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INTRODUCTION
1 Scope

1.1 These requirements cover refrigerated medical equipment such as thermia and oxygen therapy
devices for use in hospitals, nursing homes, medical care centers, medical and dental offices, and similar
health care facilities in accordance with the National Electric Code, NFPA 70.

1.2 Equipment covered by these requirements employ hermetic refrigerant motor-compressors and air-
or water-cooled condensers, designed for use on alternating current circuits rated not more than 600 volts.
These requirements take into consideration the hazards resulting from the presence of oxygen and the
intended use of oxygen administering equipment but do not cover the canopy (tent), or oxygen storage
and distributi

+. ikl bial &l P T +oaoa I al
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1.3 These red t to flammable

anesthetics, a

uirements do not cover equipment for use in hazardous locations, with respeg
5 defined in the National Electrical Code, NFPA 70.

1.4 The requ
therapeutic €
hazardous co
accepted limit|
persons. Such

1.5 A product
from those in
injury to pers
requirements
originally antid

2 General
2.1 Compong

2.1.1 Except
the requireme

generally used in the products covered by this standard.

2.1.2 A comp,

a) Iny

irements of this Standard do not consider the complete spectrum of ph
ffects, beneficial or otherwise, except where generally accepted limits

hditions are defined. Devices which necessitate the utilizatiori of conditions e
5 for patient treatment are intended for use by or under the supervision of lic
equipment shall be provided with warnings promingntly displayed on the de

that contains features, characteristics, components, materials, or systems n
use when the standard was developed, and that involves a risk of fire, ele

as determined necessary to maintain the level of safety for the user of t
ipated by the intent of this standard:

nts
hs indicated in 2.1.2va component of a product covered by this standard sha
nts for that conippnent. See Appendix A for a list of standards covering
pnent neédnot comply with a specific requirement that:

olves a feature or characteristic not needed in the application of the conm

ysiological or
or potentially
Kceeding such
ensed medical
vice.

bw or different
ctric shock, or

ons shall be evaluated using the appropfriate additional component and end-product

he product as

Il comply with
) components

ponent in the

produ

ct\covered by this standard, or

b) Is superseded by a requirement in this standard.

2.1.3 A component shall be used in accordance with its recognized rating established for the intended
conditions of use.

2.1.4 Specific components are recognized as being incomplete in construction features or restricted in
performance capabilities. Such components are intended for use only under limited conditions, such as
certain temperatures not exceeding specified limits, and shall be used only under those specific conditions
for which they have been recognized.
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2.2 Units of measurement

2.2.1 If a value for measurement is followed by a value in other units in parentheses, the second value
may be only approximate. The first stated value is the requirement.

2.3 Terminology

2.3.1 The term "product” refers to any equipment covered by the Scope of this standard.

2.4 Undated references

2.4.1 Any undated reference to a code or standard appearing in the requirements of this standard shall

be interpreted
3 Glossary

3.1 Forthe p

3.2 ACCESSIBLE PART — A part located so that it can be contacted by a-person, eithef

means of a pr

3.3 ACCESS
connection to
of the equipm

3.4 DOUBLH
supplementar

3.5 ENCLOS

£ H dao tlo 1ot 4 PN HT £ il ot al 4 <l =i
Ao TTITTTINTY tU it TatC ot TULiUTT UT that CUUT UT otariudru.

irpose of this Standard, the following definitions apply.

bbe or tool, or that is not recessed the required distance behind an opening. §

DRY — An optional electrical device or other compornent, intended for ins
refrigerated medical equipment for the purpose of‘maodifying or supplementin
ent. It may be factory installed or intended for installation by the user or sery

INSULATION — An insulation system~comprised of both functional i
insulation. See 3.7, 3.19, and 3.22.

parts. Enclos
bedside moni

3.6 FIELD-WIRING TERMINAL — Any-terminal to which power supply, control, or equipm

connections W

3.7 FUNCTIQ
for basic prote

3.8 INTERLQO

URE — An external portion of a product that serves to house and/or supp
res of patient care equipmentikely to be contacted by a patient include
rs, bed frames, dental chairs; oxygen therapy equipment, and examination

il be made in the field when the product is installed.

NAL INSULATION — The insulation necessary for the proper functioning of th
ction against\electric shock.

cause injury tT persons that become exposed when an enclosure is opened or when a cov

directly or by
bee Assembly.

tallation in or
j the functions
ice personnel.
nsulation and
brt component
tems such as

stands.

ent grounding

e product and

CK — ‘A-device used to de-energize electrical components or stop moving parts that may

er is removed.

3.9 ISOLATING TRANSFORMER - A transformer of which one or more output windings is electrically
separated from the input winding and all other output windings by an insulation at least equivalent to

double and/or

reinforced insulation.

3.10 LEAKAGE CURRENT - Leakage current refers to any current, including capacitively-coupled
currents, which may be conveyed from accessible parts of a product to ground or other accessible parts

of the product

and which is not intended to be applied to a patient.
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3.11 LIMITED ENERGY CIRCUIT — A limited energy circuit is one in which the product and wiring is
incapable of releasing sufficient electrical or thermal energy under normal or abnormal conditions to cause
ignition of cotton in an oxygen-enriched atmosphere. Abnormal conditions include unintentional damage
to any part of the equipment or wiring, failure of insulation or other failure of electrical components,
application of overvoltage, adjustment and maintenance operations, and other similar conditions.

3.12 OPERATING CONTROL — A control, usually a knob, pushbutton, or lever, provided to enable the
user to cause the product to perform its intended function, without the use of tools.

3.13 OPERATOR (USER) SERVICING — Any form of servicing that might be performed by personnel
other than qualified service personnel. Some examples are:

r by means of

c) Resetting of circuit breakers or replacement of tubes, fuses, and \lamps that @re accessible
withoyit the use of tools.

d) Rqutine operating adjustments necessary to adapt the product for its diffdrent intended
functigns.

e) Rdutine cleaning, changing of filters and pens, removal of blockages in tubing, and clearing of
jams in data-recording media.

3.14 PATIEN[I-CONNECTED CIRCUITS — All patient connections, such as pads, contacts, probes,
sensors, or ciffs applied to the patient and any.associated leads, cables, components, gr wiring either
within or extefnal to the product enclosure. As-seen from the patient into the equipment,| these circuits
extend to the points where the required degree’of isolation or protective impedance is rea¢hed.

3.15 PATIENJF CONNECTIONS —

a) Isqglated — A direct or_indirect patient contact that is deliberately separated from the supply
circuif and ground by(Vvirtue of spacings, insulation, protective impedance, or ¢ combination
thereqf, e.g., electrocardiogram (ECG) leads, intra-aortic pressure monitor.

b) Orfinary —-A¢direct patient contact that does not have the spacings, insulation or protective
impedancesassociated with an isolated patient connection, e.g., blood pressure cuff,
thermpmeters, ultrasonic transducer head.

3.16 PRINTED WIRING — A pattern of conductive material formed in a predetermined design on the
surface or surfaces of an insulating base, and intended primarily to provide point-to-point electrical
connections, shielding, or to form circuit elements.

3.17 PRINTED WIRING ASSEMBLY — A printed wiring board on which separate components have been
added.

3.18 PRINTED WIRING BOARD — The combination of a printed wiring pattern and the insulating base,
completely processed as far as the printed portion is concerned.
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3.19 REINFORCED INSULATION — Improved functional insulation with such mechanical and electrical
qualities that it, in itself, provides the same degree of protection against electric shock as double
insulation.

3.20 SAFETY CIRCUIT — Any circuit, either in the primary or secondary, that is relied upon to reduce a
risk of fire, electric shock, or unintentional contact with moving parts that may cause injury to persons, for
example, an interlock circuit is considered to be a safety circuit.

3.21 SECONDARY CIRCUITS — Secondary circuits are those circuits supplied from transformer output
windings which are electrically separated from the input windings.

3.22 SUPPLEMENTARY (PROTECTIVE) INSULATION — An independent insulation provided in addition

insulation.

3.23 SUPPLY CIRCUIT — The branch circuit supplying electrical energy to the product.

3.24 TYPES OF EQUIPMENT - Recognizing the differences in applications’to the pati¢nt and in the
degree of risk posed by electrical equipment in various areas of a health\care facility, i.e}, professional
office, clinic, hjospital, or laboratory, refrigerated medical equipment covéred by this Standard is treated as
follows:

a) Patient Care Equipment — Equipment intended to bewdsed on or with, or likely t¢ be contacted
by, a patient in a health care facility in the course of his treatment.

b) Ndnpatient Equipment — Equipment for usesin‘a health care facility and for use where contact
with g patient is unlikely.

3.25 ULTIMAJTE STRENGTH — The highest stress level which a refrigerant-containing cpmponent can
tolerate witholit rupture.

4 Installation pnd Operating Instructions

4.1 The product shall be provided with installation and operating instructions. The insfructions shall
contain such glirections and information as deemed by the manufacturer to be necessary [for the proper
installation, maintenance, andjuse of the product. Particular consideration shall be given to directions
relating to cleqning and sterilization procedures.

4.2 A copy of the \manufacturer's operating and installation instructions, or equivalent information
intended to adcompany each product is to be furnished with the sample submitted for investigation. These
instructions afe\to be used as a guide in the examination and test of the product. For t:l\is 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.

CONSTRUCTION
5 General

5.1 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.

Exception: This requirement does not apply to parts, such as washers, screws, bolts, and the like, where
corrosion of such unprotected parts would not affect compliance with the requirements of this Standard.
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5.2 A product shall be constructed so that it can be cleaned or sterilized in accordance with the
manufacturer’s instructions, see Installation and Operating Instructions, without affecting the application,
operation, and performance of the product. One sample of the product, or appropriate portion of the
sample if it is intended to be only partially cleaned or sterilized, shall be subjected to the Cleaning and
Sterilization Test if it is not obvious that the product complies with this requirement.

5.3 Carrying handles or grips furnished on a portable product shall withstand loading as described in
44.1. The handles shall not break loose from the product and there shall be no permanent distortion,
cracking, or other evidence of failure.

5.4 Mounting brackets on a product intended to be wall or ceiling mounted shall withstand loading as

described in 44.2 without evidence of damage to the brackets or mounting surface.

5.5 Unless a
components §
considered to

5.6 In applyin
between the
neoprene or g
shaft and m
oxygen-enrich
limit the oxyg¢q

5.7 Componsg
6 Assembly
6.1 General
6.1.1 A prodd
condensing ut
pinching, abrg

6.2 Mechanic]

6.2.1 Louver
unintentional

N investigation shows the circuits to be energy limited as defined in 3.11
hall be separated from oxygen-enriched atmospheres. An oxygen-enriched
exist if the oxygen concentration exceeds 21 percent by volume.

g 5.5 to products such as oxygen-therapy equipment, it will be necessary to p
oxygen-enriched atmosphere and those areas containing “eléctrical comp
sbestos gaskets and grommets are considered acceptable 6h a motor mour
py be employed in conjunction with thermal-sensing devices exten
led atmosphere provided there is ventilation of outsideyair into the electrical ¢
kN concentration. See 18.14.

5.6 revised June 24, 1997

nts requiring oiling shall not be located in‘areas in which oxygen is dischargs

ct incorporating a condensing unit of the pull-out type shall be constructg
it can be pulled out without kinking or otherwise damaging the refrigerant tubi
ding, or stressing wikes and cords.

al protection

5 and pthier openings in the enclosure shall be constructed and locate
ontactwith hazardous moving parts and with hot surfaces. See 6.2.5 and 6.2

as covers, panelsyor grilles used as part of the enclosure are to be removed unless tools a

their removal.

, all electrical
atmosphere is

rovide barriers
pnents. Small
ting plate and
ling into the
bmpartment to

4

d so that the
ng and without

bd to prevent
.6. Parts such
re required for

6.2.2 Hazardous moving parts, such as fan blades, blower wheels, or belts, shall be guarded or enclosed
so that the minor dimension of any opening shall not exceed the values indicated in 6.2.3.
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6.2.3 The distance from an opening to the moving part shall be in accordance with Table 6.1, but the
minor dimension of the opening shall not, in any case, exceed 1 inch (25.4 mm). For an opening having
a minor dimension intermediate between two of the values included in the table, the distance from the
opening to the moving part shall be not less than that found by appropriate interpolation between the
corresponding values in the right column of the table. The minor dimension of the opening is determined
by the largest hemispherically tipped cylindrical probe that can be inserted through the opening with a
force of 5 pounds (22.3 N).

Table 6.1
Dimensions of openings

Minor dimensions of opening 2 Minimum distance from opening to moving part
inchgs (mm) inches (min)
1/4 (6.4) 1/2 1p.7)
3/ (9.5) 1-1/2 (38.1)
1/ (12.7) 2-1/2 (6B.5)
3/4 (19.1) 4-1/2 (114.0)
1 (25.4) 6-1/2 (145.0)
@ Openings less|than 1/4 inch (6.4 mm) are not to be considered.

if:

6.2.4 A moving part is not to be considered when judging complianée with 6.2.2 and 6.2.3

a) The part is unlikely to be contacted through thevepening because of the logation of fixed
components, including baffles, or

b) Thg part is made inoperative, when exposed, through the use of interlocking dgvices.

