard for

29.3 Splicing wire connectors shall comply with the Standard for Splicing Wire Connectors, UL 486C.

29.4 Receptacles shall comply with the Standard for Attachment Plugs and Receptacles, UL 498.

29.5 Quick-connect terminals shall comply with the Standard for Electrical Quick-Connect Terminals, UL

310.
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30 Electrical Cable, Conduit and Tubing
30.1 Aluminum or steel armored cable shall comply with the Standard for Armored Cable, UL 4.

Nonmetallic sheathed cables shall comply with the Standard for Nonmetallic-Sheathed Cables, UL 719.

30.2 Flexible metal conduit shall comply with the Standard for Flexible Metal Conduit, UL
conduit shall comply with the Standard for Electrical Rigid Metal Conduit — Steel, UL 6.

1. Rigid steel

30.3 Electrical steel tubing shall comply with the Standard for Electrical Metallic Tubing — Steel, UL 797.

31 Electrical Insulation Systems

31.1 Film-coa
(Class A) sh
requirements for film-coated wire or materials used in insulation systems that operdteg be
(Class A) are Junspecified.

31.2 Insulating tape shall comply with the Standard for Polyvinyl Chloride, Polyethyleng
Insulating Tapge, UL 510.

31.3 Insulating sleeving shall comply with the Standard for Coated Eleetrical Sleeving, UL
31.4 Insulating tubing shall comply with the Standard for Extruded’Insulating Tubing, UL 2
32 Electromagnetic Interference Filters
32.1 Electromagnetic interference filters shall comply, with:

a) Standard for Electromagnetic Interference Filters, UL 1283; or

b) Standard for Passive Filter Units-for Electromagnetic Interference Suppression
Passiye Filter Units for Which, Safety Tests are Appropriate, UL 60939-3.

33 Fuses ang Fuseholders
33.1 Fuses shall comply with_the Standard for Low-Voltage Fuses — Part 1: General Req
248-1, in conjlinction withzany of the associated standards tabulated below, as applicable f

fuse:

a) The Standard for Low-Voltage Fuses — Part 4: Class CC Fuses, UL 248-4;

pqve Class 105

UL 1446. The
ow Class 105

, and Rubber

1441.

24.

— Part 3:

uirements, UL
pr the class of

b) The Standard for Low-Voltage Fuses — Part 5: Class G Fuses, UL 248-5;
c) The Standard for Low-Voltage Fuses — Part 8: Class J Fuses, UL 248-8;
d) The Standard for Low-Voltage Fuses — Part 9: Class K Fuses, UL 248-9;
e) The Standard for Low-Voltage Fuses — Part 10: Class L Fuses, UL 248-10;
f) The Standard for Low-Voltage Fuses — Part 11: Plug Fuses, UL 248-11;

g) The Standard for Low-Voltage Fuses — Part 12: Class R Fuses, UL 248-12; or
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h) The Standard for Low-Voltage Fuses — Part 15: Class T Fuses, UL 248-15.

i) The Outline of Investigation for Low-Voltage Fuses — Part 17: Class CF Fuses, UL 248-17.

33.2 Fuseholders shall comply with the Standard for Fuseholders — Part 1: General Requirements, UL
4248-1, in conjunction with any of the associated Standards tabulated below, as applicable for the class

of fuseholder:

a) The Standard for Fuseholders — Part 4:

b) The Standard for Fuseholders — Part 5:

Class CC, UL 4248-4;

Class G, UL 4248-5;

c) The-StanderdforfFuseholders—Part-8-ClassdBE4248-8:

d) The Standard for Fuseholders — Part 9: Class K, UL 4248-9;

e) The Standard for Fuseholders — Part 11: Type C (Edison Base) and Type S PI
4248-[11;

f) The Standard for Fuseholders — Part 12: Class R, UL 4248-12;0r

g) The Standard for Fuseholders — Part 15: Class T, UL4248-15.

i) The Outline of Investigation for Fuseholders — Part:17: Class CF Fuseholders, |

33.3 A plug fiiseholder in a unit cooler intended to be corinected to a 125 or a 125/250 vol

shall be wired
34 Lighting §
34.1 Lampho

34.2 Lighting

a) Standard for Fluorescent-Lamp Ballasts, UL 935; or

b) Standard for High-Intensity-Discharge Lamp Ballasts, UL 1029.

34.3 Light En
(LED) Equipm

bystems

in the unidentified (ungrounded) conductor with the screw shell connected to

ders and indicating lamps shall comply with the Standard for Lampholders, |

ballasts shall comply with'one of the following:

hitting ‘Diede (LED) light sources shall comply with the Standard for Light E

ent\For Use in Lighting Products, UL 8750.

g Fuse, UL

L 4248-17.

, 3-wire circuit
ward the load.

UL 496.

Emitting Diode
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35 Optical Isolators and Semiconductor Devices

35.1 An optical isolator shall comply with the Standard for Optical Isolators, UL 1577, if it is relied upon

to provide isol

a) Pri

ation between:

mary and secondary circuits;

b) Extra-low-voltage safety circuits; or

c) Other high-voltage circuits.

35.1.1 In addition to complying with 35.1, an optical isolator relied upon to provide feedback between

primary and s
of 1500V.

35.2 A powe
comply with
semiconducto
voltage of 150

ol H 3+ £ Hak ol 1 it ball kb i
pLUTTUdly UITUUTLO UT A OVWILLTT TTTUUT PJUVWTT OUPPMTY UTTTL of'TAall T1ave A TTrirmunT 1o

switching semiconductor device that is relied upon to provide isolation tq

he Standard for Electrically Isolated Semiconductor Devices, UL 1557. If
r is used as part of a switch mode power supply unit, it shall \fave a mini
0V.

36 Outlet Boxes

36.1 Outlet b
Nonmetallic {
Standard for (
for Cover Plaf]

bxes shall comply with the Standard for Metallic Outlet Boxes, UL 514A, or th
utlet Boxes, Flush-Device Boxes, and Covers;sUL 514C. Fittings shall co
Conduit, Tubing, and Cable Fittings, UL 514B."Cover plates shall comply with
s for Flush-Mounted Wiring Devices, ULASH4D.

37 Power Supplies

37.1 A power

a) Fo

supply shall comply with one ef.the following:
I a Class 2 Power Supply:
1) Standard for.Class 2 Power Units, UL 1310; or

2) Standard'for Information Technology Equipment — Safety — Part 1: Ger
Requirements, UL 60950-1 and with the Class 2 or limited power source r

' a power supply that is other than Class 2:

plation voltage

ground shall
the switching
mum isolation

b Standard for
mply with the
the Standard

eral
bquirements.

1) Standard for Power Units Other Than Class 2, UL 1012; or

2) Standard for Information Technology Equipment — Safety — Part 1: General

Requirements, UL 60950-1.

c) For a switch mode power supply unit not complying with (a) or (b), the relevant requirements
in this Standard, including the Switch Mode Power Supply Units — Overload Test, Section 61A,
shall be applied.
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37.2 Deleted
38 Terminal Blocks

38.1 Terminal blocks shall comply with the Standard for Terminal Blocks, UL 1059. A terminal block
intended for field wiring shall comply with the requirements in UL 1059 that are applicable to field wiring.

38.2 Power distribution blocks shall comply with the Outline of Investigation for Power Distribution Blocks,
UL 1953.

38.3 In reference to 38.1, if a fabricated part performs the function of a terminal block, the part shall
comply with Terminals, Section 15.2, Current-carrying parts, Section 20, Insulating material, Section 22,
and the spacifg—tegtirermer High-voltage—ciretit—spacings;—Seetion—35——¢ a-towvoltage circuit

spacings, Sedtion 40.

38A Information Technology Equipment
38A.1 Information technology equipment such as a printer, visual display unit, router, gommunication
connectors/data ports or computer shall comply with the Standard for Information Technolqgy Equipment
— Safety — Paft 1: General Requirements, UL 60950-1.
SPACINGS
39 High-Voltage Circuits
39.1 The follqwing electrical spacing requirements apply-to high-voltage circuits, as defined in 3.7(b).

39.2 Unless gpecifically noted otherwise, the spacings between uninsulated live parts of ogposite polarity
and between @n uninsulated live part and a dead:metal part shall be not less than the valugs indicated in

Table 39.1.

Table 39.1
Electrical spacings.in-refrigerated and/or air-handling compartments

Minimum spacing
To quter enclosure or
Ratings Through air? Over surface? cabinet®

Volt-Amperes Volts inches (mm) inches (mm) inghes (mm)
2000 or legs 300 or less 1/80 (3.2) 1/4 (6.4) 1/4 (6.4)
2000 or less 307 = 600 378 @.5) 172 2.7 2 (12.7)
More than 2000 150 or less 1/8P (3.2) 1/4 (6.4) 1/2 (12.7)
151 — 300 1/4 (6.4) 3/8 (9.5) 1/2 (12.7)

301 — 600 3/8 (9.5) 1/2 (12.7) 1/2 (12.7)

Table 39.1 Continued on Next Page
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Table 39.1 Continued

Minimum spacing

Ratings Through air? Over surface?

Volt-Amperes

Volts inches (mm) inches (mm) inc|

To outer enclosure or

cabinet®
hes (mm)

1/16 inch (1.6 mm) Through Air and Over Surface for heaters rated 0 — 300 volts.

1/4 inch (6.4 mm) Through Air and Over Surface for heaters rated 301 — 600 volts.

® The spacings
inch (6.4 mm), ¢
need not be gre

¢ Includes fitting

etween wiring terminals of opposite polarity or between a wiring terminal and ground shall\be_i
xcept that if short-circuiting or grounding of such terminals will not result from projecting(Strandg
hter than that given in the above Table. Wiring terminals are those connected in the field,and n

5 for conduit or metal-clad cable.

a At points other than field-wiring terminals, the spacings for heater elements only may be as indicated below provided the
elements are not subject to moisture, such as may result from condensation on cooled surfaces:

ot less than 1/4
of wire, spacing
t factory wired.