6.2.5 When tgsted in accordance with the Temperature and Pressure Test and the Heating [Test, surfaces
which exceed|the temperature rise of (d) (2).0r)d) (3) of Table 36.1 shall be guarded in adcordance with
6.2.2 - 6.2.3.

6.2.6 The she¢ath of a heater element,/as installed in the complete product, shall be protected against
mechanical d@amage. In addition, if\the temperature of a heater exceeds the limits permitted by (d)(2) or
(d)(3) of Tablg 36.1, whichever~s appropriate, it shall be guarded in accordance with 6]2.2 - 6.2.3 to
protect persorns from coming(in Contact with it.

6.3 Electrical |protection

6.3.1 Louver$ and\other openings in the enclosure shall be constructed and located to prevent
unintentional ¢oentact with uninsulated live parts. Parts such as covers, panels, or grilles used as part of
the enclosure are 10 be removed unless tooIS are required for their removal or an interlock is provided.
See 8.2.1.

6.3.2 Uninsulated live parts of the product shall be located, guarded, or enclosed as indicated in 6.3.3 -
6.3.16. These requirements apply only to parts of high-voltage circuits.


https://ulnorm.com/api/?name=UL 416 2013.pdf

NOVEMBER 24, 1998 REFRIGERATED MEDICAL EQUIPMENT - UL 416 11

6.3.3 If an opening in the enclosure will not permit the entrance of a 3/4 inch (19.1 mm) diameter rod, the
probe illustrated in Figure 6.1 shall not touch any uninsulated live parts and the probe illustrated in Figure
6.2 shall not touch any enamel insulated wire when inserted through the opening. The probe shall not
pass through grilles, screens, louvers, or the like when a force of 5 pounds (22.3 N) is applied.

Figure 6.1
Probe
Figure 6.1 revised November 24, 1998
D = 3/8" (9.5mm)

/!./—R = 3/16" (4.8mm)

— ‘Any"Convenient
Length

3/4"
(19.1mm)

PA170A
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6.3.4 If an of
conditions de
minor dimens

6.3.5 In addit
are likely to b
resetting man
guarded, or e
66.2.1.

6.3.6 A fuseh
live parts, oth
fuseholder, wi

Figure 6.2
Probe
Figure 6.2 revised November 24, 1998
D = 1/2" (12.7mm)

R

Py

1/4" (6.4mm)

— Any Convenient
Length

3/4"
(19.1mm)

PA1708B

scribed in Figure 6.3 shall be used in determining compliance with the requ
on of the opening shall not exceed 1 inch (25.4 mm) in any case.

on to the requirements(0f)6.3.2 — 6.3.4, uninsulated live parts inside the er
b contacted by persans.performing operations such as refilling, relamping, re
Lial-reset devices,-0iling motors, or other such normal service operations sh
closed to prevent-accidental contact unless tools are required to expose the

plder shall*be constructed, installed, or protected so that adjacent uninsulate
br than-the screw shell of a plug fuseholder, cartridge fuse clips, or wiring te
|.natbe exposed to contact by persons removing or replacing fuses. A barrie

fiber or simila

ening in the enclosure permits the‘entrance of a 3/4 inch (19.1 mm) diafeter rod, the

irements. The

closure which
placing fuses,
all be located,
live part. See

d high-voltage
rminals to the
of vulcanized

mAatarial aranlovad A A AapiardA fAar panncrlatad hinh altann I narte chall hg

not less than

oo ST PToy CO oo o guar o 1o o iSumtc U T iigT v otag v e pparto- oot oT

1/32 inch (0.8 mm) in thickness. A separation less than 4 inches (102 mm) is considered to be adjacent.

6.3.7 Electrical components shall be located or enclosed so that live parts will not be wetted by liquids
due to accumulation, overflow, splashing, leakage, cleaning, or defrost.
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Figure 6.3
Opening in enclosure

Figure 6.3 revised November 24, 1998

ENCLOSURE OPENING
SECTION. ‘A=A
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\ /
\ /
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LIVE PART i
EC100A

The opening is acceptable if, within the enclosure, there is no uninsulated live 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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6.3.8 Fluid reservoirs, condensate parts or receptacles and the like shall be constructed and located so
that overflow will not wet live parts or enamel insulated wire.

6.3.9 An overflow spout, drain hole, cutout, or the like in the condensate pan may be acceptable for
preventing dripping of water on electrical parts. An Overflow Test, Section 41, is to be conducted if it is
not evident that the product complies with 6.3.8.

6.3.10 A switch, lampholder, an attachment-plug receptacle, a motor-attachment plug, or similar
component shall be secured in position and, except as noted in 6.3.11 and 6.3.12, shall be prevented from
turning. See 6.3.13.

6.3.11 The requirement that a switch be prevented from turning will be waived if the following conditions
are met:

a) The switch is to be of a plunger or other type that does not tend to rotate\whgn operated. A
toggld switch is considered to be subject to forces that tend to turn the swijtchiduring the operation
of the|switch,

b) Mgans of mounting the switch make it unlikely that operation of\the switch will loosen it,

c) The spacings are not to be reduced below the minimum/required values if the gwitch rotates,
and

d) Ogeration of the switch is to be by mechanical means rather than direct contaft by persons.

6.3.12 A lampholder of a type in which the lamp cannat.béteplaced, such as a neon pilot or indicator light
in which the Igmp is sealed in a nonremovable jewel, need not be prevented from turning if fotation cannot
reduce spacings below the minimum acceptable valties. See Spacings, Section 25.

6.3.13 The mpans for preventing rotation meftioned in 6.3.10 is to consist of more than friction between
surfaces. A topthed 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 tdirning.

6.3.14 An unijnsulated current(carrying part and a part that supports a live part shall be $ecured to the
base or mounting surface so'that it will be prevented from turning or shifting in position if su¢h motion may
result in a refduction of spacings below the minimum acceptable values. See Section 25, Spacings.
Friction between surfaces-is not acceptable as a means to prevent shifting or turning of a live part, but a
lock washer af described in 6.3.13 is acceptable.

6.3.14 revised June 24, 1997

6.3.15 Flammable or electrically conductive thermal or acoustical insulation shall not contact uninsulated
live parts. See 50.2.1.

6.3.16 Materials used for acoustical or thermal insulation in oxygen-administering equipment shall be
classified Type 5V in accordance with the requirements for flammability of plastic materials for use in
devices and appliances, UL 94.

6.3.16 revised November 24, 1998
7 Accessories
7.1 A product having provisions for the use of electrical accessories to be attached in the field shall

comply with the requirements of this section, and shall comply with the requirements of this Standard with
or without the accessory installed.
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7.2 Installation of accessories by the user shall be restricted to an arrangement that can be accomplished
by means of receptacles and plug-in connectors.

7.3 The installation of accessories by service personnel shall be by means of receptacles, plug-in
connectors, insulated wire connectors, or by connection to existing wiring terminals.

7.4 With reference 7.3, any installation that requires the cutting of wiring or the soldering of connections
by the installer is not acceptable. Installations that require cutting, drilling, or welding are not acceptable
in electrical enclosures and in other areas where such operations may damage electrical or refrigeration
components and wiring within the enclosure.

7.5 Strain-relief means shall be provided for the wiring in the accessory if there is a possibility of

transmitting strat-to-the-termiraconnectons—tdrrghstatator———————————————————

7.6 All termingls and wiring intended to be field connected shall be identified on thé\accessory, on the
product if conpections are made between the accessory and the product, and on-the/wiring diagram(s).
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7.7 Except where it is obvious, the mounting location of the accessory shall be indicated on the product.
If the mounting location is obvious due to the function of the accessory and arrangement of the product,
and instructions are provided covering the installation and location for the accessory, the mounting
location of the accessory need not be indicated on the product.

7.8 As part of the investigation, accessories are to be trial installed to determine that their installation is
feasible, and that the instructions provided are detailed and correct.

8 Enclosures

8.1 General
8.1.1 Enclos atHbe-formedande mbtedso-thatthey-witHray gth-anaigidity necessary
to resist the gbuses to which they may be subjected without increasing the risk of fire ‘of unintentional
contact with hazardous moving parts due to total or partial collapse with the resulting reduction of
spacings, loogening or displacement of parts, or other serious defects. Enclosures forindividual electrical
components, puter enclosures, and combinations of the two are considered in\determinimg compliance
with this requirement.

8.1.2 Arrisk of fire is considered to exist at a component part or assembly’if an investigatijon shows that
the supply fof such part or assembly is capable of delivering a poewer of more than 15|watts into an
external resistor connected between the point in question and any return to the power supply.

8.1.3 An elegtrical shock is considered to exist at any accessible conductive part of a|product if the
available currgnt through an appropriate impedance connected between the part and other accessible
conductive pafts or between the part and ground, is moresthan the values specified in 33.4.1 and 33.7.1.1,
as determined by the type of equipment involved. See 3.24.

8.1.4 For unrpinforced flat surfaces, cast metakshall be not less than 1/8 inch (3.2 mm} in thickness,
except malleaple iron shall be not less than3/32 inch (2.4 mm) in thickness and die-cast metal shall be
not less than $/64 inch (2.0 mm) in thickness. Corresponding thicknesses of not less than 3/32, 1/16, and
3/64 inch (2.4, 1.6, and 1.2 mm) may-ke~used if the surface under consideration is curJed, ribbed, or
otherwise reinforced, or if the shape,and/or size of the surface is such that adequate physical strength is
provided.

8.1.5 Unless |investigated and found acceptable for the application, the thickness of p sheet-metal
enclosure shall be not less.than the value indicated in Table 8.1. See 8.2.3 with reference t¢ the minimum
thickness at a| point whefe conduit or metal-clad cable is to be connected.

8.1.6 Among [the\factors which are taken into consideration when evaluating an enclosure|are:

a) Mechanical strength,

b) Resistance to impact,

c) Moisture-absorptive properties,
d) Flammability,

e) Resistance to distortion at temperatures to which the material may be subjected under
conditions of use, and

f) Resistance to corrosion. For a nonmetallic enclosure or part of an enclosure, all of these factors
are considered with respect to aging.
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Table 8.1

Thickness of sheet metal
Table 8.1 revised June 24, 1997

Minimum thickness of sheet metal in inches

. . . Steel?
Maximum dimensions of Copper, brass, or
enclosure Without supporting member  |With reinforcing support € aluminum &
Without With
Length or supporting reinforcing
width, Area in, Zinc coated, Uncoated, 4inc coated, ncoated, member, support ©,
inch mm linch 2 cm? | inch mm | inch mm  |inch mm nch mm inpch mm  intch mm
3 76.4 6° 38.7 | 0.023 0.584 | 0.020 0.508 | 0.023 0.584 | 0.020 0.508 | 0.023 0.584(| 0.023 0.584
(24) (24) (24) (24) (22) (22)
8 203.2 || 36 232.3 | 0.029 0.740 | 0.026 0.660 | 0.023 0.584 | 0.020 0.508 | 0.036) }0.910[| 0.029 0.740
(22) (22) (24) (24) (18) (20)
12 304.8 || 90 580.7 | 0.034 0.864 | 0.032 0.813 | 0.023 0.584 | 0.020 0.508 {|\,0.045 1.143|| 0.029 0.740
(20) (20) (24) (24) (16) (20)
18 457.2 || 135 871.0 | 0.045 1.143 | 0.042 1.067 | 0.034 0.864 | 0.032, 0.813 | 0.058 1.473|| 0.045 1.143
(18) (18) (20) (20) (14) (16)
24 609.6 || 360 2322.1| 0.056 1.422 | 0.053 1.346 | 0.045 1.143 | 0:@42 1.067 | 0.075 1.905[| 0.058 1.473
(16) (16) (18) (18) (12) (14)
48 1219.2]|1200 7742.0| 0.070 1.778 | 0.067 1.702 | 0.056 1.422% 0.053 1.346 | 0.095 2.413(| 0.075 1.905
(14) (14) (16) (16) (10) (12)
60 1524.0(|1500 9678.0| 0.097 2.464 | 0.093 2.362 | 0.0567 1.422 | 0.053 1.346 | 0.122 3.099(| 0.075 1.905
(12) 12) (18) (16) (®) (12)
Over 1524.0(|Over 9678.0| 0.126 3.200 | 0.123 3.124.J10.056 1.422 | 0.053 1.346 | 0.153 3.886(| 0.075 1.905
60 1500 (10) (10) (16) (16) (6) (12)

& The figures in
numbers (for zin

b Volume of end

€ Any subdivide
thicknesses.