39.3 The “Th
individual com
the componer
motor are ba
controls loads|
so controlled,
based on the
to be determir
marked rating

39.4 The spa

enclosed nonfefrigerated and/or nonair handling compartments which are free of moisture,

caused by co

spacings in Table 39.1 apply.

rough Air” and “Over Surface” spacings given in Tables 39.1\and 39.2 as m|
ponent part are to be based on the total volt-ampere consumption of the load
t controls. For example, the spacings at a component which controls only th
bed on the volt-amperes of the compressor motor,-fe spacings at a con

except that spacings at a component which {independently controls sepa
volt-amperes of the larger load. The volt-ampere values for the loads referre
ed by the marked rating of the load, except‘that for loads which are not reqy
the measured input is to be used in determining the volt-ampere values.

Cings indicated in Table 39.2 are applicable only to electrical components mo
ndensation. At wiring terminals ‘and for circuits over 250 volts or over 2000

Table 39.2
Spacings in non-refrigerated and/or non-air handling compartments

easured at an
or loads which
e compressor
ponent which

in addition to the compressor motor are based on‘the’sum of the volt-ampergs of the loads

ate loads are
| to above are
ired to have a

inted in totally
including that
volt-amperes,

Ratihgs Minimum spacing
To outer enclosure or
Through air Over surface cabinet?
Volt-amperes Volts inches (mm) inches (mm) inches (mm)
0 — 2000 0-125 1/16 (1.6) 1/16 (1.6) 1/4 (6.4)
126 — 250 3/32 (2.4) 3/32 (2.4) 1/4 (6.4)

Note — See 39.4.

2 Includes fittings for conduit or metal-clad cable.

39.5 All uninsulated live parts connected to different circuits shall be spaced from one another as though
they were parts of opposite polarity in accordance with the requirements indicated above and shall be
based on the highest voltage involved.



https://ulnorm.com/api/?name=UL 412 2018.pdf

50B

REFRIGERATION UNIT COOLERS - UL 412

JANUARY 9, 2017

39.6 With reference to 39.2 and 39.3, the “To outer enclosure or cabinet” spacings are not to be applied
to an individual enclosure or cabinet of a component part within the outer enclosure or cabinet.

39.7 The electrical clearance resulting from the assembly of the components into the complete machine,
including clearance to dead metal, metal enclosures or metal cabinets, shall be those indicated.

39.8 If higher than rated potential is developed in a motor circuit through the use of capacitors, the rated

voltage of the

Exception:

system shall be employed in applying the spacings indicated in this section.

If developed steady-state potential as determined in the Temperature Test — Cooling Mode,

Section 50, exceeds 500 volts; in which case, the developed potential is to be used in determining the
spacings for the parts affected.

39.9 An insul
be less than t
located or of

Exception No
spacing of no

Exception Nd
mechanical, a

39.10 The sp|
circuit and a d
potential is 60

bting lining or barrier of fiber or similar material, employed where spacings-w
he required values, shall be no less than 0.028 inch (0.7 mm) in thicknéss a
uch material that it will not be adversely affected by arcing.

1: Fiber no less than 0.013 inch (0.3 mm) thick may be usedin conjunct
less than 50 percent of the spacing required for air alone.

. 2: Material having a lesser thickness may be used if it has equivalg
nd flammability properties when compared with matérials in thicknesses spe

acing between uninsulated live terminals of thexcomponents in an electric-d
ead metal part, metal enclosure or cabinet shall not be less than 1/2 inch (1
0 volts or less and not less than 3/4 inch(19.1 mm) if the potential is 601 —

40 Extra-Low Voltage Circuits

40.1 The follg

40.2 A circuit
in series with
circuit.

40.3 The sp3

includes a ma
may result in

a) Th

wing electrical spacing requirements apply to extra-low-voltage circuits, as de

derived from a source of-supply classified as a high-voltage circuit, by connec

buld otherwise
nd shall be so

on with an air

ent insulating,
cified above.
scharge lamp

2.7 mm) if the
1000 volts.

ined in 3.7(a).

ing resistance

he supply circuit as a means of limiting the voltage and current, is not an exfra-low-voltage

cings for extra-low-voltage electrical components which are installed in g
tor overload.protective device or other protective device where a short or gr
b risk of fire~or electrical shock shall comply with the following:

e spacing between an uninsulated live part and the wall of a metal enclosurg

cabingtyincluding fittings for the connection of conduit or metal-clad cable, shall be

circuit which
ounded circuit

or metal
not less

than 1/8 inch (3.2 mm).

b) The spacing between wiring terminals, regardless of polarity, and between the wiring
terminal and a dead-metal part, including a metal enclosure or cabinet and fittings for the
connection of conduit which is not prohibited from being grounded when the device is installed,
shall be not less than 1/4 inch (6.4 mm).

¢) The spacing between uninsulated live parts regardless of polarity and between an
uninsulated live part and a dead-metal part, other than a metal enclosure or cabinet which is
not prohibited from being grounded when the device is installed, shall be not less than 1/32 inch
(0.8 mm) provided that the construction of the parts is such that spacings will be maintained.
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40.4 The spacings in extra-low voltage circuits which do not contain devices such as indicated in the
previous paragraphs are not specified.

40A Alternate Spacings — Clearances and Creepage Distances

40A.1 Other than as specified in 40A.2, the spacings requirements in the Standard for Insulation
Coordination Including Clearances and Creepage Distances for Electrical Equipment, UL 840, are
applicable as an alternative to the specified spacings requirements in the following:

a) High-Voltage Circuits, Section 39; and

b) Extra-Low Voltage Circuits, Section 40.

40A.2 The sp
Creepage Dis
terminals or b

40A.3 The itg
the requirem
Distances for

a) Hs

b) Co
the fo

¢) Ing

d) Ou

e) Category\l-is the overvoltage category.

acing requirements in the Standard for Insulation Coordination Including-C
ances for Electrical Equipment, UL 840, shall not be used for spacings Detwe
btween uninsulated live parts and a metal enclosure.

ms specified in (a) — (f) shall be considered when evaluating a\refrigeration
ents in the Standard for Insulation Coordination Including™\Clearances ¢
Electrical Equipment, UL 840:

rmetically sealed or encapsulated enclosures are idéntified as pollution degr

ated printed wiring boards are identified as pollution degree 1 if they comply|
lowing:

1) The Printed Wiring Board Coating, Performance Test in the Standard fo
Coordination Including Clearances;and Creepage Distances for Electrical
UL 840; or

2) Conformal coating requirements as outlined in the Standard for Polyme
in Printed Wiring Boards, UL 746E.

oor use unit coolers'are identified as pollution degree 2.

tdoor use unitrcoolers are identified as pollution degree 3.

f) Pripted wiring boards are considered as having a minimum comparative trackin

earances and
en field wiring

unit cooler to
nd Creepage

e 1.

P
=

with one of

r Insulation
Equipment,

ric Materials

— Industrial Laminates;-Rilament Wound Tubing, Vulcanized Fibre, and Materials Used

y index (CTI)

of 100 unless further investigated for a higher CTI index.

40A.4 Clearance B (Controlled Overvoltage) clearances as specified in the Standard for Insulation
Coordination Including Clearances and Creepage Distances for Electrical Equipment, UL 840, shall be
achieved by providing an overvoltage device or system as an integral part of the unit cooler.
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REFRIGERATION SYSTEM

41 Refrigerant

41.1 The kind of refrigerant intended for use with the unit cooler shall:

a) Have flammability characteristics that have been evaluated in accordance with the Standard
for Refrigerants, UL 2182; or,

b) Be subjected to a compositional analysis to confirm a composition consistent with a
refrigerant specified in the Standard for Designation and Safety Classification of Refrigerants,
ANSI/ASHRAE 34.

41.2 In refer
composition (1
accordance wj
a) Inf
b) Gs
42 Refrigera

421 The w

A
refrigerant-co

Exception No
cabinet or asg

Exception No
their:

a) R
b) St
c) Re
d) Pr

e) Cd

ence to 41.1(b), the chemical composition of the refrigerant, including
ypes and percentages) of a blended refrigerant, shall be determined by analy
th 70B using:

rared analysis for single component refrigerants; or

s chromatography for blended refrigerants.

ht Tubing and Fittings

| thickness of aluminum, copper or steel tubing including capillary usq
taining components shall not be less than indicated in Table 42.1.

1: Copper or steel capillary tubing that“is protected against mechanical d
embly shall have a wall thickness not,less than 0.020 inch (0.51 mm).

2: Special alloys used for refrigérant-containing component tubing shall be

sistance to mechanical abuse,
ength against internal pressure,
sistance to«c@rfosion,

btectionagainst refrigerant contamination, and

the nominal
tical testing in

d to connect

amage by the

evaluated for

nformity with the requirements in the Safety Standard for Refrigeration Systg

ms, ASHRAE

Standard 15, as compared to tubing of the minimum wall thickness indicated in Table 42.1.
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Table 42.1
Minimum wall thickness for aluminum, copper, and steel tubing
Copper Steel Aluminum
Protected? Unprotected Protected or Protected or
Outside diameter unprotected unprotected
Inches (mm) Inches (mm) Inches (mm) Inches (mm) Inches (mm)
1/4 (6.4) 0.0245 (0.622) 0.0265 0.673 0.025 (0.64) 0.0350 (0.89)
5/16 (7.9) 0.0245 (0.622) 0.0265 0.673 0.025 (0.64) 0.0350 (0.89)
3/8 (9.5) 0.0245 0.622) 0.0265 (0.673) 0.025 (0.64) 0.0350 (0.89)
1/2 (12.7) 0.0245 (0.622) 0.0265 0.724 0.025 (0.64) 0.0350 (0.89)
5/8 (15.9) 0.0315 (0.800) 0.0315 0.800 0.032 (0.81) 0.0488 (1.24)
3/4 o1y 00315 {0-800) 0-0385 0978 0032 {081y 0.0488 (1.24)
7/8 (22.2) 0.0410 (1.041) 0.0410 1.041 0.046 (1.17) 0.0650 (1.65)
1 (25.4) 0.0460 (1.168) 0.0460 1.168 - - 0.7200 (1.83)
1-1/8 (28.6) 0.0460 (1.168) 0.0460 1.168 0.046 @17y - -
1-1/4 (31.8) 0.0505 (1.283) 0.0505 1.283 0.046 (117) - -
1-3/8 (34.9) 0.0505 (1.283) 0.0505 1.283 - - - -
1-1/2 (38.1) 0.0555 (1.410) 0.0555 1.410 0.062 (1.57) - -
1-5/8 (41.3) 0.0555 (1.410) 0.0555 1.410 - - - -
2-1/8 (54.0) 0.0640 (1.626) 0.0640 1.626 = - - -
2-5/8 (66.7) 0.0740 (1.880) 0.0740 (1.880) - - - -
NOTE — Nomingl wall thickness of tubing will have to be greater than the thickness indicated to maintain the mipimum wall
thickness.
a Within the unit|cooler.
42.2 Tubing s$hall be constructed of corrosion resistant material, such as copper, or shall be plated,

dipped, coatefl, or otherwise treated to resist external corrosion. Aluminum is not prohibited from being

used where th
handle R717

42.3 Tubing g
soldering or
Refrigeration

e material is not subject to galvani¢ corrosion. Copper or brass tubing shall
ammonia).

onnections shall be made by means of flare-type fittings with steel or forged

brazing, or by equivalent means. Flare-type fittings shall conform to the
[ube Fittings — Genéral* Specifications, SAE J513.

Exception: Jpints in tubing intended to handle R717 (ammonia) shall be brazed or welde

hot be used to

brass nuts, by
Standard for
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43 Refrigerant-Containing Parts

43.1 Parts of a unit cooler subjected to refrigerant pressure shall withstand, without failure, the pressure
indicated in the Strength Tests — Pressure Containing Components, Section 65, or shall comply with the
Standard for Refrigerant-Containing Components and Accessories, Nonelectrical, UL 207.

43.2 Parts of a unit cooler subjected to refrigerant pressure shall be constructed of corrosion resistant
material, such as copper or stainless steel, or shall be plated, dipped, coated, or otherwise treated to resist
external corrosion.

43.3 Copper or brass shall not be used in parts intended for use with ammonia (R717).

43.4 Magnes' “IAI a”u_yc oha” IIUt bU UDUd ;II parto ;I ItUI |dcd tU hcu Id:U arty Uf thU ha:uycllat d refrigerants.

43.5 A pressire vessel that contains liquid refrigerant and is over 3 inches (76 mm)(insid¢ diameter but
does not excged 3 cubic feet (0.085 m?3) internal gross volume, shall have a pressure-relief device or
fusible plug.

43.6 A pressiire vessel that contains liquid refrigerant, exceeding 3 cubic eét (0.085 m3)| and has less
than 10 cubiclfeet (0.283 m3) internal gross volume, shall have a pressuré-relief device.

43.7 A presslire vessel of 10 cubic feet (0.283 m?3) internal gross volume or larger, pther than an
evaporator, which contains liquid refrigerant, shall be prote¢ied by a relief system consisting of a
pressure-relief valve in parallel with a second pressure-relief:valve, or shall have provisigns, such as a
fitting(s), for the installation of such a system. Each relief“valve shall have a discharge capacity as
determined by 44.1. See 43.8 and 43.9.
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43.8 A single pressure-relief valve, or a fitting for its installation, shall not be on a pressure vessel having
an internal gross volume of 10 cubic feet (0.0283 m3) or more.

Exception: The vessel is intended to be used in a system where the pressure-relief valve is to discharge
into the low side of the refrigeration system, and the valve is of a type not adversely affected by back
pressure.

43.9 A pressure vessel intended to be used as an evaporator or part of an evaporator and having an
inside diameter between 3 — 6 inches (76 — 152 mm) inclusive shall have a pressure-relief device or
fusible plug.

43.10 A pressure vessel intended to be used as an evaporator or part of an evaporator and having an

inside diametetereaterthan-6-neches

43.11 There $hall be no stop valve between the pressure-relief means and the pafts or |section of the
system that afe required to be protected.

Exception: When parallel relief devices are so arranged that only one is rendéred inopergtive at a time
for testing or fepair purposes.

43.12 A pressure-relief device shall:

a) Bel connected as close as possible to the pressure vessel or part of the system that it is
intended to protect;

b) Beinstalled so that it is accessible for inspection and repair, and cannot be rerjdered
inopefative so that it will not perform its intended function; and

c) Have its discharge opening located and directed so that:

1) Operation of the deviceidoes not deposit moisture on bare live parts orjon insulation
or components detrimentally affected by moisture, and

2) The risk of scalding persons is reduced.

43.13 Unit cgolers intended\to utilize carbon dioxide (R744) in a secondary loop or a cascade system
shall be protegted by the«ollowing pressure relief devices:

a) A pressure-relief valve set to open as indicated in 45.2.

b) A pressure regulating relief valve set to operate at no higher than 90 percent of the marked
setting of the pressure relief valve.

43.14 The requirements for a pressure relief device indicated in 43.13 are:
a) Not to be located on the unit cooler.

b) Shall comply with the refrigeration condensing unit requirements in the Standard for Heating
and Cooling Equipment, UL 1995, for (R744) in a secondary loop or cascade system.
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43.15 Unit coolers intended to utilize carbon dioxide (R744) in a secondary loop or cascade system shall
not include a pressure vessel.

44 Required Discharge Capacity

44.1 The minimum required discharge capacity and the rated discharge capacity of a relief valve shall be
in accordance with calculations specified in the ASME Boiler and Pressure Vessel Code.

45 Relief Valves
45.1 Pressure-relief valves shall comply with the requirements of the American Society of Mechanical

Engineers (ASME) Boiler and Pressure Vessel Code, Section VIII. Valves shall bear the authorized Code
”"UV” symbol with-th 5 c ity—and-pipe-size-of-th e

Exception: Fpr valves of less than nominal 1/2 inch pipe size where the pipe’s surface ar
enough for the code symbol, the code symbol is to be omitted and the set pressure and ca
stamped on the valve or on a metal plate attached to it. Manufacturers of valves‘which d

pa is not large
pacity is to be
b not bear the

code symbol shall provide evidence of cetrtification of the valve and its pressure and cap

proper code

45.2 Pressurg

marked desig
45.3 The mar
less than the
44 1.

46 Fusible P
46.1 The min|
plug shall be
Systems, ASH
PERFORMAN

47 General

47.1 Test voltage

47.1.1 Unit ¢

uthorities.

-relief valves shall be set and sealed with a start-to-discharge pressure not
h pressure of the pressure vessel protected.

ked discharge capacity of a pressure-relief valve.installed on a pressure vessg
Mminimum required discharge capacity required for that pressure vessel as G
ugs or Rupture Members

mum required discharge capacity and the rated discharge of a rupture men
in accordance with the calculations specified in the Safety Standard for

RAE Standard 15.

CE

polersrare to be tested at 60 hertz (Hz) potentials maintained at the unit

acity rating by
exceeding the
el shall be not

omputed from

nber or fusible
Refrigeration

cooler supply

connections in

accordance with Table 47.1.

Exception: Unit coolers rated at frequencies other than 60 Hz shall be tested at their rated voltages and

frequencies.
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Table 47.1
Test voltages

Name plate voltage rating Normal test voltage
110 to 120 120
208
208
220 to 240 240
254 to 277 277
440 to 480 480
550 to 600 600
Other Rated
47.2 Temperature measurements
47.2.1 Temperatures are to be measured by thermocouples, except that the change-in-resigtance method
may be used {o measure the temperature of motor windings or of coils. See 50.2.*The thermocouples are

to consist of 24 — 30 AWG (0.21 — 0.05 mm?) wires. The thermocouples and.related instrum
accurate and falibrated. The thermocouple wire is to conform to the requirements for “spg
thermocouple$” as listed in the Tolerances on Initial Values of EMF (versus Temperature
Standard Specification and Temperature-Electromotive Force (emf) Tables for
Thermocouplds, ANSI/ASTM E230/E230M.

47.2.2 A ther
thermal contal
thermal conta
surface is inv(

mocouple junction and adjacent thermocoupleslead wire are to be securely h
ct with the surface of the material whose temperature is being measured.

bt will result from securely taping or cementing the thermocouple in place, but
Ived, brazing or soldering the thermocouple to the metal may be necessary.

47.2.3 If the thermocouple are used in the determination of temperatures in connection w
of electrical efjuipment, it is a standard practice to employ thermocouples consisting of 3
mm?) iron and constantan wires and a patentiometer type of indicating instrument. This eqy
used whenevgr referee temperature measurements by means of thermocouples are neceg

47.2.4 Excepi as specified in 42:2:5, during any test in which temperatures are measured
are to be monjitored until maximum temperatures are attained. Thermal equilibrium is to be
exist when three successive teadings indicate the same or decreasing temperatures. Read
taken at the end of notdess than three consecutive periods, the duration of each period is

47.2.5 In ref

ents are to be
pcial tolerance

tables in the
Standardized

eld in positive
n most cases
where a metal

th the heating
0 AWG (0.05
ipment will be
sary.

temperatures
considered to
ings are to be
to be not less

etween higher

and lower te

ad cycling on

and off due to operatlon of a protectlve deV|ce) equmbrlum is to be con3|dered obtalned when three

successive peak temperatures indicate the same or decreasing temperatures.

47.2.6 In reference to 47.2.4 and 47.2.5, the recorded temperature is to be the highest of the three

readings.
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48 Tests on Nonmetallic Materials

48.1 Nonmetallic materials are to be evaluated as indicated in Table 48.1.

Table 48.1

Tests on nonmetallic materials — Based on nhonmetallic requirements in Nonmetallic Material
Classification, Section 8, and Nonmetallic Material - Ignition Source Separation, Section 9

Nonmetallic component Applicable test number

A part serving as an enclosure for ignition sources.
A part serving as a cabinet.
A functional part.

12, 2a 3b or4h 6, 7° 84 9 10, 11, 12, 13
Minimum 4", 6, 7¢, 89, 9, 10, 11, 12, 13
Minimum 4", 6, 7¢, 89, 10, 11, 12

A nonfunctiof

al part. Minimum 4", 9

NOTES
1. 5 inch end|
2. 5V rated n
3. V-0, V-1,
4. HB or HBH
less 9.