3).

parentheses are the Manufacturer's Standard Gage numbers (for uncoated steel), the Galvaniz
c-coated steel) and the American Wire Gage (B&S) numbers (for copper, brass, or aluminum)
the specified mipimum thickness of metal.

losure not more than 12 cubi€ inches (196.7 cm
| area not provided with a reinforcing support is considered to be without support in determining

bd Sheet Gage
hich provide

minimum
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8.1.7 The enclosure(s) of a product shall prevent mechanical damage to wiring, electrical components,
and refrigerant tubing.

8.1.8 The enclosure shall prevent the emission of molten metal, burning insulation, flaming particles, or
the like through openings onto flammable material, including the surface upon which the product is
mounted.

8.1.9 Unless it can be determined that failure of an electrical component will not result in a risk of fire,
components, such as controls, solenoids, starting relays, and switches, shall be individually enclosed
except at terminals. See Burnout Tests — Components.

8.1.10 The requirement in 8.1.8 necessitates the use of a metal barrier or a barrier of material classified
a.S Type 5V V\l 1CTl tCDth ;II auuuldal |\ vy vv;th thC Ich;ICIIICI Ito fUI ﬂamlllabl:lt_y Uf p:aotlu LILILJ terlal for parts
in devices and appliances, UL 94:

a) Under a motor unless:

1) The structural parts of the motor or of the product provide*the equivalent of such a
barrier.

2) The overload (overcurrent) protection provided with~the motor is such that no burning
insulation or molten material falls to the surface that,supports the product when the motor
is energized under each of the following fault cenditions:

i) Open main winding,

i) Open start winding,

iii) Starting switch short-gircuited, and

iv) Capacitor of g-permanent-split-capacitor motor short-circuited, pr
3) The motor is provided with a thermal motor protector (a protective device that is
sensitive to temperature and current) so that the temperature of the motoy windings will
not exceed 12535C (257°F) under the maximum load under which the motor will run
without causing the protector to cycle and will not exceed 150°C (302°F) wjith the rotor of

the motor.locked.

b) Upder_wire unless it is of the flame-retardant type, e.g., polyvinyl|chloride- or
neoprenesinsulated.

8.1.10 revised November 24, 1998

8.1.11 The barrier mentioned in 8.1.10 shall be horizontal or constructed to provide equivalent protection,
shall be located as indicated in Figure 9.1, and shall not be smaller in area than indicated in Figure 9.1.
Openings for drainage, ventilation, or the like, may be employed in the barrier if the openings are
protected by a baffle, screen, or the like so that molten metal, burning insulation, and the like cannot fall
outside the enclosure.

8.1.12 Sheet metal to which wiring system is to be connected in the field shall have a thickness not less
than 0.032 inch (0.81 mm), if uncoated steel; not less than 0.034 inch (0.86 mm) if galvanized steel; and
not less than 0.045 inch (1.14 mm) if nonferrous metal.
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Figure 8.1
Location and extent of barrier

Figure 8.1 revised November 24, 1998

30" I

EB130

A — Region to b¢ shielded by barrier. This consists of the entire component if it is not otherwise shielded, arjd consists of the
unshielded portioh 6f.a component that is partially shielded by the component enclosure or equivalent.

B — Projection of outline of component on horizontal plane.

C — Inclined line that traces out minimum area of barrier. When moving, the line is always:
1) Tangent to the component;

2) Thirty degrees from the vertical, and

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

D — Location (shown horizontal) and minimum area for barrier. The area is 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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8.1.13 If threads for the connection of conduit are tapped through a hole in an enclosure wall, or if an
equivalent construction is employed, there shall be not less than three nor more than five threads in the
metal, and the construction of the device shall be such that a conduit bushing can be properly attached.
If threads for the connection of conduit are not tapped through a hole in an enclosure wall, conduit hub,
or the like, there shall be not less than 3-1/2 threads in the metal, and there shall be a smooth, rounded
inlet hole for the conductors which shall afford protection to the conductor equivalent to that provided by
a standard conduit bushing and which shall have an internal diameter approximately the same as that of
the corresponding trade size of rigid conduit.
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8.1.14 A knockout in a sheet metal enclosure shall be secured in place, but shall be capable of being
removed without undue deformation of the enclosure which would result in damage to electrical
components and/or reduction in electrical spacings. See 8.1.16.

8.1.15 A knockout shall remain in place when a 10 pound-force (44.5 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 liable to cause movement of the knockout.

8.1.16 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.

8.1.17 In megsuring a spacing between an uninsulated live part and a bushing installed in| a knockout, it
is to be assumed that a bushing having the dimensions indicated in Table 8.2 is in_glace, |in conjunction
with a single Ipcknut installed on the outside of the enclosure.

8.1.17 revised June 24, 1997

8.1.18 Steel g¢nclosures shall be protected against corrosion by metallic oryfonmetallic coatings such as
plating or pairjting.

Table 8.2
Knockout or hole sizes and dimensions*of bushings

Bushing dimensions
Trade size df conduit Knockout or hole diameter Overall diameter Height
inches (mm O.D.) inches (mm) inches (mm) inches (mm)
1/2 (21.3) 7/8 (22.2) 1 (25.4) 3/8 (9.5)
3/4 (26.7) 1-3/32 (2°:8) 1-15/64 (31.4) 27164 (10.7)
1 (33.4) 1-23/64 (34.5) 1-19/32 (40.5) 33/64 (13.1)

8.2 Doors angl covers
8.2.1 Service|covers or panels(inthe outer enclosure shall require the use of tools for remgval or shall be
provided with| an interlocking_mechanism if they give access to unenclosed uninsulated live parts or
hazardous mqving parts.

8.2.2 An inteffocking.mechanism which:

a) Mystbe engaged in the closed position of the cover before parts are energized and

b) Will secure the cover in the closed position when engaged is considered to comply with 8.2.1.

8.2.3 A hinged or pivoted panel or cover shall be positioned or arranged so that it is not subject to falling
or winging from an open position due to gravity or vibration in such a manner as to cause injury to persons
from the panel or cover, from other moving parts, or from uninsulated live parts.

8.2.4 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), and the cover or door enclosing the device.
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8.2.5 A required protective device shall be wholly inaccessible from outside the enclosure without
opening a door or cover.

Exception: The operating handle of a circuit breaker, the reset button of a manually resettable motor
protector, the reset button of a manually resettable pressure switch, and similar parts may project outside
the enclosure.

8.2.6 An opening in an outer enclosure 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.

8.2.7 Covers for enclosures for fuses in high-voltage circuits shall be hinged. Covers for manual-reset

device.

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

a) Supplementary type control circuit fuses, provided the fuses and \Control circuit loads, other
than g fixed control circuit load such as a pilot lamp, are within thé.same enclosurg, or

b) Supplementary type fuses of 2 amperes or less for small-auxiliary resistance hdaters, such as
crankgase heaters, with a maximum rating of 100 watts (W),>or

c) An extractor-type fuse with its own enclosure, or
d) Fuses in low-voltage circuits.

8.2.8 Hinged kovers, if required, shall not depend_safely upon screws or other similar meanis to hold them
closed, but shall be provided with a latch or the-equivalent.

8.2.9 A spring latch, a magnetic latch, a dimple, or any other mechanical arrangement that will hold the
door in place |and will require some efforton the user’s part to open it is considered to bg a means for
holding the dqor in place as required in’8.2.8. When provided as the sole means for securing the cover
or panel, a cojer interlocking mechanism as described in 8.2.2, is considered to comply wjth 8.2.8.

8.2.10 A doof or cover giving direct access to fuses in other than low-voltage circuits shgll shut closely
against a 1/4 jnch (6.4 mm)rabbet or shall have either turned flanges for the full length of|four edges or
angle strips fgstened todt- Flanges or angle strips shall fit closely with the outside of the wall of the box
proper and shall overlap the edges of the box not less than 1/2 inch (12.7 mm). A specidl construction,
such as a fusg enclosure, located within an outer enclosure, or a flange and rabbet compination which
affords the equivalent protection is acceptable.

8.2.11 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.

9 Field Supply Connections
9.1 General
9.1.1 If a product is intended to be connected to the grounded conductor of a power supply circuit, a

lampholder with a screw shell base shall be wired so that the screw shell will be connected to that
conductor.
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9.1.2 A single-pole switching device shall not be connected to the grounded conductor.

9.1.3 An automatic control which does not have a marked OFF position is not required to comply with
9.1.2.

9.2 Permanently connected products
9.2.1 Products of the following types shall have provision for permanent connection to the power supply:
a) Products rated in excess of 250 volts.

b) Polyphase products.

c) Pr(Lducts having a total marked rating exceeding 16 ampere full-load current.

d) Products intended for permanent attachment to the building structure, ducts, water, steam, gas
supply, drains, or the like.

e) Products requiring 120/208 volt or 120/240 volt, three-wire supply/circuit.

9.2.2 With refeerence to 9.2.1(c), the largest sum of concurrent loads, shown on the namepjate is used to
determine the|total marked rating.

9.2.3 A prodyct shall have provision for connection of one of:the wiring methods in accordlance with the
National Electyical Code, ANSI/NFPA 70-1990.

9.2.4 A knocKout for connection of a field-wiring system*to a field-wiring compartment shall ajccommodate
conduit of the|trade size determined by applying.Table 9.1.

Table 9.1
Trade size ,of-conduit in inches (mm OD)

Wire size Number of wires
AWG  (mm?) 2 3 4 5 6
14 2.1 1/2 2113) 1/2 (21.3) 1/2 (21.3) 1/2 (21.3) /2 (21.3)
12 (3.3) 1/2 (21.3) 1/2 (21.3) 1/2 (21.3) 3/4 (26.7) /4 (26.7)
10 (5.3 1/2 (21.3) 1/2 (21.3) 1/2 (21.3) 3/4 (26.7) /4 (26.7)
8 (8.4) 3/4 (26.7) 3/4 (26.7) 1 (33.4) 1 (33.4) 111/4 (42.3)
NOTES

1 This table is bb han six
conductors in the conduit. If more than six conductors will be involved or if aII of them are not 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.

2 Trade size per Specifications for Zinc-Coated Rigid Steel Conduit, ANSI C80.1.

Table 9.2
Attachment plug designations

Table 9.2 deleted February 22, 1994
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9.2.5 Space shall be provided in the field-wiring compartment or outlet box for installation of conductors
of the number and size required by 9.2.8 using Type TW or THW wire when at least a 6 inch (152 mm)
length of each conductor is brought into the wiring compartment. If necessary, a trial installation is to be
made.

Exception:
instructions.

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

9.2.6 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 product 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.

9.2.7 A termipal compartment intended for the connection of a supply raceway shall
position and ghall be prevented from turning.

9.2.8 The prgduct shall be provided with field-wiring terminals or leads for the leonnection
having an ampacity of not less than that indicated in 64.11. It is assumed that'branch cird
rated 60°C (140°F) will be used.

9.2.9 A field-\viring terminal shall be prevented from turning or shifting’in position by mea
friction betwegn surfaces. This may be accomplished by two screws or rivets; by squard
mortises; by aldowel pin, lug, or offset; by a connecting strap or €lip fitted into an adjacent p4d
other equivalgnt method.

9.2.9 revised June 24, 1997

9.2.10 For 8 AWG (8.4 mm?) and larger conductors pressure wire connectors shall be used
(5.3 mm?) and smaller conductors, the parts to which'wiring connections are made may corf
or wire binding screws with cupped washers, terminal plates, or the equivalent to hold the w

9.2.10\evised March 16, 2010

9.2.11 A wire
except that a
(2.1, 1.3,0r0

binding screw at a field-wiring terminal shall be not smaller than a No. 8 (4.2
No. 6 (3.5 mm diameter)Screw may be used for the connection of one 14, 1
82 mm?) conductok.

9.2.11 revised March 16, 2010

9.2.12 It shodld be notedithat according to the National Electrical Code, ANSI/NFPA 70-1
(2.1 mm?) is the smaltest conductor which the installer may use for branch circuit wiring g
smallest condpctor.that' may be anticipated at a terminal for the connection of a power-sug

9.2.12 revised March 16, 2010

be secured in

of conductors
uit conductors

iNs other than
shoulders or
\rt; or by some

. For 10 AWG
sist of clamps
ire in position.

mm diameter),
6, or 18 AWG

990, 14 AWG
nd thus is the
ply wire.

9.2.13 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.

9.2.13 revised March 16, 2010
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9.2.14 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

with intended

tightening torque in accordance with the values indicated in:

a) The Standard for Wire Connectors, UL 486A-486B or

b) The requirements for wire connectors for use with aluminum conductors, UL 486A-486B, as
applicable.

9.2.14 revised March 16, 2010

9.2.15 Upturned lugs or a cupped washer shall be capable of retaining a conductor of the size mentioned

in 9.2.8 and 6t butnosmatterthamHAAWGS (2t ||||||°), undertheheadof the—screw
9.2.15 revised March 16, 2010
9.2.16 A wire|binding screw shall thread into metal.