5. HBF, HF-1

7. Fastener §
8. Adhesive ]
9. Radiant P4
to parts form
ft2(0.93 m2).
10. Volume H
than specifie:
an uninsulatg
11. High Cur
indirect supp!
inch (0.79 mi
materials suf
12. Hot Wire
resistors. If g
materials; or
13. Impact T

6. Mold Streds-Relief Test ©.

for enclosurep containing/moving parts.

product flame test ©.
aterial f.

-2, HF-1, HF-2 rated materials f 3/4 inch End Product Flame Test® or 12 mm End Product Flan]
rated materialf or a material with a flame spread rating of 25 or less anda $moke developed r

, HF-2 rated materials .

trength Test, Section 69.
fest ©.

nel or Surface Burning Characteristic Test 9 — A flame_spread index (FSI) of not more than 20(
Ing portions of the external enclosure, or of a decorative’part if the total area of the enclosure e

tesistivity Test © — Applies only if electrical spagings between uninsulated live parts and the mat
I in line-voltage circuits, and extra-low voltage(Class 2) circuits, or if the part is used as indirec
d live part.

ent Arc Ignition Test © — Applies only if'the material is used to enclose uninsulated live parts or
brt of uninsulated live parts. The test'does not apply if uninsulated live parts are located a minin|
h) from the part. When the High Current Arc Ignition test is conducted, no ignition shall occur tg
jected to 15 arcs; V-1, V-2, or6V materials subjected to 30 arcs; or to HB materials subjected
Ignition Test © — Applies anly if the material is within 1/2 inch (12.7 mm) of electrically-heated W
bplicable, ignition shall™not occur in less than 10 seconds for V-0 materials; 15 seconds for V-1
30 seconds for V-27or-HB materials.

bsts © — 5 ft-Ib (6:8 J) impact for enclosures containing uninsulated live and hot parts, 1.5 ft-Ib (4

e Test ©.
ating of 50 or

applies only
ceeds 10

erial are less
support of

to provide
um of 1/32
V-0

b 60 arcs.
res or

br 5V

.0 J) impact

2 An enclosu
barrier in pla

b A material

e provided with a barrier interposed between the material and an ignition source will be tested
e.

vithha, V-2 minimum rating is able to be used to enclose an ignition source if the ignition source

ith the

s only

energized as|

a ‘result of a continuous action by an attending operator.

¢ Applies to an enclosure that serves only to reduce the risk of electric shock and having ultrasonic welds, heat welds,
polymeric screws or nuts, metal screws threaded into a polymeric part, or other means where degradation of a polymeric
material affects securement.

d Applies only if the adhesive is relied on to maintain the integrity of an enclosure or functional part.
€ Tested or rated as described in Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.
f Tested or rated as described in Tests for Flammability of Plastic Materials for Parts in Devices and Appliances, UL 94.

Table 48.1 Continued on Next Page
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Table 48.1 Continued

Nonmetallic component I Applicable test number
9 Tested or rated as described in Standard Test Method of Surface Flammability of Materials Using a Radiant Heat
Energy Source, ASTM E162 or Test for Surface Burning Characteristics of Building Materials, UL 723.

h These materials are able to be used if ignition sources are separated or isolated in accordance with Nonmetallic
Material - Ignition Sources Separation, Section 9.
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49 Input Test

49.1 The measured input to a unit cooler shall not exceed the individual rating of each load or group of
loads or the total rating as marked on the nameplate by more than 10 percent when tested as described
in the Temperature Test — Cooling Mode, Section 50, and the Electric Defrost Test, Section 51.

50 Temperature Test — Cooling Mode

50.1 The temperature rises measured on the electric components and surfaces of a unit cooler shall not

exceed those specified in Table 50.1.

Table 50.1
Mesc : : .
Degrees
Device or material C F
A. Motors
1. Class A insulation systems on coil windings of alternating-current motors.faving a
frame diameter of 7 inches (178 mm) or less?
a. In open motors —
Thermocouple or resistance method 75 135
b. In totally enclosed motors —
Thermocouple or resistance method 80 144
2. Class A insulation systems on coil windings of alterhating-current motors having a
frame diameter of more than 7 inches (178 mm)?
a. In open motors —
Thermocouple ‘method 65 117
Resistance method 75 135
b. In totally enclosed motors —
Thermocouple method 70 126
Besistance method 80 144
3. Class B insulation systemsjon coil windings of alternating-current motors having a
frame diameter of 7 inches (178 mm) or less
a. In_open ‘motors —
Thermocouple or resistance method 95 171
b. In totally enclosed motors —
Thermocouple or resistance method 100 180
4. Clags Btinsulation system on coil windings of alternating-current motors having a
frame diameter of more than 7 inches (178 mm)
a. In open motors —
Thermocouple method 85 153
Resistance method 95 171
b. In totally enclosed motors —
Thermocouple method 90 162
Resistance method 100 180
B. Components
1. Capacitors
Electrolytic types® 40 72
Other types? 65 117
2. Field wiring 35 63
3. Relay, solenoid, and other coils (except motor coil windings) with:°
a. Class 105 insulated winding —

Table 50.1 Continued on Next Page
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Table 50.1 Continued

Degrees
Device or material C F
Thermocouple method 65 117
Resistance method 85 153
b. Class 130 insulation —
Thermocouple method 85 153
Resistance method 105 189
4. Solid contacts 65 117
5. Transformer enclosures — with
- Sless—2-trafstormers 60 108
b. Power transformers 65 117
6. Wood or other flammable material 65 117
C. Insulated onductors
1. Flexible cords and wires with rubber, thermoplastic, or neoprene insulation unless
recognized as having special heat-resistant properties as follows:
Temperature Rating
Degrees C Degrees’F
60 140 35 63
75 167 50 90
80 176 55 99
90 194 65 117
105 221 80 144
D. Surfaces
1. Surfaces of unit coolers at points of zero clearahce to test enclosure 65 117
2. Surfaces of unit coolers contacted by persons in operating it (control knobs,
pushbuttons, levers etc.)
Metal 35 63
Nonmetallic 60 108
3. Surfaces of unit coolers subjéect to casual contact by persons (enclosure, grille, etc.)
Metal 45 81
Nonmetallic 65 117
4. Surfaces of test.enclosure where clearance to flammable material is specified 65 117
E. Electrical |nsulation — General
1. Fiber usedtas.electrical insulation or cord bushings 65 117
2. Phenalic.composition used as electrical insulation or as parts where failure will result 125 225
in athazardous condition
3. Thermoplastic material. Rise based on temperature limits of material - -
@ Thermocouple|applied directly to the Integral Insulation of the coil conductor.
b Thermocouple applied as In (a) or applied o conventional coll wrap.
¢ For an electrolytic capacitor which is physically integral with or attached to a motor, the temperature rise on insulating material
integral with the capacitor enclosure may be not more than 65°C (117°F).
d A capacitor which operates at a temperature higher than a 65°C (117°F) rise may be judged on the basis of its marked
temperature rating.

50.2 Thermocouples are to be secured to various electrical components of a representative unit cooler,
including fan-motor windings, relay coils, drain pan heaters, wiring insulation, and to surfaces as indicated
in Table 50.1(D). The temperature of motor windings or coils may be measured by the resistance method,
but the primary method of temperature measurement is to be the thermocouple method. The electrical
input is also to be measured (voltage and current).


https://ulnorm.com/api/?name=UL 412 2018.pdf

AUGUST 22, 2011 REFRIGERATION UNIT COOLERS - UL 412 61

50.3 The unit cooler is to be mounted or positioned in accordance with the manufacturer’s instructions,
see 4.1 and 4.2, and operated continuously until temperatures stabilize. The test potential is to be as
indicated in 47.1.1. The test ambient temperature is to be approximately 25°C (77°F).

50.4 The unit cooler is to comply with the Dielectric Voltage Withstand Test, Section 52, following the
Temperature Test — Cooling Mode Test.

51 Electrical Defrost Test

51.1 Temperature rises measured on the components and surfaces of a unit cooler during an electric
defrost cycle shall not exceed the limits tabulated in Table 50.1. A temperature-limiting control provided

for compliance with 21.2.1 shall not open.

51.2 Thermoq
electrical insu

51.3 The unit
See 4.1 and 4
the circuit to t

51.4 If neithe

cooler and the unit cooler is not marked in accordance with 76.8;the defrost heater is to

operate until t
with 51.1.

51.5 If the de|
a) Fo

b) Fo

less thhan 15 minutes.

If a unit coole
time, the lengt
by the control
with 51.1.

51.6 If a tenpperature*terminated defrost cycle control is provided as part of the un

cut-in/cut-out

ouples are to be attached to motors, components, insulated conductors)
ation as indicated in Table 50.1, which may be affected by operation of the d

cooler is to be mounted or positioned in accordance with the manufacturer
ne electric heater. The test ambient temperature is to be 25 %3°C (77 +5°F).
r a defrost cycle control nor a temperature-limiting contrel are provided as g

he temperatures stabilize. The stabilized temperatures are to be used in judgi

frost cycle is time-terminated, the unit coafer’is to be operated:
I the maximum adjustable length of time permitted by an integral control arrg

r a period equal to 125 percent of the time specified on the unit cooler (see

h of the defrost cyclevis to be as marked but not less than the minimum increr

of the circuit
defrost heate

Ts are energized and allowed to operate until the temperature rise at the ¢

emperature differential of the control is to be determined. The control(s) is the
nd«a thermocouple placed at the location where the control senses the ten

surfaces and
efrost system.

s instructions.

.2. The test potential is to be as indicated in 47.1.1. The defrost\.Cycle is stafted by closing

art of the unit
be allowed to
hg compliance

ngement, or

¥6.8) but not

with an integral defrost'eycle control arrangement is marked to specify a maximum defrost

nent permitted

Temperatures recorded after the elapsed time are to be used in determining compliance

it cooler, the
n shunted out
perature. The

bntrol sensing

location is equal to the temperature differential previously determined. The temperatures recorded at the
time the differential is reached are to be reduced by 23.3°C (42°F) and the resulting values are to be used
to determine compliance with 51.1.