9.2.17 A field
plated with a

twiring terminal intended for the connection of a grounded conductor shall bg
metal substantially white in color and shall be readily «distinguishable f

terminals, or proper identification of that terminal shall be shown in sorhe other manner, 5

attached wirin
show a white
so identified.

9.2.18 The l¢
more if the leg

Exception: T
lead may res

9.2.19 Leads
on the lead m

9.2.20 Leads
to wire binding
the screws or

g diagram. A lead intended for the connection of a grgunded conductor shall
or gray color, shall be readily distinguishable from ©ther leads, and no othe

9.2.17 revised September¢274,2013

hgth of a lead inside an outlet box or wifing compartment shall be 6 inches
d is intended for field connection to an‘\external circuit.

he lead may be less than 6 inches (152 mm) in length if it is evident that the
It in damage to the lead insulatioh.

intended for connectiontovan external circuit shall be provided with strain r
Ay be transmitted to_terminals, splices, or internal wiring.

provided for spliced connections to an external high-voltage circuit shall not
screws or pressure wire connectors located in the same compartment as thg
connectorstate rendered unusable for field-wiring connections or the leads a

the unconnected ends:

pr the washer.

b of a metal or
om the other
such as on an
be finished to
lead shall be

(152 mm) or

se of a longer

plief if a strain

be connected
e splice unless
re insulated at
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9.3 Cord connected products

9.3.1 A product intended for cord connection to the power supply shall be provided with a flexible cord of
proper type, length, and ampacity and with an attachment-plug or proper type and rating.

9.3.2 Cord-connected products shall employ grounding-type attachment plugs.

Exception:

Patient care equipment may employ either the locking type attachment plug designated

"Hospital Only," or a conventional two-blade with grounding pin attachment plug designated "Hospital
Grade," and shall be marked in accordance with 65.3.

9.3.3 The maykedratinmgofacord—conmectedproductsee 651 shattmotexceed-86perce

of the attachnm

9.3.4 A cord-
rated for use &
in the Nationg
input measurg
The ampere
accessories ir

9.3.5 The suq
Exception: A
shown that u

impedance off

9.3.6 The poV
m) in length. T

a) An
b) Th
9.3.7 The poy\
be transmitted

not contact un
cord shall not

9.3.2 revised February 22, 1994

ent plug.

connected product may employ Type SO, ST, STO, SJO, SJT, or SJTO pow,
It a voltage not less than the rated voltage of the product. The ampacity of the
| Electrical Code, ANSI/NFPA 70-1990, shall not be less than that required
d in the Temperature and Pressure Test, Section 36, the Heating Test, Secti
nput value shall include the loads for convenience outlets and the curi
tended for use with the product. See 63.9.

ply cord shall be permanently attached to the product.
separate cord set with means for connection~to the product may be employ
hintentional disconnection is unlikely or that unintentional disconnection or
the ground circuit contacts will not constitute a potential risk to the patient o
[he length is measured between-the attachment plug and:

y point at which the corg-exits the product cabinet or

E last strain relief, whichever is shorter.

ver supply cord.shall be provided with strain relief means so that strain on th
to terminals,ysplices, or internal wiring. If a metallic strain relief means is pr

be subject to damage by moving parts if it can be moved inward.

nt of the rating

er-supply cord
cord as given
by the ampere
bn 37, or both.
ent drawn by

ed if it can be
the additional
- operator.

ver supply cord for a product shall*be no less than 6 feet (1.8 m) nor more than 15 feet (4.6

e cord will not
pvided, it shall

insulated.}ive parts or reduce spacings within the enclosure if the cord is moved inward. The

9.3.8 To detd

rmine the adequacy of the strain relief means, a 35 pound (15.9 kg) w

pight is to be

suspended on the cord and supported by the product so that the strain relief means will be stressed from
any angle which the design of the product permits. The load is to be applied for 1 minute. The strain relief
is not acceptable if there is such movement of the cord as to indicate that stress would have resulted on
the cord connections.
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9.3.9 The edges of the entry hole for the power supply cord, including the cord entry hole in a bushing,
shall be smooth and rounded without burrs, fins, or sharp edges which might damage the cord insulation.
The power supply cord shall be routed to reduce the risk of damage to the cord insulation.

9.4 Grounding

9.4.1 A product shall have provision for grounding as follows:

a) In a permanently connected product, an equipment grounding terminal or lead.

b) In a cord connected product, an equipment grounding conductor in the cord terminating in
an identified grounding terminal as specified in 9.3.7.

9.4.2 On a pgrmanently connected product, a terminal solely for connection of an equipfnient-grounding
conductor shall be capable of securing a conductor of the size acceptable in accordance with the National
Electrical Codge, ANSI/NFPA 70-1990.

9.4.3 A soldefing lug, a push-in, a screwless connector, or a quick connect or similar friction fit connector
shall not be uged for the grounding terminal.
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9.4.4 On permanently connected products, a wire binding screw intended for the connection of an
equipment grounding conductor shall have a green colored head that is hexagonal, slotted, or both.
Except as indicated in 9.4.5, a pressure wire connector intended for connection of such a conductor shall
be plainly identified such as by being marked G, GR, GROUND, or GROUNDING, or by a marking on a
wiring diagram provided on the product. The wire binding screw or pressure wire connector shall be
secured to the frame or enclosure of the product and shall be located so that it is unlikely to be removed
during service operations such as replacing fuses, resetting manual-reset devices, or oiling motors.

9.4.5 If a pressure wire connector intended for grounding is located where it could be mistaken for the
neutral conductor of a grounded supply, it shall be identified by a marking EQUIPMENT GROUND, with
a green color identification, or both.

9.46 On a

connection of
continuous gr

9.4.7 On corg
continuous gr
conductor shg
the product by

+1 ol &l U 1 £ £ H latadl 1 ot dadl
IIII(J.IICIII.I_y CUTITITCULTU pluuuul., UIC oulTacvtT Ul At miourattu 1CAau 1mieTiutTu
an equipment grounding conductor shall be finished in a continuous, gre
ben color with one or more yellow stripes, and no other lead shall be sG“iden

ben color or with a continuous green color with one or more yellow stripes
Il be so identified. The grounding conductor shall be secured o the frame o
a positive means, see 12.5, that is not likely to be removed during any servi

not involving the power supply cord. The grounding conductor shall be‘eonnected to the gn

of the attachn
10 Internal W
10.1 General
10.1.1 All wir

a) Sh

b) Su
insulal

c) Md

d) P4
and th

10.1.2 With rq

ent plug.

iring and Wiring Methods

bs and cords used in a product shallcbe routed and supported to prevent dar
arp edges,

rfaces and parts which-operate at temperatures in excess of that for w
tion is rated,

ving parts, and

rts which can\be expected to vibrate such as motors, motor-compressors, re
e like. Clamping means are to have smooth, rounded surfaces.

bference to 10.1.1, wires and cords may contact a vibrating part provided:

solely for the
en color or a
tified.

connected products, the grounding conductor of the flexible cord shall be {inished with a

and no other

r enclosure of

cing operation

ounding blade

nage due to:

hich the wire

frigerant lines,

a) The wiring is securely fastened to the part at the point of contact so as to restrict movement,

b) The part does not have burrs, fins, or sharp edges which might abrade the insulation, and

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

10.1.3 Wiring shall have insulation rated for the potential involved and the temperatures to which it may
be subjected. Compliance is to be judged on the basis of the temperatures measured during the
applicable temperature tests specified in Sections 36 and 37.

Exception: If it can be determined that the wiring shall not be exposed to heat from radiating sources or
heated components, and if the ampacity of the conductors is in accordance with Table 10.2 and 10.1.5,
the temperature tests on the wiring may be waived.

10.1.3 revised February 22, 1994
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10.1.4 Wiring which is color coded green or green with one or more yellow stripes shall be used only for
grounding conductors. Wiring used for other purposes shall not be identified with the above color codes.

10.1.5 With reference to the Exception to 10.1.3 high voltage circuit conductors supplying one motor shall
have an ampacity not less than 125 percent of the full-load current rating of the motor. Conductors
supplying more than one motor shall have an ampacity not less than 125 percent of the full-load current
rating of the largest motor plus the full-load current rating of any other motors supplied. Conductors
supplying a motor load and other loads shall have an ampacity not less than 125 percent of the full-load
current rating of the motor plus the marked current ratings or measured inputs of the additional loads
supplied.

10.1.5 revised February 22, 1994

n water unless

10.1.6 All wirgsandcordsshattberouted-andsupportedsothat they-witt ot bemmersed

the insulation |s specifically intended for this purpose. The wiring arrangement shall be such as to prevent
water from enfering wiring enclosures and electrical enclosures.
Exception: Water may enter an enclosure providing:

a) the point of entrance is not in proximity to live electrical parts.and

b) the live parts are not wetted.
10.1.7 Parallgl conductor appliance wiring material of the integral type is not to be ripped more than 3
inches (76.2 hm) unless the minimum wall thickness of the ¢onductor insulation after ripging is at least
0.058 inch (1.47 mm) in thickness. If the material has conductor insulation not less than 0.p28 inch (0.71

mm) after rip
raceway, the

ing and is within a separate metal enclesure, conduit, electrical metallic tu
ngth of rip is not limited.

bing, or metal

10.1.8 If wiring extends from the cabinet to a hinged door or other parts which are moved infuse, stranded

conductors shall be employed, and the arrangement shall prevent twisting or stressing of
a result of thejmovement. The wiring shall be-routed or protected to prevent damage to the

conductors shall be of a jacketed type-such as Type SJO or SJT and shall be provided w|
so that stress|will not be transmitted. to-terminals or splices.

10.1.9 With reference to 10.1(8,)wiring which is subjected to movement is to be tested

moving part tHrough the maximum travel permitted by the design. The duration of the test is
cycles. Followfing this, thesuhit is to be subjected to the Dielectric Voltage Withstand Test,

i ined for-damage to determine if any conductors are broken or if individual
insulatien.

conductors as
nsulation. The
th strain relief

by cycling the
to be 100,000
and the wiring
strands have

and 12 AWG

10.1.10 14 AWG)(2.1 mm?3) conductors supplying 15 ampere, general purpose receptacles

(3.3 mm?) conductors supplying 20 ampere, general purpose receptacles are considered
with the temperature requirement of 10.1.5. See 36.6.

10.1.10 revised March 16, 2010

as complying

10.1.11 The insulation of wires or cords connected to fan motors and other auxiliary motors shall be of
an oil resistant type, such as Type SJO, SJT, SPT-3, or appliance wiring materials having oil resistant
insulation.
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10.1.12 If any failure of low-voltage wiring may cause malfunctioning of a pressure-limiting device, motor
overload protective device, or other protective device which may result in unsafe operation of the product,
such wiring shall be enclosed wire as indicated in 10.2.1 or shall be Type SPT-2 cord or one of the types
indicated in Group B of Table 10.1. Wires of types indicated in Group A of Table 10.1, or low-energy safety
control wire may be used if such wiring is located in a cavity or compartment of the product and is shielded
from damage.

10.1.13 All splices and connections shall be mechanically secured and electrically bonded. A soldered
connection shall be made mechanically secure before being soldered.

10.1.14 Splices shall be located within the product enclosure. They shall be secured in position or located
in a separate enclosure so that they are not subject to flexmg motion or V|brat|on due to air movement,
or the like. Sired v moved during
service operafions, such as replacing fuses, resettlng manual reset dewces or oiling motofs.

10.1.15 A spljce shall be provided with insulation equivalent to that of the wires_ invelved |f permanence
of spacing befween the splice and other metal parts is not assured.

Table 10.1
Typical wiring materials
Table 10.1 revised March 16, 2010

Wire size Insulation thickness
Group Type of wire, cord, or cable 2 AWG (mm?) inch (mm)
A TF,|TFF, TEN, TFEN, THW, XHHW, MTW, THW-MTW, 10 and (5.3) 2/64 (0.8)
THYVN, PF, PGF, PFF, PGFF, TW, or thermoplastic smaller
apgliance wiring material
PH g 8 (8.4) 3/64 1.2)
B SO| ST, SPT-3, SJO, SJT, or appliance wiring material® 18 (0.82) 4/64 (1.6)
with) thermoplastic or neoprene insulation 16 (1.3) 4164 (1.6)
14 (2.1) 5/64 (2.0)
12 (3.3) 5/64 (2.0)
10 (5.3) 5/64 (2.0)
8 (8.4) 6/64 (2.4)
a Appliance wirinng recognized for refrigeration use.
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Table 10.2
Wiring materials ampacities
Table 10.2 added February 22, 1994
Wire size

mm?2 (AWG) Ampacity

0.41 22 4

0.66 20 7

0.82 18 10

1.3 16 13

2.1 14 18

33 12 25

5.3 10 30

8.4 8 40,

13.3 6 55

21.2 4 70

33.6 2 95

42.4 1 110
NOTE — The ampacities shown apply to appliance wiring materials with insulation ratech 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 310-17 in
the National Hlectrical Code, ANSI/NFPA No. 70-1993 for the type of wire emgloyed. The correction factors of the
referenced taples need not be applied.
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10.1.16 Splicing devices, such as fixture-type splicing connectors and pressure wire connectors, may be
employed if they provide mechanical security and employ insulation rated for the voltage to which they are
subjected. In determining if splice insulation consisting of coated fabric, thermoplastic, or other type of
tubing is acceptable, consideration is to be given to such factors as its electrical, mechanical, and
flammability properties. Thermoplastic tape wrapped over a sharp edge is not acceptable.