51.7 The temperatures and electrical inputs are to be measured at intervals during the cycle.
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51.8 The defrost system is to comply with the Dielectric Voltage Withstand Test, Section 52, following the
Electric Defrost Test.

52 Dielectric Voltage Withstand Test

52.1 A complete unit cooler and all electrical components shall be capable of withstanding for a period of
1 minute, without breakdown, the application of a test potential between high-voltage live parts and
dead-metal parts and between live parts of high- and low-voltage circuits. The test potential shall be 1000
volts plus twice rated voltage at any frequency between 40 and 70 hertz.

Exception No. 1: The test potential shall be 1000 volts for units rated at not more than 1/2 horsepower

(hp) (373 W output).

Exception No
exceeds 500
affected shall

Exception No|
potential as s

52.2 A unit ¢
without breaH
dead-metal p4

a) A
b) An

52.2.1 In refe
the dielectric

a) Cqg
opposg

b) Th
52.3 In refer

conducted on
the layer.

2: If the steady-state voltage developed in a motor circuit through the use
V, as measured during the temperature and pressure test, the test potentia
be 1000 V plus twice the developed capacitor voltage.

3: If agreeable to all parties concerned, the test potential may be a dire
becified in Table 72.1, Condition A and applied for 1 minute.

boler employing an extra-low-voltage circuit shall be capable of withstanding
down, the specified test potential applied betw€en extra-low-voltage |
rts. The test potential is to be:

ic potential of 700 volts, or

ac potential of 500 volts at any frequency between 40 and 70 hertz.

rence to 52.2, if components specified in 40.3 are employed in the extra-low-
oltage-withstand test, is to be:

nducted on the components-with the dielectric potential applied between live
ite polarity; or

ence to 52:2.1; the test between extra-low-voltage parts of opposite po
magnel-coil windings of the transformer after breaking the inner coil lead

52.4 A 500 vg

of a capacitor
| for the parts

ct-current (dc)

for 1 minute,
ve parts and

yoltage circuit,

parts of

£ components aré 10 be separately subjected to the Dielectric voltage-withstand test.

arity is to be
here it enters

It~ampere or larger transformer, the output voltage of which is essentially sinu

soidal and can

be varied, is to be used to determine compliance with the previous paragraphs. The applied potential is
to be increased gradually from zero until the required test value is reached and is to be held at that value
for 1 minute.

Exception: The requirement of a 500 volt-ampere or larger transformer can be waived if the high potential
testing equipment used is such that it maintains the specified high potential voltage at the equipment for
the duration of the test.
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52.5 If the charging current through a capacitor or capacitor-type filter connected across the line, or from
line to earth ground, is large enough to make it impossible to maintain the required alternating-current test
potential, the capacitor and capacitor-type filters may be tested as described in 52.6.

52.6 The capacitors and capacitor-type filter mentioned in 52.5 are to be subjected to a direct-current test
potential of 1414 volts for equipment rated 250 volts or less or 1414 volts plus 2.828 times the rated circuit
voltage for equipment rated at more than 250 volts. The direct-current test potential is to be maintained
for 1 minute without breakdown.
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52.7 Components providing a d.c. path in parallel with the insulation to be tested, such as discharge
resistors for filter capacitors and voltage limiting devices (transient voltage suppressors), may be

disconnected

during the test.

53 Evaporator Fan Motor Failure Test

53.1 This test is to be conducted only if the evaporator fan motor(s) operates during the defrost period.

53.2 An electric defrost heater shall not ignite flammable material or cause the emission of flames,
burning particles, or molten metal if the evaporator fan motor locks or fails to start.

53.3 The test arrangement is to be as described in the electric defrost heater requrrements contained in

the Burnout T

Defrost Test,
as indicated i

53.4 If more
motor which v

53.5 The test

54 Overflow

54.1 With refg¢rence to 11.2.8, a unit cooler in which condensate water may accumulate of

to a blocked v
or coils.

54.2 The unit
is to be filled

54.3 Complia
resistance.

Exception: M
comply with tf

Section 51, and the evaporator fan motor is to be locked. The potentlal is to
47.1.1.

han one evaporator fan motor is employed, the test is to be condueted by |
ould result in the most severe condition.

is to continue until the defrost control opens the circuit.

Test
aste outlet shall not allow the water to wet uninsulated live parts of the wind
cooler is to be positioned as intended in operation and the evaporator conden

Iintil overflowing occurs.

otor windings are to‘have an insulation resistance of not less than 50,000 oH
e Dielectric Voltage* Withstand Test, Section 52.

nce with 54.1 is to be determined by visual examination, dielectric withstand,

in the Electric
be maintained

bcking the fan

overflow due
ngs of motors

sate drain pan

or insulation

ms and are to
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55 Static Loading Test

55.1 A unit cooler suspended from a wall or ceiling shall withstand the test described in 55.2 without:

a) Co

llapse of the mounting means, and

b) Severance of its securement to the mounting means.

55.2 A representative unit cooler is to be installed with its mounting hardware in accordance with the
manufacturer’s instructions. A load equal to three times the weight of the unit cooler, but not exceeding
400 pounds-mass (181.6 kg), acting vertically downward, is to be applied uniformly to the unit cooler.

56 Defrost Heater-Control-Fests

56.1 Enduramce test

56.1.1 In add

withstanding @an endurance test under the load which it controls for the number of cycle

56.1.2.

56.1.2 The ndymber of cycles for the test is to be as follows:

a) An
withst

b) An
under,
The t4
electr

tion to complying with 25.10, a control for an electric defrost heater shall

automatic-reset defrost cycle control which operates during each defrost cy
And 30,000 cycles of operation under load.

automatic-reset temperature limiting controlis to withstand 100,000 cycles ¢
load if its short-circuiting results in a risk of fire or electric shock, see 57.1.2
st may be waived if short-circuiting_of,the control does not result in such a r
c shock. See Burnout Test, Section 57.

be capable of
s indicated in

tle is to

f operation
and 57.1.3.
sk of fire or

¢) A manual-reset temperature limiting control is to withstand 1000 cycles of operation under

load ¢
the cg

56.2 Calibratjon test

56.2.1 A deffost cycle eontrol and temperature limiting control, shall comply with the

pertaining to
protective con

lus an additional 5000 cycles without load. The test may be waived if short-q
ntrol does not result in a-fisk of fire or electric shock. See Burnout Test, Sed

he calibfation of temperature limiting controls as specified in 25.11.5 for
trol. Aspressure protective control shall comply with the calibration requireme

ircuiting of
tion 57.

requirements
 temperature
nts in 25.11.6.
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57 Burnout Test

57.1 Burnout defrost heater

57.1.1 An electric defrost heater shall not become a risk of fire or electric shock in the unit cooler.

57.1.2 A risk of fire is considered to exist if there is any emission of flame or molten metal from the unit
cooler, or glowing or flaming of flammable material. Opening of the supply circuit fuse is not considered

to be a failure if a risk of fire does not exist.

57.1.3 A risk of electric shock is considered to exist if the insulation resistance of the unit
than 50,000 ohms.

cooler is less

57.1.4 The unit cooler is to be mounted or positioned in accordance with the manufacturer|

S instructions.

See 4.1 and 4.2. The test sample is to include only those controls provided by the manufacturer as part

of the unit cogler. If a control does not meet the endurance test requirements of 56.%.2(b)
calibration test requirements of 56.2.1, it is to be shorted out of the circuit during the te
contains a clock motor or mechanical linkage, the control is to be shorted out'of the circuit
is a replacealjle thermal cutoff, it is to remain in the circuit and the test is te'be conducted
with 57.1.7.

57.1.5 The tept ambient temperature is to be 25 + 3°C (77 £ 5°F)Avdouble layer of chees
placed around the unit cooler so that it adheres closely to all/surfaces. The cloth is tdg
cheesecloth 36 inches (0.91 m) wide, running 14 — 15 yards per pound (28.2 — 30.2 m/K
what is known in the trade as a “count of 32 x 28.” The deffost system is to be connect
circuit maintained as indicated in 47.1.1 and energized~until stabilized temperatures are
ungrounded cpnductor in the supply circuit is to be pravided with a fuse of the maximum rat
be used, exce

8

or (c) and the
5t. If a control
. If the control
in accordance

ecloth is to be

be bleached
g) and having
d to a supply
ached. Each
ng which may

pt that 20 amperes is the minimumcsize for unit coolers rated 120 volts, sipgle phase, or

less.
57.1.6 The cut-in/cut-out temperature ofithe temperature-limiting control is to be defermined. The
temperature-limiting control is then to-be“shunted out of the circuit and a thermocouple

location wherg the control senses the temperature. The heater is to be energized and alloy
until the tempgrature rise at the control sensing location is equal to the temperature differen
determined. The heater is then to*be de-energized and allowed to cool until the temperaty
control sensing location is equal to the temperature differential previously determined at v
heater is to b¢ energizedwagain. The test is to be continued in this manner until temperatu
components, insulated-eonductors, surfaces and electrical insulation have stabilized.

57.1.7 If a replaceable thermal cutoff is employed, the test is to be conducted five times
samples of th¢ thermal cutoff in each test. The thermal cutoff is to open the circuit in the int

placed at the
ved to operate
tial previously
re drop at the
vhich time the
res of motors,

using different
bnded manner

without causing the short-circuiting of live parts and without causing live parts to become grounded to the
enclosure. During the test the enclosure is to be connected through a 3 ampere fuse to ground, and any
thermally operated control devices in the heater circuit other than the thermal cutoff are to be

short-circuited.
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57.2 Other components

57.2.1 A burnout test is to be conducted on components, such as intermittent-duty relays, solenoids, and
electrically-operated valves to determine that a risk of fire or electric shock (see 57.1.2 and 57.1.3) does
not exist. The tests should be made with the component installed as intended in the unit cooler. The unit
cooler is to be connected to a supply circuit maintained as indicated in 47.1.1. Each ungrounded
conductor in the supply circuit is to be provided with a fuse of the maximum rating which may be used.