10.1.17 Quick-connecting assemblies are to form a secure electrical connection, such as by detents in
the mating parts, and are to be capable of carrying the current involved.

10.1.18 Wire binding screws shall thread into metal. At terminals, stranded conductors shall be secured
by soldered or pressure-type terminal connectors or the conductors shall be soldered or otherwise
assembled to prevent loose strands after assembly Soldered connections shall be made mechanically

secure beforerb
prevent disco
shall be prote

nection resultmg from Ioosenmg of the clamping means. The shanks of terml

values by slight loosening of the clamping means. The insulating material shall be secured i

thickness of th
by 25.1.9.

10.1.19 Holeq
may bear sha
which the wirg

e insulation on the shanks shall be not less than 0.028 inch (0.71mm) excef

in walls, panels, or barriers through which insulated wires«orcords pass and
| be provided with smoothly rounded bushings or shall have smooth, rounded
s or cords may bear to prevent abrasion of the insulation. Bushings shall be f

materials such as ceramic, phenolic, cold-molded composition, ‘ot fiber.

10.2 Permangd

10.2.1 Wiring

ently connected products

shall be of the type indicated in Table ¥0.1, Group A, and enclosed by n

e~constructed to
hal connectors

Cted by electrical insulation if the spacings may be reduced below the_minimyim acceptable

N position. The
t as permitted

on which they
surfaces upon
Abricated from

eans such as

conduit, electiical metallic tubing, metal racewayscar control boxes. Fittings shall be consfructed for use

with the type

Exception:
employed in |
to wiring, igni
cabinet.

10.2.2 With rg
enclosing the

a) Th
betwe)

pf wiring enclosure employed.

Pords or appliance wiring material of a type indicated in Table 10.1, Gro
eu of the enclosed wiring provided the wiring is enclosed by the cabinet to pr
lion of flammable material, or emission of flame or molten metal through o

ference to 10.2.1, the wiring is considered to be enclosed when the cabinet o
wiring complies with the following:

Ere are~no openings in the top of the compartment unless barriers or baffl
en, the wiring and the openings.

ip B, may be
event damage
benings in the

compartment

es are placed

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

c) Louvers or openings, other than in the bottom, will not permit entrance of a rod having a
diameter of 1/2-inch (12.7-mm).
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d) Openings are not closer than 6 inches (152 mm) to the wiring unless barriers or baffles are
placed between the wiring and the openings. A nonmetallic material employed as a barrier or

baffle

shall be investigated for use as an enclosure. See 8.1.6.

e) Where flammable material, other than electrical insulation, is located within the compartment,
the wiring is to be separated from such material or the material shall not introduce a risk of fire.

Exception: Wiring need not be isolated as indicated above if it complies with the VW-1 flame test or the
vertical flame test described in the reference Standard for Electrical Wires, Cables, and Flexible Cords,

UL 1581.

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

for connectio
51.

Exception: A

a A
condu

b) A
provig
more

c) A

the le
enclos

10.3 Cord-co

10.3.1 A cord
two:

a) Cd

b) Wi
tubing

Excef
not b4

4 ] L Lall kot ot PN HTH £+l 1 oo O T e H
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conductor that complies with one or more of the following is acceptable with

conductor that has an ampacity of not less than one-third of ampacity of the
ctors as determined in 9.2.8, or

conductor that is 18 AWG (0.82 mm?) or larger and not more than 4 feet (1.2
ed that the circuit will be protected by a fuse or "HACR Type" circuit breake
than 60 amperes, or

tonductor that serves as a jumper lead between controls, provided that eithe

ad does not exceed 3 inches (76.2 mm),~orthe conductor is located in an el
bure.

10.2.3 revisgd’March 16, 2010
hnected products

-connected product shall-be wired by either of the following means or comb

rds or appliance (wiring material as referenced in Table 10.1, Group B.

ring material-as referenced in Table 10.1, Group A, enclosed in conduit, eleg
, metal raceways, control boxes, or cabinet walls.

tion: ~Neoprene or thermoplastic insulated wiring material in Group A of T4

Test, Section

out test:

branch circuit

P ' m) in length,
r rated not

i the length of
betrical control

nations of the

trical metallic

ble 10.1 need

enclosed as indicated above, if all of the following conditions are met:

1) Internal wiring shall be cabled, routed, located or secured to reduce the likelihood of
damage to the wiring during routine servicing such as replacing fuses, adjusting the

settings of controls, or the like; and

2) Internal wiring shall be separated from flammable material in accordance with

10.3.2.
10.3.1 revised February 22, 1994
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10.3.2 With reference to 10.3.1(a), the wiring shall be arranged so that burning insulation or molten
material will not fall onto flammable material within or under the enclosure. There shall be no openings in
the top of the compartment unless damage to the wiring is prevented by means such as barriers, baffles
or the like. Such protective means is considered acceptable if it will not permit entrance of a 1/2 inch (12.7
mm) diameter rod inserted vertically.

Exception: Wiring need not be isolated as indicated above if it complies with the VW-1 flame test or the
vertical flame test described in the reference Standard for Electrical Wires, Cables, and Flexible Cords,
UL 1581.

10.3.2 revised June 24, 1997

11 Separation of Circuits

11.1 Patient ¢are equipment

11.1.1 If the ghorting together of two adjacent conductive parts (wires, terminals, structural
like) of an appliance will result in available leakage current in patient-connectedcircuits in

metal, and the
excess of the

limits outlined

a) Fo

voltag

to anyf
insulal
be us

b) Fo
that r¢

c) Ifn
(unpie

11.1.2 In evd

in 33.4.1, the construction shall comply with at least one of the following:

I insulated conductive parts, each insulation employed.-Shall be rated for
e possible (for example, the highest voltage on a part4vith respect to ground
bd in place of a single insulation.

I two uninsulated conductive parts, a spacing between parts that is not less th
quired in Table 25.1 may be used.

ot insulated or spaced apart as in (@) or (b) the parts shall be separated by m
1) An electrical barrier located so that the barrier is acceptable as a
conductor insulation; or'in the case of a barrier between two uninsulated pg
the requirements-for reinforced insulation thereby reducing the risk of

equivalently to‘that accomplished by double insulation.

2) A conductive barrier located and electrically connected so that any like
will netyfesult in any increase in available leakage current above the speci

luating the required separation of the patient-connected circuits from ad

derived from

ifferent sources in accordance with 11.1.1, consideration shall be given

rced) barrier, permanently sectited in place, of one of the types noted below:

the maximum
br with respect

exposed conductive part, either with or without the.inttoduction of any randon failure of one
fion involved). A spacing between parts that is not'less than that required in T

able 25.1 may

an 1-1/2 times

pans of a solid

bupplement to
rts, will satisfy
electric shock

bly breakdown
ied limits.

acent circuits
o the effects,

including deterioration of insulation, of abnormal operation involving overload, short-circuit, or component
failure conditions.

11.1.2 revised June 24, 1997

11.1.3 For nonpatient-connected accessible parts (enclosures, chassis, remote low-voltage circuitry, or
the like,) of patient care equipment, the construction of the product shall comply with the requirements for
nonpatient equipment in 11.2.1.

11.1.3 revised June 24, 1997
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11.2 Nonpatient equipment

11.2.1 The construction of a product shall comply with 11.2.2 if the shorting together of two adjacent
conductive parts (wires, terminals, structural metal, and the like) of the product will result in either of the

following:

a) A difference of potential greater that 212 volts peak (150 volts RMS if the waveform is
sinusoidal) between any accessible parts of a product or between any accessible parts of a
product and ground which would cause more than 7.07 milliamperes peak (5.0 milliamperes RMS
if the waveform is sinusoidal) to flow through a 500 ohm resistor connected between the parts in

questi

on.

RAC o f 4l

waveform is

b) A

sinus(
within
of sug
7.07 1

;fI‘CICII\;C Uf putcntla: UICGtCI thall 42.4 VU:tO pca:\ (30 V\JItQ LAYAAE=ANLLE 1A
idal) between any accessible parts associated with circuitry routed to remaote
the confines of the appliance enclosure, between the terminals intended\for t
h circuits, or between such parts or terminals and ground which would cat

nilliamperes peak (5.0 milliamperes if the waveform is sinusoidal) te, flow throy

b |ocations not
he connection
se more than
gh a 500 ohm

resistdr connected between the parts in question.

11.2.2 A product mentioned in 11.1.3 shall comply with at least one of the following:

a) For insulated conductive parts, each insulation employed shall be rated for [the maximum
voltage possible (for example, the highest voltage on a part'with respect to ground ¢r with respect
to any| exposed conductive part, either with or without the introduction of any randony failure of one
insulation involved). A spacing between parts that is\iot less than that required in Tiable 25.1 may
be usgd in place of a single insulation.

b) Fof two uninsulated conductive parts, acspacing between parts that is not less thgn 1-1/2 times
the reguired in Table 25.1 may be used:

c) Ifn
(unpig

ot insulated or spaced apartas in (a) or (b) the parts shall be separated by means of a solid
rced) barrier, permanentiyxsecured in place, of one of the types noted below:

1) An electrical_insulating barrier located so that the barrier is acd
supplement to(conductor insulation, or, in the case of a barrier between t\
parts, will satisfy the requirements for reinforced insulation thereby affordir
protection.against electrical shock equivalent to that afforded by double ing

eptable as a
0 uninsulated
g a degree of
ulation.

2) Alconductive barrier so located and electrically connected that any |
breakdown will not cause voltages in excess of the limits in 11.2.1(a) and
on exposed conductive parts or on circuitry to remote locations.

kely electrical
(b), to appear

12 Bonding for Grounding

12.1 A product 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 product is energized.

12.2 Uninsulated metal parts, such as cabinets, electrical enclosures, motor frames and mounting
brackets, controller mounting brackets, heater element sheaths, capacitors and other electrical
components, interconnecting tubing and piping, valves and plumbing accessories, and
refrigerant-containing parts are to be bonded for grounding if they may be contacted by the user or
serviceman.
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Exception: Metal parts described as follows need not be grounded:

a) Adhesive-attached metal-foil markings, screws, handles, and the like, which are located on the
outside of enclosures or cabinets or wiring by grounded metal parts so that they are not likely to
become energized.

b) Isolated metal parts, such as motor controller magnet frames and armatures or small assembly
screws, which are positively separated from wiring and uninsulated live parts.

¢) Cabinets, panels, and covers which do not enclose uninsulated live parts if wiring is positively
separated from the cabinet, panel, or cover so that it is not likely to become energized.

d) P
barrie
1/32 ]
havin(
mech

abovd.

12.3 Metal-to

a door or cover for grounding if a multiple-bearing pin-type hinge(s)/is 'employed.

12.4 A separ|
acceptable for
against corro
separate bong

a) Be

or frane, and

b) Nd
groun
of the

12.5 The bon
welding or sol
The bonding
Bonding arou
material exce

$

nCI’J Clnd CUVCTO VVIL;I.bh arc lnoullatcd flum CI’CU:’ I‘ball uumpuncnfo al’;d VVI.I Iny b
I of vulcanized fiber, varnished cloth, phenolic composition, or similar materia
ch (0.8 mm) in thickness, 0.028 inch (0.71 mm) minimum, and secured_in pl4
) a lesser thickness is used, consideration is to be given to such factors a
hnical, and flammability properties when compared with material$\ir’ thickne

metal hinge bearing members for a door or cover are considered to be a meal

hte component bonding conductor shall be of copper, a copper alloy, or
use as an electrical conductor. Ferrous metal patts in the grounding path shg
Kion by metallic or nonmetallic coatings sucti as enameling, galvanizing,
ing conductor or strap shall:

protected from mechanical damage of be located within the confines of the o

t be secured by a removable fastener used for any purpose other tha
Hing unless the bonding-€enductor is unlikely to be omitted after removal an
fastener.

fing shall be by & positive means such as clamping, riveting, bolted or screw
ering and brazing materials having a softening or melting point greater than 4
connectionsshall penetrate nonconductive coatings such as paint or vitr
d a resilient mount shall not depend on the clamping action of rubber or oth
t as_indicated in 12.8.

an insulating
5 not less than
hce. If material
5 its electrical,
sses specified

ns for bonding

pther material
[l be protected
or plating. A

uter enclosure

n bonding for
d replacement

ed connection,
55°C (851°F).
eous enamel.
er nonmetallic

her under the

12.6 With ref

prence to 12.5, a bolted or screwed connection that incorporates a star was

screwhead or a serrated screwhead is acceptable for penetrating nonconductive coatings. If the bonding
means depends upon screw threads, two or more screws or two full threads of a single screw shall

engage the m

etal.

12.7 An internal connection for bonding internal parts to the enclosure for grounding, but not for a field
installed grounding conductor or for the grounding wire in a supply cord, may employ a quick-connect
terminal of the specified dimensions provided the connector is not likely to be displayed and provided the
component is limited to use on a circuit having a branch circuit protective device rated as follows:
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Terminal dimensions Rating of protective device
inches (mm) amperes
0.020 by 0.187 by 0.250 (0.51 by 4.75 by 6.4) 20 or less
0.032 by 0.187 by 0.250 (0.81 by 4.75 by 6.4) 20 or less
0.032 by 0.205 by 0.250 (0.81 by 5.2 by 6.4) 20 or less
0.032 by 0.250 by 0.312 (0.81 by 6.4 by 7.9) 60 or less

12.8 A connection that depends upon the clamping action exerted by rubber or other nonmetallic material
may be acceptable if it complies with 12.12 under any normal degree of compression permitted by a
variable clamping device and if the results are still acceptable after exposure to the effects of oil, grease,
moisture, and thermal degradation which may occur in service. Also, the effect of assembling and
disassembling, for maintenance purposes, such a clamping device is to be considered with particular

emphasis on {

12.9 On a co|
less than that

12.10 On a j

enclosure or fotor frame shall be based on the rating of the branch circuit overcurrent d

the equipmen
in accordance

he likelihood of the clamping device being reassembled in its intended fashi

fd connected product, a bonding conductor or strap shall have a cross-secf]
of the grounding conductor of the supply cord except as permitted(by 12.12

will be connected. Except as indicated in 12.12, the size~of the conductor or
with Table 12.1.

Table 12.1
Bonding wire conductor.size

pn.

ional area not
and 12.13.

ermanently connected product, the size of a conductor employed to bond an electrical
evice to which

strap shall be

Rating pf overcurrent device Size of bonding conductor &
Copper wire Aluminum ire

amperes AWG (mm 2) AWG (mm 2)
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)

& Or equivalent fross-sectional area.

12.11 A cond
12.10, is cons
the wire sizes

uctor, such as a clamp or strap, used in place of a separate wire conductor
idered acceptable provided the minimum cross-sectional conducting area ig
indicated in Table 12.1.

hs indicated in
equivalent to

12.12 A smaller conductor may be used if the bonding conductor and connection comply with the
provisions of the Current Overload Test and the Limited Short-Circuit Test.
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12.13 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 10.2.3.

12.14 Splices shall not be employed in wire conductors used to bond electrical enclosures, motor frames,
or other electrical components.

12.15 If more than one size branch circuit overcurrent device is involved, the size of the bonding
conductor is to be based on the rating of the overcurrent device intended to provide ground-fault
protection for the component bonded by the conductor. For example, if a motor is individually protected
by a branch circuit overcurrent device smaller than other overcurrent devices used with the equipment, a
bonding conductor for that motor is sized on the basis of the overcurrent device intended for ground-fault

protection of the motor.

ELECTRICAL
13 Capacitory

13.1 A motor
for radio-inter
container whig
of flame or mq
providing stre
of 0.020 inch

Exception: T
0.020 inch (0
enclosure of t

13.2 If the co
and shall be p
prevent contal
mm) thick exd

13.3 A capac
against expul
requirements
used. See Sh

Exception: I
winding, the ¢

COMPONENTS

starting or running capacitor, and a capacitor connected across the line, such
ference elimination or power-factor correction, shall be housed within an
h shall protect the plate against mechanical damage and‘which shall preven
Iten material resulting from malfunctioning of the capaciter. The container sh
ngth and protection not less than that of uncoated sheet steel having a minirn
0.51 mm).

he individual container of a capacitor may be-of sheet metal having a thick
51 mm) or may be of material other thai¥’ metal if the capacitor is moun
he product or within an enclosure which frouses other parts of the product.

ntainer of an electrolytic capacitor-is ‘metal, the container shall be considereg
rovided with moisture-resistant:€lectrical insulation to isolate it from dead-met
Ct during servicing operations;:~The insulating material shall be not less than
ept as indicated in 25.1,9:

tor employing a liquid, dielectric medium more combustible than askarel sha
5ion of the dielectric: medium when tested in accordance with the applicablé
pf this Standard,Jincluding faulted overcurrent conditions based on the circu
Drt-Circuit Test,” Section 51.

as a capacitor

enclosure or
t the emission
all be of metal
hum thickness

hess less than
ted within the

as a live part
al parts and to
1/32 inch (0.8

| be protected
e performance
t in which it is

the available fault current is limited by other components in the circuit, such a

but not less

han) the current established by dividing the circuit voltage by the impedan

apacitor may be tested using a fault current less than the test current speciﬁe(jr9

S a motor start
in Table 51.1
of the other

component(s).

14 Current-Carrying Parts

14.1 All current-carrying parts of a product shall be of silver, copper, a copper alloy, or other material
acceptable for use as an electrical conductor.

Exception: Multimetallic thermal elements and heater elements of a thermal protector need not comply
with this requirement.

14.2 Aluminum may be used as current-carrying part if treated to resist oxidation and corrosion.
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14.3 Iron or steel, if provided with a corrosion resistant coating, or stainless steel may be used for a
current-carrying part:

a) If permitted in accordance with 2.1.1 or

b) Within a motor, but the use of ordinary iron or steel for current-carrying parts elsewhere in
the product is not acceptable.

15 Electric Heaters

15.1 Heater elements

[T

15.1.1 An ele
damaged by

15.1.2 Metal
material or sh
temperatures

bt L + =Y <l
CUTL  TTCALTT  oftAall T Al TTTLAoTU  AootTliTd

he temperature to which they will be subjected in the product.

Ll + tacl AP PP | |
MViy CLUTTotuuLiTu U Tratciialo v

tubing forming a heater element enclosure shall be constructed. of/corrg
all be plated, dipped, or coated to resist external corrosion and shall’'be accq
fo which it is subjected. See 15.1.3.

15.1.3 Unco

ed copper tubing may be employed for temperatures of 200°C (392°F) and

coated copper tubing is acceptable for temperatures below the jmelting temperature o

Uncoated or

xide-coated steel tubing is not considered acceptable as a heater sheath

tubing may be employed if the coating is determined to be_cefrosion resistant and will
temperatures fo which it may be subjected. Aluminum tubing:may be employed if the allo

burnout test

ithout melting or other failure. Stainless steel tubing of the austenitic grades §

Type 304 is generally acceptable for defrost heater sheaths.

15.1.4 Insula
shall be of a n
be subjected

noisture resistant material which wilk hot be damaged by the temperatures to
n the product.

15.1.5 Insulaging material employed in-aheating element shall be acceptable as the sole

parts. Materia|
located and p
moisture. Wh{
strength, diele
to which it is
unintentional

considered wi

s such as magnesium oxide may be used in conjunction with other insulati
rotected so that mechanical damage is prevented and if not subjected to the
N it iS necessary to investigate a material, consideration is to be given to

ctric strength, insulation resistance (see 50.1.1- 50.1.5), heat resistant qualiti
enclosed_er\protected, and any other features having a bearing on the

contact involved in conjunction with conditions of actual service. All of the
h respect to thermal aging.

h will not be

sion resistant
pptable for the

ower; metallic
f the coating.
. Plated steel
withstand the
withstands a
such as ASTM

ing materials, such as washers and_bushings, which are integral parts of a hg¢ating element

which they will

support of live
ng materials if
absorption of
ts mechanical
bs, the degree
risk of fire or
e factors are

15.1.6 To comply with 15.1.1, a heater case or a terminal seal of neoprene or thermoplastic materials

shall have suitable aging properties for temperatures measured during heating tests. See Accelerated
Aging Test — Electric Heaters, Section 53.

15.1.7 An electric heater assembly shall be sealed to prevent entrance of moisture. See Insulation
Resistance Test, Section 50. Molded seal caps, vulcanized to the heater leads and heater sheath, shall
have a wall thickness equivalent to that required for the heater leads.
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15.2 Heater control

15.2.1 If failure could result in an electrical shock or risk of fire, electric heaters shall be provided with a
thermal protective device or a replaceable thermal cutoff. See Burnout Test, Section 47. Thermal cutoffs
are to comply with the requirements specified in the Standard for Thermal-Links — Requirements and

Application Guide, UL 60691.

15.2.1 revised March 3, 2006

15.2.2 A thermal cutoff shall be secured in place and located so that it will be accessible for replacement
without damaging other connections or internal wiring. See 15.2.3.

15.2.3 Wiring connected to a thermal cutoff shall be secured so that replacement of the thermal cutoff will

not result in g
heating elemg

16 Insulating

16.1 Material
material with

16.2 VulcaniZ
the sole supp
risk of fire or ¢
parts if found
propagation,
All of these fa

17 Lamphold

17.1 A lamph
shell are not 4

Exception: T
dismantle the
illumination, 9
3.1.3 (¢).

17.2 A lamph

17.3 If neces

isptacementordisturbanceof-mtermat-wiring—other thamteads—to—the—cutof
nt assembly on which the cutoff is mounted.

Material

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

ed fiber may be used for insulating bushings, washers;, separators, and barri
brt for uninsulated live parts where shrinkage, current'leakage, or warpage m
lectrical shock. Plastic materials may be acceptable for the sole support of u
to have adequate mechanical strength and rigidity, resistance to heat, resis
ielectric voltage withstand, and other factors involved with the conditions of
Ctors are to be considered with respect tocthermal aging.

brs and Lamps

plder shall be constructed andxinstalled so that uninsulated live parts other t
Xposed to contact by persons-removing or replacing lamps during user serv

he requirement does not-apply if, in order to remove or replace a lamp, it is
product by means.of\tools. However, common Edison-base or fluorescent |
I pilot lamps are(to be user serviceable without such dismantling of the pro

plder shallinot employ a paper liner.

sary. to reduce the risk of injury or electrical shock during the operation of

itself or to a

sition, or other

brs, but not as
py introduce a
hinsulated live
ance to flame
actual service.

han the screw
cing.

b necessary to

hmps used for
fuct. Also see

the product, a

guard or shiel

0 'shall be provided to contain lamp fragments and reduce the risk of contact

with live parts

in the event of lamp breakage.

17.4 A guard, such as a lens or shield, shall not be supported by the lamp unless the guard, when
subjected to an impact as described in 17.5, is capable of retaining any broken glass.
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17.5 A lamp guard shall sustain without cracking or breaking, an impact of 1.6 foot-pound (2.1 J) from a
2 inch (50.8 mm) diameter, 1.18 pound-mass (0.53 kg) steel ball when tested as follows: The impact
energy is to be imposed on the sample by the steel ball, either falling vertically or by swinging as a
pendulum. The sample component is to be struck within 1 inch (25.4 mm) of its center. Three samples of
each component shall be tested, and a separate sample is to be used for each test.

18 Motors and Motor Overload Protection

18.1 Except as indicated in 18.9, all motors shall be protected by thermal or overcurrent protective
devices.

18.2 For a motor other than a hermetic refrigerant motor-compressor, overcurrent protection as
responsive to|motor current, and is rated or set to trip at not more than the percentagg of the motor
nameplate fullload current rating shown in column A of the following table. For an overloaf relay, where
the percentage protection indicated in column A does not correspond to the percentage Value resulting
from selectior] of a standard size of relay, the next higher size of overload relay-may be|used, but not
higher than will provide the percentage protection indicated in column B.

Maximum percentage protection

A B
Motor with a mafked service factor no less than 1.15 125 140
Motor with a mafked temperature rise no more than 40°C 125 140
(72°F)
Any other motor| 115 130

18.3 A hermgdtic refrigerant motor-compressor is considered to comply with the requirement in 18.1 if the
protection complies with (a),(b),(c) or (d).

a) A separate overload relay that isesponsive to motor-compressor current and Will trip at not
more than 140 percent of the rateddoad current of the motor-compressor marked pn the
produft nameplate.

b) A tfhermal protector intégral with the motor-compressor that:
1) Complies\with Standard for Hermetic Refrigerant Motor-Compressors, UL 984, and

2) Willtaot permit a continuous current in excess of 156 percent of the ratgd load
current’of the motor-compressor (or 156 percent of the branch-circuit-sele¢tion current if
the Jatter value is marked). However, this 156 percent limitation does not gpply to the
units described in 18.3. The values of rated load current and branch-circuif-selection
current referred to are the values marked on the product nameplate. See 52.1.

c) A fuse or circuit breaker responsive to motor current, and rated at not more than 125 percent
of the rated load current of the motor-compressor marked on the product nameplate. The
product shall start and operate normally with the fuse or circuit breaker provided.

d) A protective system that:

1) Complies with the Standard for Hermetic Refrigerant Motor-Compressors, UL 984,
and
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2) Will not permit a continuous current in excess of 156 percent of the rated load
current of the motor-compressor (or 156 percent of the branch-circuit-selection current if
the latter value is marked). However, this 156 percent limitation does not apply to the
units described in 18.3. The values of rated load current and branch-circuit-selection
current referred to are the values marked on the product nameplate. See 52.1.