57.2.2 If a single component malfunction may result in an intermittent-duty relay or solenoid being
continuously energized, such a malfunction shall not result in a risk of fire or electric shock. The test is to

be conducted with the relay or solenoid continuously energized until the ultimate result is determined.

57.2.3 Blocki
result in a risk
is de-energize

58 Burnout 1

58.1 Nonmetallic materials evaluation

58.1.1 When
to nonmetallic

58.1.2 The te
the testing, th

a) Ha
windir
b) B
c) Be
time,
tempsg
d) Be

Exception: F|

of fire or electric shock. The component is to be blocked in the position, asg
d and then energized continuously until the ultimate result is determingd,

est — Impedance Protected Motors

an impedance protected motor is not provided within an“enclosure and is lo
materials other than those rated 5V, the adjacent materials shall not ignite.

5t is to be conducted on one sample motor installed as intended within the U
b motor is to:

ve a minimum of one thermocouple secured to the motor winding for measu
g temperature;

b evaluated in the locked rotorscondition;

energized at rated voltagerand operated until the winding temperature stabi
he voltage shall is to beprogressively increased in 5-volt increments. The w
rature is to be allowed to stabilize after each increase in voltage; and

operated continuously until burnout occurs.

br the testdn58.1.2, installation of the motor within the unit cooler is not requir

is wrapped in

surgical cottoxr shall*not ignite.

dry abserbent surgical cotton and mounted in a manner consistent with its in

sition shall not
umed when it

ated adjacent

nit cooler. For

rement of the

izes at which
nding

ed if the motor
stallation. The
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59 Overvoltage and Undervoltage Tests

59.1 An electromagnet such as employed on a relay or solenoid shall be able to withstand 10 percent
above rated voltage without damage to the coil and shall operate at 15 percent below rated voltage. The

test voltages are to be as indicated in Table 59.1.

e

Table 59.1
Test voltages
Rated voltage Overvoltage Undervoltag
110 — 120 132 102
208 229 177
220 — 240 264 204
254 - 277 305 235
440 - 480 528 408
550 — 600 660 510
Other 110 percent 85 percent
Rated Rated

59.2 A relay
determine if it

59.3 Relays

condition until
be reduced to
The potential
potential is th

at this voltage. If relays and solenoids are_energized through a transformer, the voltag

described are|
continuous op
47.1.1 for the
whichever ocq

60 Current Q

complies with the requirement in 59.1.

and solenoids are to be connected to a supply source maintained at th
the coils of the relays and solenoids reachrconstant temperature. The pote
the test voltage specified in 47.1.1, and each relay and solenoid is to operate
is to be maintained at this test voltage until the coils reach constant temg
bn to be reduced to the undervoltagé”condition, and each relay and solenoig

to be made at the transformer primary. A relay or solenoid which will not

maximum time permitted by its duty cycle or until constant temperatun
urs first.

verload Test ~Bonding Conductors and Connections

60.1 If requir

the current equal to théyrating of the branch circuit overcurrent-protection device for the int

in Table 60.1.

d by 18.870r18.9, bonding conductors and connections shall carry, without

br solenoid that has been separately investigated for the~voltage and opera{ing conditions
involved, inclyding ambient temperature conditions, is not requiréd to be tested in the

unit cooler to

e overvoltage
htial is then to
ht this voltage.
eratures. The
| is to operate
b adjustments
be subject to

eration is to be energized.at/the overvoltage condition and at the test voltage specified in

e is reached,

bpening, twice
erval indicated
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Table 60.1
Current overload test

Rating of overcurrent protection device Minimum duration of current flow
amperes minutes
30 or less 2
31 -60 4
61— 100 6
101 — 200 8

60A Overloa

60A.1 This tept applies to switches or other similar control devices as specified in 25.1,25

60A.2 A switghing device in a refrigeration unit cooler shall perform acceptably whenf)tested
overload and endurance. There shall be no electrical or mechanical failure nor _éndue bur

welding of co

60A.3 The te

a) Eyv

loads

b) Cy
in 60A

60A.4 If the t

a) En
electr

b) SW

c) Te
the re

60A.5 If the t
the ambient te
the connected
factor and vol

d and Endurance Test — Switching Devices

tacts, or striking of an arc to dead metal parts.

5ts on switching devices shall be conducted by:

of the appliance; or

.5 —60A.7.
bst in 60A.3(a) is conducted, the:

closure of the appliance shall be connected through a 30 ampere cartridge f
cal test circuit pole considefed least likely to strike (arc) to ground;

itching device shall be mounted as intended in service; and

5t cycling shall be-as specified in 60A.6 unless a slower rate is required by t

bst in 60A.3(b) is conducted, the switching device shall be subjected to an o

load-for 50 cycles of operation, with 1 second ON and 9 seconds OFF. The

aAnA tend far tnctinea Analh hana AFf InaA chall Iha Ao fAllAa-

aluating the control devices within a refrigeration unit‘cooler by operating the
devicg mechanisms in accordance with 60A.4 and 60A 6, using the normal switchi

cling the switching devices individually or collectively while controlling the log

frigeration unit cooler. A faster rate may be used if agreeable to all concerne

mperature for which it is intended. The overload test shall consist of making

.2 or 25.8.

as follows for
ning, pitting or

controlling
ng device

ds specified

ise to the

ne design of
d.

verload test at
and breaking
current, power

YT OoTUTUT oty cac ty pC- o oot o ot aos TOnovwo:

a) Noninductive load(s) — 150 percent of the total connected load current. The power factor
shall be 1.0 and the voltage shall be as specified in 47.1.1.

b) One or more motors together with one or more other loads — 100 percent of the locked-rotor
current of the largest motor plus 100 percent of the full load currents of all other motors and/or
other loads. The power factor shall be 0.4 — 0.5 and the voltage shall be as specified in 47.1.1.

c) One or more inductive loads, such as a transformer or ballast, with or without other
noninductive or pilot duty loads — 100 percent of the total inductive and other noninductive/pilot
duty loads. The power factor shall be 0.7 — 0.8 and the voltage shall be as specified in 47.1.1.
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d) One or more pilot duty loads, such as coils within a relay or electric valve — 100 percent of
the total connected pilot duty loads. The power factor shall not exceed 0.35 and the voltage
shall be 110 percent of the value specified in 47.1.1.

60A.6 A switching device shall be subjected to an endurance test at the ambient temperature for which
it is intended. The endurance test voltage shall be as specified in 47.1.1 and the current shall be 100
percent of the total connected load current. The endurance test cycling shall consist of making and
breaking the connected load for:

a) 6000 cycles of operation with 1 second ON and 9 seconds OFF for a switching device other
than one used to control a motor-compressor; or

of opgration with 1 second ON and 59 seconds OFF for a switching device used1p control a
motorfcompressor.

60A.7 For a switching device tested in accordance with 60A.3(b), the powerifaetor for the endurance
cycling specified in 60A.6 shall be as specified in 60A.5 for each type of load.

60A.8 At the [conclusion of the test in 60A.3, each switching device shall"be subjected td the Dielectric
Voltage Withstand Test, Section 52.

61A Switch Mode Power Supply Units — Overload Test
61A.1 The test applies to switch mode power supply units ‘as specified in 37.1(c).

61A.2 Each qutput winding, or section of a tapped winding, is overloaded in turn, one at a fime, while the
other windings are kept loaded or unloaded, whichever load conditions of normal usg is the least
favorable.

61A.3 Overlogding is carried out by connetting a variable resistor (or an electronic load) acfjoss the power
supply output| The resistor is adjusted-as\quickly as possible and readjusted, if necessary,|after 1 minute
to maintain the applicable overload. No-further readjustments are then permitted.

61A.4 For this test, any protéctive devices such as a fuse, manual reset circuit protgctor, thermal
protector, etc.|are allowed to.remain in the circuit.

61A.5 If overgurrent protection is provided by an overcurrent protection device, the overlogad test current
is the maximum current which the overcurrent protection device is just capable of passing for 1 hr. If this
value cannot be derived from the specification, it is to be established by test.

61A.6 If no overcurrent protection is provided, the maximum overload is the maximum power output
obtainable from the power supply.

61A.7 In case of voltage foldback, the overload is to be slowly increased to the point which causes the
output voltage to collapse. The overload is then established at the point where the output voltage
recovered and held for the duration of the test.
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61A.8 The duration of the test is to be for 7 hours or until ultimate results are reached. At the conclusion
of the test, there shall be no charring or burning of electrical insulation, no opening of any protective
device or any circuit component.

61 Limited Short-Circuit Test

61.1 General

61.1.1 The fol

lowing shall withstand short-circuit conditions when protected by either:

a) A device that is recognized for branch-circuit protection and located in the unit cooler, or

b) A
coolef

61.1.2 For th¢ purpose of these tests:

a) Ci

b) Fu

c) Circuit breakers of the same rating areeonsidered to be interchangeable.

61.1.3 The m
the motor circ
full-load curre
the unit coole
capacity. If th
of all individu
possible, the ¢
capacity of th
test circuit is
capacity is to

I~ H HS €3 tH 2l H £ 2l % al HY-N '+ ol
prartCiT O Ut PTotC v e UCvVICC OT ety PC—aTTa T IaAT IO T rat g SPeTmeTOTT

nameplate:

1) A motor overload protective device that is connected in the motorcircu
2) A motor-circuit conductor or connection as required by 16.24.