18.4 For a cord-connected product or a permanently connected product marked with a single-ampere
rating, the rated-load current of the motor-compressor is the current drawn by the motor-compressor
during the Temperature and Pressure Test, Section 36.
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18.5 Hermetic refrigerant motor-compressors with thermal protective devices employed in equipment
intended for connection to a 15 or 20 ampere, 120 volt or a 15 ampere, 208 or 240 volt, single-phase
branch circuit are not required to meet the 156 percent limitation specified in (b)(2) and (d)(2) of 18.3.

18.6 All components of the "protective system” mentioned in 18.3(d), shall be provided as part of the
product.

18.7 Hermetic compressors with thermal protective devices which conform to the Standard for Hermetic
Refrigerant Motor-Compressors, UL 984, are considered to comply with this requirement provided that
under running conditions the motor-compressor enclosure does not exceed the temperature limit specified
in Table 36.1.

18.8 Therma: rJI\JtC\.’tIVU dCV;bCO UOUd vv;th IIUIIhCImCt;b III\JtUID arc tU bUIIIrJ:_y vv;th th Standard for
Overheating Hrotection for Motors, UL 2111.

Exception: Motors, such as direct-drive fan motors, which are not ordinarily subjected to pverloads and
which are determined to be protected against overheating due to locked-rotorcurrent by a thermal or
overcurrent pfotective device may be accepted under this requirement provided it is determined that the
motor will not|overheat under actual conditions of use.

18.8 revised November 24, 1998

18.9 Direct-dfive motors employing impedance protection and{which comply with the|locked-motor
requirements |specified in Overheating Protection for Motors;«UL 2111, may be used [provided it is
determined thpat the motor will not overheat under actual conditions of use.
18.9 revised November24, 1998

18.10 Three-phase motors shall be provided with overcurrent protection as follows:
a) Three overcurrent units, rated as specified in 18.2 and 18.3, shall be employed| or

b) Thermal protectors, combinatiehis of thermal protectors and overcurrent units, dr other
methqgds of protection may be-employed where the specific protective arrangement has been
investigated and found to provide protection under primary single-phase failure conditions when
supplied from transformers connected wye-delta or delta-wye. Assemblies so investigated shall
be marked as described jin 64.19.

18.11 Fuses shall not betused as motor overload protective devices unless the motor is prptected by the
largest size fuse which-€an be inserted in the fuseholder.

18.12 Overcyrrent ,protective devices and thermal protective devices for motors shal|l comply with
applicable shqrtseircuit requirements for the class of protective device and shall, in addition, comply with
the requirements of the Limited Short-Circuit Test, Section 51.

18.13 Refrigerant motor-compressors are to be constructed in accordance with the Standard for Hermetic
Refrigerant Motor-Compressors, UL 984. Other motors are to be constructed in accordance with the
Standard for Rotating Electrical Machines — General Requirements, UL 1004-1.

18.13 revised September 27, 2013
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18.14 Motors used in oxygen-administering equipment shall be totally enclosed. Motors that require oiling
shall be constructed and installed so that excessive oil cannot enter the area in which oxygen is present.
A clearance of 1/2 inch (12.7 mm) between the motor bearing and the wall through which the shaft
projects or a shaft seal at the wall opening is considered to provide the necessary protection. See 5.6.
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19 Overcurrent Protection

19.1 Overcurrent protection shall be provided by a circuit breaker(s) or fuse(s) that is intended for branch
circuit use, as a part of a product, for each receptacle or lighting circuit included in the product. Such
overcurrent protection may be omitted if, in accordance with the National Electrical Code, ANSI/NFPA
70-1990, the product can be connected to a branch circuit rated at not more than 20 amperes.

19.2 If not exempted by 19.1, a 15 ampere protective device shall be provided when a single 15 ampere
receptacle outlet is furnished. Two or more 15 ampere receptacles (two separate receptacles or a duplex
receptacle) shall be protected by either a 15 or 20 ampere protective device. A 20 ampere receptacle or

a combination 15 and 20 ampere receptacle shall be protected by a 20 ampere protective device.

19.3 A fusehetd

L 101 baoll L
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type with a factory-installed nonremovable adapter of Type S constrig
eable type.

nounted in a fuseholder marked in accordance with 66.3.1 and /a fuse that
b of a tool, shall be mounted or guarded so that no live parts will bé exposed t
rrangement shall be such that the fuse will not be positively*gripped or held
while live parts are exposed at any time during replacement.

wshell of a plug fuseholder and the accessible contact of an extractor fusel
ard the load.

ring
of fire or electric shock could occur due to failure of the bond between the

pr electric shock shall be evaluated in accordance with Printed Wiring As
be 8.1.2 and 8.1.3.

viring boards used in circuits'where failure of the bond between the conducto
not result in a risk of fire-or electric shock are considered to be acceptable

iring of components, such as resistors, capacitors, inductors, transformers, §
g board to _ferm a printed wiring assembly, and the mounting of the printed w
such that\any forces that might be exerted on the components or board du
andling of the equipment, or during use or servicing will not displace the g
hrd«soras to result in a risk of fire or electric shock.

tion or other

is accessible
b unintentional
by any part of

older shall be

conductor and

rial, printed wiring boards used in primary circuits and secondary circuits that may involve

sembly Tests,

and the base
ithout further

Ind the like, to
ring assembly
ing assembly,
omponents or

21 Receptacles

21.1 A receptacle intended for general use shall be rated 15 or 20 amperes, 125 or 250 volts and shall
be of the grounding type.

21.2 Receptacles intended to accommodate single-prong, shielded-type plugs for signal applications shall
not involve hazardous energy. See 8.1.3.

21.3 Receptacles shall be located so that liquid due to overflow, splashing, leakage, cleaning, and
defrosting will not enter the receptacle. This will require the face of the receptacle to be mounted not less
than 60 degrees above the horizontal.
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22 Switches and Controllers

22.1 Except as indicated in 22.3 and 22.4, a motor controller(s) for controlling the loads involved shall be
provided for all products incorporating:

a) Two or more motors or

b) A motor(s) and other load(s) intended for connection to the same power supply.

22.2 A motor "controller” is defined as any switch or device normally used to start and stop a motor.

22.3 The attachment plug and receptacle may serve as the controller on a cord-connected product if the

Ll 29 1 £

cated.

marked ampe

' ol + At 1 [ H - +ho. 1 H
Craltnty UUTO TIUL TALTTU UTTC VAIUT O oSTTUWIT T TAVIC . L TUT UTC VUTLAayt© 1t

Table 22.1
Ampere rating

Amperes Voltage
7.2 115
4.0 208
3.6 230

22.4 A contro
a) Tw
b) A

proteq
at 60(

(hp) (

22.5 Except g
installed on a

22.6 Onaco

ler is not required for any supply circuit of a permanently connected product v

0 or more motors or

volts or less, and if the rating ©f any motor in the circuit does not exceed
46 W) and 6 full load amperes:

s specified by 22.3, a manually operable switch which has a marked OFF pg
cord connected product for shutting off the assembly.

hermetic refri
least 115 per

a) Th

b) Th

ent of the~sum of:

motor-compressor’s rated load current and

hich supplies:

motor(s) and other load(s) if the marked maximum size of the supply circjiit overcurrent
tion device for that circuit does notye€xceed 20 amperes at 125 volts or less ¢r 15 amperes

1 horsepower

sition shall be

d-connected product, a manually operated switch with a marked off position fhat controls a
erant motorscompressor with or without other loads shall have a current rating that is at

22.7 A switch or other control device shall be rated for the load which it controls as determined by the
Temperature and Pressure Test, Section 36, and the Heating Test, Section 37.

22.8 If a branch-circuit selection current value is marked on a permanently connected product, a
controller for a hermetic refrigerant motor-compressor shall have a full-load current rating not less than
this marked value plus any additional loads controlled.
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22.9 On a permanently connected product, a manually operated switch with a marked off position that

controls a hermetic refrigerant motor-compressor with or without other loads shall have a
that is at least 115 percent of the sum of:

a) The motor-compressor’'s rated load current or branch-circuit selection current
greater, and

b) The rated current for other controlled loads, as shown on the product nameplat

current rating

, whichever is

e. See 18.4.

22.10 A switch provided for the control of an inductive load, such as a transformer or an
electric-discharge lamp ballast, shall have a current rating of not less than twice the total marked current

ratings of the transformer, ballast, or other equipment which it controls.

22.11 A switgh which controls a medium-base lampholder of other than a pilot or indicatin
rated for use yvith tungsten filament lamps.

22.12 A switgh is acceptable for use with tungsten filament lamp loads if it has.a’T or L

the tungsten filament lamp load. A general-use alternating current snap switch, a circuit
nonautomatic [circuit interrupter are considered acceptable for controlling tingsten filament
full ampacity. A switch having an alternating current ampacity of six times_or more of the tun
lamp load is dlso acceptable for use with the tungsten filament lamp load without additiong

22.13 A switghing device which may be called upon to break amotor load under locked-r
shall have a qurrent interrupting capacity not less than the locked-rotor current of the motg

22.14 If a switching device controls a compressor motorand fan motor and/or other load,
r and/or other load.

22.15 Motor ¢ontrollers shall be arranged so.that they will simultaneously open a suffici
ungrounded cpnductors to interrupt currentiflow to the motor.

22.16 Coil windings of switching devices shall be impregnated, dipped, varnished, or othen
resist absorption of moisture.

22.17 Switching devices shall be housed within an enclosure which will protect coils and cd
mechanical d@gmage, dirtg.and moisture. The enclosure of the switching device may be ¢
method of molinting within-the product enclosure, by inherent construction of the componen
of a separate [enclosure.

y light shall be

ating equal to
breaker, or a
lamps at their
gsten filament
| test.

btor conditions
r.

it shall have a

ting capacity not less than the locked-rotor load of the compressor motor pliis the full load

ent number of

vise treated to

ntacts against
rovided by its
[, or by means

23 Transformgrs

23.1 Construction

23.1.1 The caoils of a transformer shall be impregnated or otherwise treated to resist absorption of water.

23.1.2 Transformers having separate windings shall be constructed to prevent any electrical connections,
under normal and overload conditions, between primary and secondary windings or between separate
adjacent secondary windings if such connection would result in an electric shock or risk of fire.
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23.2 Patient care equipment

23.2.1 In determining compliance with 23.1.2, one or more of the following methods shall be used, and
the product shall also comply with the tests outlined in 55.2.1 — 55.2.8.

a) Windings wound on separate bobbins of functional insulating material on separate legs of the
core of the transformer.

b) Primary and secondary windings, or adjacent secondary windings, wound on one length of
functionally insulated core (both coils on the core, not concentric) if the two windings are
separated end to end by electrical insulating material (reinforced or double insulation is required
if one winding is connected to a patient circuit).

c) Cdgncentrically wound primary and secondary windings, or adjacent secondlary windings
thermplly protected and separated by a grounded copper shield at least 0,005 ingh (0.127 mm)
thick, pr equivalent, which completely isolates the adjacent windings, adjacent/splices, or both and
crossover leads if present.

d) Cqgncentrically wound primary and secondary windings or,_adjacent secon@lary windings
separgted by either two layers of mica or other insulating material of equivalent resistance to
ignitioh, 0.007 inch (0.178 mm) thick (total) or three layers of sheet insulating matefial, any two of
which|shall withstand the Dielectric Voltage Withstand TeSt,"Section 38, for reinfofced insulation
and pfotected by means of a thermally sensitive device ‘The sheet insulating materjal should also
provide protection for the splices and crossover leadshif present.

e) Other constructions that examination and tests“show are equivalent to those sgecified in (a) -

(d).

23.2.2 Thermpl protection, where required in 2332.1(c) or (d), is to be such that the temperature of the
insulating maferial used to separate the primary and secondary or adjacent secondary windings from
grounded mefal or each other cannot exceed the values specified in 55.1.1 during performance of the
overload and ghort circuit tests described\in 55.2.1 — 55.2.8.

23.3 Nonpati¢nt equipment
23.3.1 In detgrmining compliance with 23.1.2, any of the methods described in 23.2.1 shal| be used, and
the product shall also comply with the tests outlined in 55.2.1 - 55.2.8 except that therma) protectors or
double or reinforced insylation is not required.

24 Valves anfl Selenoids

24.1 The coil of an electrically operated valve or solenoid shall not overheat when the product is
subjected to the Temperature and Pressure Test, Section 36, and the Heating Test, Section 37.

24.2 An electrically operated valve or solenoid shall comply with the requirements of the Burnout Tests —
Components, Section 47.

24.3 If a valve must be cleaned periodically, the arrangement shall permit this operation to be performed
without damage to the electrical parts of the valve or wiring.