3) A bonding conductor or connection as required by 18.8"and 18.9, Excep

cuit breakers and fuses are not considered to be interchangeable,

5es of the same rating are considered to\be-interchangeable, and

btor overload protective deviceyand the bonding conductor, bonding connecti
Lit conductor and connectionnis to be connected in a circuit having a capacity
nt and voltage rating of theiunit cooler. See Table 61.1. When the full-load cu
is between two values in‘the table, the larger value is to be used in determin
unit cooler nameplate shows individual loads, the full-load current of the deVi
| loads which may)occur simultaneously. If more than one simultaneous log
ondition resulting in the maximum total current is to be used as a basis for d
b test circuit.\Fhe voltage for the test circuit is to be an ac supply. The powsg
0 be 0,9°4-1.0 unless a lower power factor is agreeable to those concerng
be meadsured without the device in the circuit.

the unit

tion No. 1.

on, or both, or

based on the
rrent rating of
ing the circuit
ce is the total
d condition is

etermining the
r factor of the

d. The circuit
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Table 61.1
Short circuit test currents

Full load amperes?
Single phase
gep Circuit capacity
115V 208 V 230 - 240 V 277V amperes
9.8 or less 5.4 or less 4.9 or less - 200
9.9 -16.0 55-8.8 5.0-8.0 6.65 or less 1000
16.1 — 34.0 8.9 -18.6 8.1-17.0 - 2000
34.1 — 80.0 18.7 —44.0 17.1 -40.0 - 3500
Over 80.0 Over 44.0 Over 40.0 Over 6.65 5000
Three Phase D .
Circpit capacity
208 V 220 -240V 440 - 480 V 550 - 600 V gmperes
2.12 or less 2.0 or less - - 200
2.13 - 3J7 21-35 1.8 or less 1.4 or less 1000
3.8-9.% 3.6 -9.0 - - 2000
9.6 — 23§3 9.1-22.0 - ~ 3500
Over 233 Over 22.0 Over 1.8 Qver 1.4 5000
2 Unit Coolers.

61.1.4 Three|samples of each component or conductor under test are to be subjecteq to each test
condition and|a new protective device is to be used for eaeh test. Consideration is to be| given to both

short-circuit and ground-fault conditions.

61.2 Motor overload protective devices

61.2.1 A mot¢r overload protective device in a\unit cooler having:

a) Maqre than one motor, or

b) One or more motors and other loads,

wired for conpection to onessupply shall withstand short-circuiting when protected by a|branch-circuit
overcurrent device rated ngt.more than 400 percent of the full-load current of the largest motor of the
group plus anf amount equal to the sum of any additional loads supplied. See 61.2.2. There shall be no
ignition of chefsecloth surrounding the enclosure of the protective device when samples are subjected to

the test.

Aachart nipni it tncte mans ha ywainnd f o thapmalli, neatnnind mntnyr Ay o nnnnv:te/y enclosed

Exception: The-shert-ciretittests+ray-be-walved-f-athermally-protected+rotor-ora-sepat

motor overload protective device is:

a) Within an outer cabinet,

b) The assembly is so constructed that it can be determined that flame and molten metal will

be confined within the cabinet, and

c) There is no flammable material except electrical insulation within the cabinet.
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61.2.2 A branch-circuit overcurrent protective device of the nearest standard size rated not higher than
the current specified in 61.2.1 is to be employed for the test. If the calculated size is less than 15 amperes,
a 15 ampere overcurrent device is to be used.

Exception: For unit coolers rated 150 volts or less, the minimum size of overcurrent device shall be 20
amperes.

61.3 Bonding conductors and connections

61.3.1 Bonding conductors and connections shall not open when samples are subjected to the conditions
of this test.

61.4 Motor cjretit-condtuetors—and-connections

61.4.1 Motor [circuit conductors and connections shall not be damaged when samplés arg subjected to
the conditions| of this test.

62 Acceleratpd Aging Test — Electric Heaters

62.1 The requirement in 62.2 applies to the cases of heater assemblies and terminal sepls of metallic
sheath heaterp.

62.2 Rubber,|neoprene, or thermoplastic compounds used ds’ a8 heater casing or for the sealing of
terminals shall withstand accelerated aging as indicated in Table 62.1 for the maximum temperature rise
measured on the device during a temperature and/or defrosttest conducted in an ambient femperature of
25 — 40°C (77 — 104°F) without deteriorating to a degree-which will affect its use.

Table 62.1
Accelerated:aging test criteria

Measured temperature rise

°C (°F) Material Test progranp

35 (63) Rubber or Neoprene 70-hour air oven aging test at 100 £2°C
(212 £3.6°F)

35 (63) Thermoplastic 7 days in an air circulating qven at 100°C
(212°F)

50 (90) Rubber or Neoprene 168-hour air oven aging tes{ at 100 +2°C
(212 £3.6°F)

50 (90) Thermoplastic 10 days in an air circulating|oven at 100°C
(212°F)

55 (99) Rubber, Neoprene or Thermoplastic 7 days in an air circulating dven at 113°C
(235.4°F)

65 (117) Rubber or Neoprene 10 days in an air circulating oven at 121°C
(249.8°F)

65 (117) Thermoplastic 7 days at 121°C (249.8°F) or 60 days at
97°C (206.6°F) in an air circulating oven

80 (144) Rubber, Neoprene or Thermoplastic 7 days in an air circulating oven at 136°C
(276.8°F)

100 (180) Rubber, Neoprene or Thermoplastic 60 days in an air circulating oven at 136°C
(276.8°F)

125 (225) Rubber, Neoprene or Thermoplastic 60 days in an air circulating oven at 158°C
(316.4°F)

Table 62.1 Continued on Next Page
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Table 62.1 Continued

Measured temperature rise
°C (°F) Material Test program
175 (315) Rubber, Neoprene or Thermoplastic 60 days in an air circulating oven at 210°C

(410°F)

63 Reliability Test — Heater Terminations

63.1 Electric heaters employing integrally molded leads or molded terminal assemblies shall withstand a
test load of 20 pounds-mass (9.1 kg) applied for 1 minute. The load is to be applied in the same direction

at which the

ead exits the heater case or molded connection and is not to result in di

splacement of

insulation or s

64 Insulation

64.1 Electric

64.1.1 The in
moisture in a

64.1.3. The heater shall comply with the Dielectric Voltage-Withistand Test, Section

exposure.

64.1.2 Ifane
in the unit codg
water is to be
rated voltage

64.1.3 Ifane
than occasion
assembly or
temperature
cycles atara

64.2 Therma

64.2.1 A unit
shall have an

%bove 0°C (32°F). The heater is to be energized at its rated voltage and ope

eparation of the connection between the lead and heater.
Resistance Test
heaters

Sulation resistance of an encapsulated heater or a sheath-type heater that
unit cooler shall not be less than 50,000 ohms when tested as described

hcapsulated heater or heater terminal seal is intended to be immersed in wats
ler, the test is to be conducted by cycling thé heater for 30 days, submerged
maintained at a temperature of 95 £5°C.(203 +9°F). The heater is to be e
ind cycled at a rate of approximately;1-1/2 minutes on and 13-1/2 minutes g

ncapsulated heater or heater terminal seal is exposed to moisture but is not s
al contact with water in the.unit cooler, the test is to be conducted by cycl
erminal seal in an atmosphere of not less than 98 percent humidity at a
e of 1-1/2 minutes on and 13-1/2 minutes off.

and/or acoustical insulating material

Cooler employing insulating material likely to be affected by moisture under co
insulation resistance of not less than 50,000 ohms between live parts and i

dead-metal %F

temperature

rts_after exposure for 24 hours to air having a relative humidity of 85 15

is exposed to
in 64.1.2 and
52, following

br as it is used
in water. The
nergized at its
ff.

ubject to more
ng the heater
ny convenient
rated for 1000

hditions of use
hterconnected
percent at a

32,2 +2°C (90 +4°F).
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65 Strength Tests — Pressure Containing Components

65.1 Parts of a unit cooler exposed to refrigerant pressure shall withstand, without failure, a pressure
equal to three times the marked design pressure, but not less than 1-1/2 times the vapor pressure of the
refrigerant at 60°C (140°F).

Exception No. 1: Sections of the refrigerant system constructed of continuous tubing or of lengths of
tubing connected by hard-soldered, brazed, or welded joints will be considered as meeting this
requirement provided the tubing conforms with 42.1.

Exception No. 2: Evaporators used in unit coolers intended to utilize carbon dioxide (R744) in a secondary
loop or a cascade system shall have an ultimate strength of not less than three times the
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67 Fusible Plug Test

67.1 A fusible plug shall function within 5.6°C (10°F) of its marked temperature rating when tested as
described in 67.2 and 67.3.

67.2 Three samples of each size are to be tested. Each sample is to be attached to a length of coiled
copper tubing, 10 feet (3.05 m) long, within which air pressure of not less than 40 psig (276 kPa) is to be
maintained. The coil and test sample is to be immersed in a fluid and maintained at a temperature of
11.1°C (20°F) below the marked temperature of the plug. After 5 minutes, the temperature is to be
increased at a rate of 0.5°C (1°F) per minute. The relief temperature occurs when the test pressure is
relieved and complete blowout of the fusible element occurs.

67.3 A blOW t ;D UUIII}J:UtU VVhUII thU arcda Uf thc IU:IUf UFUII;IIH ;D ouuh that thc IUOU: Ing dlSCharge
capacity complies with the requirements of 45.3 and 46.1.

68 Marking Label Adhesion Tests

68.1 A marking secured by cement or adhesive shall comply with the applicable requirements of the
Standard for Marking and Labeling Systems, UL 969.

69 Fastener Btrength Test

69.1 With reference to the requirement in 10.2, nonmetallic fasteners that can degrade pnd affect the
integrity of an[enclosure shall comply with 69.2 and 69.3.

69.2 The tightening torque and pull-off strength of suchddsteners shall be not less than 50|percent of the
as-received value.

69.3 Three sgts of samples, each set consisting-of three specimens, is to be temperature ¢onditioned as
indicated in Tables 69.1 and 69.2.

Table 69.1
Test specifications

Sample Sgt No. of Samples Test Specifications
1 3 As-received (no conditioning).
2 3 Oven aging — 300 hours at the service temperature plus 10°C (18°F) but not less

than 70°C (158°F). Service temperature is considered to be the temiperature
measured during the Temperature Test — Cooling Mode, Section 50; and Electric
Defrost Test, Section 51.
3 3 Heat cycling — 40 cycles of alternate heating and cooling at the tenjperatures
spectified i Tabte 89-2FachTtycle s totonsist of 4 hours=attheupper
temperature followed by 4 hours at the lower temperature.
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Table 69.2
Temperature cycling parameters

Location Upper temperature

Lower temperature

Nonrefrigerated Areas

Service temperature plus 10°C (18°F) 25°C (77°F)

but not less than 70°C (158°F)

Refrigerated Area

32°C (90°F) 0°C (32°F)

Low Temperature Area

32°C (90°F)

minus 17.8°C (0°F)

70 Strain Relief Test

70.1 When tested in accordance with 70.2 and 70.3, the strain relief means stressed from any angle that

the unit coole
of the cord (c

70.2 The prinpary connections within the unit cooler are to be disconnected. A35/pounds
d to the cord and supported by the unit cooler.

is to be applig

70.3 The initi
and perpendiq
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70A.1 General
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70A.1.2 User
70A.2 Fault (
70A.2.1 Follg
70A.2.5, therdg
parts shall ng
Section 52.

70A.2.2 In ad

bnductors, insulation or both) or deformation of its anchoring surface that ‘'wg
potential risk ¢f fire, electric shock, or injury to persons.

b| test is to be conducted with the force vector parallel t6<the longitudinal a
ular to the surface having the cord entry hole. The foree is to be applied for 1
test at other dngles of stress are to also be conducted for periods™of*1 minute.

ve Electronic Circuit Tests

ests in 70A.2 — 70A.2.5 are applicable to appliances provided with a proted
circuit and int¢nded to comply with 24.2.3(c) or 25:10(h)

Conditions Abnormal. Test
wing the application of the operational fault conditions in accordance w

t be exposed: The appliance shall comply with the Dielectric Voltage With

cordahnce with 25.21(b), an appliance provided with a protective electronic ¢

to comply wit

N°24.2.3(c) or 25.10(h) shall be operated as specified in the Temperature T

1 H TN kLl £ Hdhaot ~H YN ~H £ 1l H 1N +
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adjustable controls shall be-adjusted to their most unfavorable setting.

displacement
uld result in a

-force (156 N)

is of the cord
minute. Each

tive electronic

ith 70A.2.2 —

shall be no riskiof fire, electric shock or injury to persons. Electrical live parts or moving

stand Test in

rcuit intended
est — Cooling

Mode, Section 50 with the room ambient maintained at 21.1 — 26.7°C (70 — 80°F).

The appliance

protective electronic circuit shall then be subjected any one of the following relevant operational fault
conditions, each consecutively applied one at a time:

a) Open circuit at the terminals of any component;

b) Short circuit of capacitors, unless they comply with the Standard for Fixed Capacitors for
Use in Electronic Equipment — Part 14: Sectional Specification: Fixed Capacitors for
Electromagnetic Interference Suppression and Connection to the Supply Mains, UL 60384-14;

c) Short circuit of any two terminals of an electronic component, including a metal oxide varistor
(MQOV). For the test applicable to an integrated circuit, see (e);


https://ulnorm.com/api/?name=UL 412 2018.pdf

JANUARY 9, 2017 REFRIGERATION UNIT COOLERS - UL 412

74A

d) Failure of triacs in the diode mode;

e) Failure of microprocessors and integrated circuits except components such as
triacs. All possible output signals occurring within the component which may resu
appliance not complying with 70A.2.1 shall be considered;

thyristors and
It in the

f) Failure of an electronic power switching device, such as a field effect transistor and a bipolar

transistor (including the insulated gate type) in a partial turn-on mode with loss of
control;

gate (base)

g) Short-circuiting of any circuit that differs in voltage from the supply source of the protective

electronic circuit by connecting the different voltage circuit to the supply source.

70A.2.3 In reference to 70A.2.2, the following items shall be considered:

a) If the fault specified in 70A.2.2(c) is not applied:

the Standard for Optical Isolators, UL 1577.

2) To the short circuiting of an electronic surge protective device such as
varistor (MOV), then the MOV shall comply with thg Type 4 requirements
Standard for Surge Protective Devices, UL 1449

b) Fof evaluating encapsulated or similar components, if the circuit and/or compo
be evaluated by other methods, then 70A.2.2(e)~shall be applied.

1) Between two circuits of an optical isolator, then the optical‘isolator shall comply with

A metal oxide
n the

ments cannot

c) Fof evaluating the components in 70A.2:2(f), one method for simulating this mdde is to
disconnect the electronic power switching device gate (base) terminal and then cohnect an
exterrjal adjustable power supply between the gate (base) terminal and the source (emitter)
terminal of the electronic power switehing device. The power supply can then be varied to
obtain the current which is the-most severe but which does not damage the electrpnic power

switcting device.

d) Stép-function positive)temperature coefficient thermistors (PTC-S) shall be sho

ft-circuited

unlesg they comply with the DC PTC Thermistors requirements in Clause 14.6.4 of the

Standgrd for Audig} Video and Similar Electronic Apparatus — Safety Requirement
Eighth} edition.

5, UL 60065,

e) If more than one of the operational fault conditions in 70A.2.2 (a) — (g) are applicable to the
applianee) the appliance shall be allowed to cool down to room temperature after the application

of each fault condition unless such cooling is determined not to adversely impact the test

results.

70A.2.4 The operational fault conditions specified in 70A.2.2 (a) — (g) shall be considered

completed if a

manual reset (non-self-resetting) device opens the supply circuit. If the supply circuit is not opened by
such a device, then the fault conditions shall be applied until thermal equilibrium is established.
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70A.2.5 An appliance provided with a protective electronic circuit intended to comply with 24.2.3(c) or
25.10(h) shall additionally be operated as specified 70A.2.2 except that the appliance shall first be
subjected to the relevant abnormal condition(s) addressed by Sections 11, 24, 53, and 57. The appliance
protective electronic circuit shall then be subjected to any one of the relevant operational fault conditions
as outlined in 70A.2.2 (a) — (g), each consecutively applied one at a time.

70A.3 Electromagnetic Compatibility (EMC) Tests
70A.3.1 In accordance with 25.21(e), an appliance having a protective electronic circuit intended to

comply with 24.2.3(c) or 25.10(h) shall be subjected to the electromagnetic phenomena specified in
70A.3.3— 70A.3.9, each applied one at a time. Each test shall be carried out:

a) Af

70A.3.2 Follo
continue to o
persons. Elec
Dielectric Volt
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Discharge Imt
discharges ha
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Electromagne
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iffc abnormal condition being applied; and

ith surge protective devices disconnected unless they jincoerporate spark gaps

ions 11, 24, 53, and 57 taking into account the most severe, res

wing the application of each electromagnetic sttess, a protective electron
pberate as intended. In addition, there shall bexnho risk of fire, electric sho

hge-Withstand Test in Section 52.

rostatic discharges shall be applied,in accordance with IEC 61000-4-2,
ic Compatibility (EMC) — Part 4-2:\Testing and Measurement Techniques

hunity Test, test level 4 being applicable. Ten discharges having a positive p
ving a negative polarity shalhbe applied at each preselected point.

hted fields shall be applied in accordance with IEC 61000-4-3, Standard for E
EMC) — Part 4-3:_Testing and Measurement Techniques — Radiated, Rad
ic Field Immunity Test. The frequency ranges tested shall be 80 MHz to 1
Hz to 2.0 GHz|\test level 3; and 2.0 GHz to 2.7 GHz, test level 2. The dwell
Il be sufficient\to observe a possible malfunction of the protective electronic

transient bursts shall be applied in accordance with IEC 61000-4-4,
ic.€ompatibility (EMC) — Part 4-4: Testing and Measurement Techniques —

ondition(s)
ults (e.g.

h the room

quired by the

¢ circuit shall
tk or injury to

rical live parts or moving parts shall not be_exposed. The appliance shall comply with the

Standard for
- Electrostatic
Dlarity and ten

lectromagnetic
io-Frequency,
D00 MHz, test
time for each
Circuit.

Standard for
Electrical Fast

tNmmunity Test. Test level 3 with a repetition rate of 5 kHz is applicable

for signal and

control lines. T

‘est level 4 with a repetition rate of 5 kHz is applicable for the power supply lin

are applied for 2 min with a positive polarity and for 2 min with a negative polarity.

es. The bursts

70A.3.6 Voltage surges shall be applied to the appliance power supply terminals in accordance with IEC
61000-4-5, Standard for Electromagnetic Compatibility (EMC) — Part 4-5: Testing and Measurement
Techniques — Surge Immunity Test with five positive impulses and five negative impulses being applied at
the selected points. An open circuit test voltage of 2 kV is applicable for the line-to-line coupling mode, a
generator having a source impedance of 2 ohms being used. An open circuit test voltage of 4 kV is
applicable for the line-to-ground coupling mode, a generator having a source impedance of 12 ohms being
used. Sheathed heating elements in which a metal sheath is bonded in accordance with 18.1 shall be
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electrically disconnected during this test. For appliances having surge arresters incorporating spark gaps,
the test shall be repeated at a level that is 95 percent of the flashover voltage. If a feedback system
depends on inputs related to a disconnected heating element, an artificial network may be needed.

70A.3.7 Injected currents shall be applied in accordance with IEC 61000-4-6, Standard for
Electromagnetic Compatibility (EMC) — Part 4-6: Testing and Measurement Techniques — Immunity to
Conducted Disturbances, Induced by Radio-Frequency Fields, test level 3 being applicable. During the
test, all frequencies between 0.15 MHz to 80 MHz shall be covered. The dwell time for each frequency
shall be sufficient to observe a possible malfunction of the protective electronic circuit.

70A.3.8 Voltage dips and interruptions specified as test level Class 3 shall be applied in accordance with:
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for appliances having a rated current not exceeding 16 A. The values(Speci
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 61000-4-34, Standard for Electromagnetic Compatibility (EMC)~ Part 4-34
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70A.4.3 The appliance shall be operated at rated voltage and at conditions specified in the Temperature
Test — Cooling Mode, Section 50 with the room ambient maintained at 21.1 — 26.7°C (70 — 80°F) until
thermal equilibrium occurs. The power supply voltage shall then be changed, by approximately 10 V/s until
the voltage reductions or increases specified in (a) — (d) are attained. The power supply voltage shall then
be maintained at each voltage condition for not less than 60 s as follows:

a) Voltage shall be reduced until the appliance ceases to respond to user inputs or parts
controlled by the programmable component cease to operate, whichever occurs first. This value
of supply voltage shall be recorded.

b) Voltage shall be increased to rated voltage so that the appliance operates as intended;
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