23.4 Coll windings of electrically operated valves or solenoids shall be impregnated, dipped, varnished,
or otherwise treated to resist absorption of moisture.
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25 Spacings
25.1 High-voltage circuits

25.1.1 A high-voltage circuit is one involving a potential of not more than 600 volts and having circuit
characteristics in excess of those of a low-voltage circuit as defined in 25.4.1.

25.1.1 revised May 15, 1996

25.1.2 Unless specifically noted otherwise, the spacings between uninsulated live parts of opposite
polarity and between an uninsulated live part and a dead-metal part shall be not less than the values
indicated in Table 25.1.

25.1.2 revised May 15, 1996

25.1.3 The s;lyacings indicated in Table 25.2 are applicable to electrical components 'moynted in totally
enclosed compartments that are nonrefrigerated, nonair-handling, or both, and that'are frgde of moisture,
including that|caused by condensation. At wiring terminals and for circuits over(250 voltg or over 2000
volt-amperes spacings in Table 25.1 apply.

25.1.3 revised May 15, 1996

Table 25.1
Electrical spacings in refrigerated and/or air-handlingi.compartments

Table 25.1 revised May 15, 1996

Minimum spacing

Ratings Through air & Over surface & T¢ enclosure ©

Volt-ampgres Volts inches (mm) inches (mm) incheg (mm)
2000 or Ipss 300 or less 1/go 3.2) 1/4 (6.4) 1k (6.4)
2000 or Ipss 301 - 600 3/8 (9.5) 1/2 (12.7) 1/p (12.7)
More than 2000 150 or less 1/gP (3.2) 1/4 (6.4) 1/p (12.7)
151 — 300 1/4 (6.4) 3/8 (9.5) 1/p (12.7)
301 - 600 3/8 (9.5) 1/2 (12.7) 1/p (12.7)

a At points othef than field-wiring terminals,*the spacings for heater elements only may be as indicated below pfovided the
elements are nof subject to moisture,(such as may result from condensation on cooled surfaces:

1/16 ipch (1.6 mm) Through air and Over surface for heaters rated 0 — 300 volts.

1/4 ingh (6.4 mm) Though air and Over surface for heaters rated 301 — 600 volts.

b The spacings petween wiring terminals of opposite polarity or between a wiring terminal and ground shall be not less than 1/4
inch (6.4 mm), except that if short-circuiting or grounding of such terminals will not result from projecting strands of wire,
spacing need not be greater than that given in the above Table. Wiring terminals are those connected in the field and not
factory wired.

€ Includes fittings for conduit or metal-clad cable.
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25.1.4 The "Through Air" and "Over Surface"” spacings given in Tables 25.1 and 25.2 at an individual
component part are based on the total volt-ampere (VA) consumption of the load or loads which the
component controls. For example, spacings at a component which controls only the compressor motor are
based on the VA of the compressor motor. The spacings at a component which controls loads in addition
to the compressor motor are based on the sum of the volt-amperes of the loads so controlled, except that
spacings at a component which independently controls separate loads are based on the volt-amperes of
the larger load. The volt-ampere values for the loads referred to above are to be determined by the
marked rating of the loads, except that for loads which are not required to have a marked rating, the
measured inputs is to be used in determining the volt-ampere values.

25.1.4 revised May 15, 1996

Table 25.2
Spacings N nonretrigerated and/or nonalir handling compartments

Table 25.2 revised May 15, 1996

R4tings Minimum spacing
Through air Over surface To efclosure &
Volt-amperes Volts inches (mm) inches (mm) inches (mm)
0 — 2000 0-125 1/16 (1.6) 1/16 (2+6) 1/4 (6.4)
126 — 250 3/32 (2.4) 3/32 (2.4) 1/4 (6.4)

NOTE — See 25|
2 Includes fitting

1.3.
s for conduit or metal-clad cable.

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

25.1.5 revjsed May 15, 1996

25.1.6 With r
individual enc

pference to 25.1.2 and 25.1.4,(the To Enclosure spacings are not to be
osure of a component part within an outer enclosure or cabinet.

25.1.6 revised May 15, 1996

applied to an

25.1.7 The sf

acings requirements\specified in 25.1.1 — 25.1.6 do not apply to the inherent

component part of the product, such as a hermetic motor-compressor, motor, snap swi

attachment pl
See 2.1.1. H(
complete prod

ig, or the like, fof which spacing requirements are given in a standard for th
wever, thetelectrical clearance resulting from the assembly of the compo
uct, including clearance to dead metal or enclosures, shall be those indicate]

25.1.7 revised May 15, 1996

spacings of a
ch, controller,
e component.
hents into the
d.

25.1.8 If high

rthan rated pnfnntial IS rln\/nlnpnd ina-motor circuit throt |gh the use of capac

tors, the rated

voltage of the

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

Exception: If the developed steady-state potential as determined in the Temperature and Pressure Test,
Section 36, and Heating Test, Section 37, exceeds 500 volts, the developed potential is to be used in
determining the spacings for the parts affected.

25.1.8 revised May 15, 1996
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25.1.9 An insulating lining or barrier of fiber or similar material, employed where spacings would
otherwise be less than the required values, shall be no less than 0.028 inch (0.7 mm) in thickness and
shall be so located or of such material that it will not be adversely affected by arcing.

Exception No. 1: Fiber no less than 0.013 inch (0.3 mm) thick may be used in conjunction with an air
spacing of no less than 50 percent of the spacing required for air alone.

Exception No. 2: Material having a lesser thickness may be used if it has equivalent insulating,

mechanical, and flammability properties when compared with material in thicknesses specified above.

25.1.9 revised May 15, 1996

25.1.10 The spacing between uninsulated live terminals of the components in an electric-discharge lamp

circuit and a
volts or less a

25.2.1 Deletq
25.3 Patient-q

25.3.1 The sq
from different

25.4 Low-volf]

25.4.1 A low-
volts peak or
of transformer
Class 2 transf

25.4.2 A circ
resistance in s
to be a low-va

25.4.3 The sy
a pressure-lim
grounded circ

ead metal part or enclosure snall be not 1ess than 17Z inch (12.7 mm) 1f the.p
nd not less than 3/4 inch (19.1 mm) if the potential is 601 — 1000 volts.

25.1.10 added May 15, 1996
d May 15, 1996
onnected circuits

acings between uninsulated parts of patient-connecte@ccircuits and adjacent g
sources shall be 1-1/2 times the spacings specifiechin 25.1.2 and Table 25.

age circuits

Voltage circuit is one involving a potentiakof not more than 30 volts alternatin
Hirect current, and supplied by a standard Class 2 transformer or by a suitab
and fixed impedance having output.€haracteristics in compliance with those
prmer.

25(4,1 added May 15, 1996
Uit derived from a source of supply classified as a high-voltage circuit,

ltage circuit.
25.4.2 added May 15, 1996

acings forlow-voltage electrical components which are installed in a circuit
iting device, motor overload protective device, or other protective device, wh
it may result in unsafe operation of the equipment shall comply with the foll

otential is 600

ircuits derived
1. See 11.1.2.

) current, 42.4
e combination
required for a

Dy connecting

eries with the supply:circuit as a means of limiting the voltage and current, is fot considered

vhich includes
ere a short or
bwing:

a) The spacing between an uninsulated live part and the wall of a metal enclosure, including
fittings for the connection of conduit or metal-clad cable, shall be 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 deal metal part, including the enclosure and fittings for the connection of conduit, which may
be grounded when the device is installed, shall be not less than 1/4 inch (6.4 mm).

c) The spacing between uninsulated live parts, regardless of polarity, and between an
uninsulated live part and a dead metal part, other than the enclosure, which may be grounded
when the device in 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.

25.4.3 added May 15, 1996
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25.4.4 The spacings in low-voltage circuits which do not contain devices such as indicated in the previous
paragraph are not specified.

25.4.4 added May 15, 1996

REFRIGERATION SYSTEM

26 Refrigerant

26.1 The kind of refrigerant employed in the system shall comply with the Standard for Refrigerants, UL

2182.

26.2 Deleted
27 Refrigerar

27.1 Copper
thickness not

Exception: d
shall have a

27.2 Tubing
dipped, coate|
material is no

27.3 Tubing
afforded by i
Components,

27.4 Special
wall thickness
when judging

a) Re

26.1 revised November 3, 1997

February 22, 1994
t Tubing and Fittings

or steel tubing used to connect refrigerant-containing compenents shal
ess than indicated in Table 27.1.

apillary tubing which is protected against mechanical damage by the cabiné
all thickness not less than 0.020 inch (0.51 mm).

bhall be constructed of corrosion resistant material, such as copper, or sh
d, or otherwise treated to resist external certesion. Aluminum may be ug
subject to galvanic corrosion.

forming part of components, such as‘evaporators or condensers, where
hherent construction shall be judgéd by the Strength Tests — Pressu
Section 57.

27:3(revised February 22, 1994

plloys or constructions uséd in refrigerant-containing components, including
less than indicated in 27.1, may be acceptable. Among the factors taken intg
the acceptability are-its:

sistance to.mechanical abuse,

b) St

c) R

ength.against internal pressure,

have a wall

bt or assembly

all be plated,
ed where the

protection is
e Containing

tubing with a
consideration

istance to corrosion,
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d) Protection against refrigerant contamination, and

e) Conformity with requirements of safety codes, such as the Safety Code for Mechanical
Refrigeration, ANSI/ASHRAE 15-89, as compared to tubing of the minimum wall thickness
indicated in Table 27.1.

Table 27.1
Minimum wall thickness for copper and steel tubing

Copper
Outside diameter Protected within product Unprotected Steel
inches (mm) inches (mm) inches (mm) inches (mm)

1/4 (6.4) 0.0245 (0.622) 0.0265 (0.673) 0.025 (0.64)

5/16 (7.9) 0.0245 (0.622) 0.0285 (0.724) 0.025 (0.64)

3/8 (9.5) 0.0245 (0.622) 0.0285 (0.724) 0.025 (0.64)

1/2 (12.7) 0.0245 (0.800) 0.0285 (0.724) 0.025 (0.64)

5/8 (15.9) 0.0315 (0.800) 0.0315 (0.800) 0.032 (0.81)

3/4 (19.1) 0.0315 (0.799) 0.0385 (0.978) 0.032 (0.81)

718 (22.2) 0.0410 (1.041) 0.0410 (1.641) 0.046 (1.17)

1 (25.4) 0.0460 (1.168) 0.0460 (1+468) - -
NOTE — Nomingl wall thickness of tubing will have to be greater than the thickngéss)indicated to maintain the mihimum wall
thickness.

27.5 Tubing qonnections shall be made by means of flare-type fittings with steel or forged jprass nuts, by
soldering or brazing, or by equivalent means. Flarestype fittings shall conform to the| Standard for

Refrigeration
28 Refrigerar

28.1 The part
indicated in th

28.2 The part
material, such
external corro

[ube Fittings, ANSI/SAE J513F-JUN9Q:
t-Containing Parts

5 of a product subjected to refrigerant pressure shall withstand, without failure
e Strength Tests - Pressure Containing Components.

s of a product subjected to refrigerant pressure shall be constructed of corr

sion.

28.3 Pressur¢ vessels)@as referred to in this Standard, are any refrigerant-containing p3g

compressor; g

ontrols,-evaporators, each separate section of which does not exceed 1/2 ¢

, the pressure

bsion resistant

as copper or stainless steel, or shall be plated, dipped, coated, to otherwise tieated to resist

rts other than
Libic foot (0.01
pe fittings.

m3) of refrigerlant containing volume evaporator and condenser coils; headers; pipe; and p

28.4 Pressure vessels over 6 inches (152 mm) inside diameter shall be designed, tested, and stamped
in accordance with the ASME Boiler and Pressure Vessel Code, Section VIII, for a working pressure in

compliance wi

th the performance requirements of this Standard.

28.5 Pressure vessels bearing the ASME Code "U" symbol complying with 28.4 are considered
acceptable without tests.

28.6 Pressure vessels bearing the ASME Code "UM" symbol are to be tested to determine compliance
with the Strength Tests - Pressure Containing Components requirements. The manufacturer is to submit
evidence of compliance of these vessels with the ASME Boiler and Pressure Vessel Code, Section VIII.
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29 Pressure Limiting Device

29.1 A pressure limiting device designed to automatically stop the operation of the compressor shall be
installed on all products with a system containing more than 22 pounds-mass (10 kg) of refrigerant.

29.1 revised June 24, 1997

29.2 The adjustable cutout pressure setting of a pressure-limiting device shall not exceed one-third of the
ultimate strength of high-side refrigerant-containing parts, provided this setting does not exceed 90

percent of the

29.3 Deleted

29.4 There silall be no stop valves between the pressure-limiting device and the compres

30 Pressure
30.1 General
30.1.1 A prod

relieved. Pres
this purpose.

30.1.2 A preq
excessive pre

30.1.3 A prod
cubic feet (0.4

30.1.4 A prod
(0.28 m3) inte

30.1.5 There
system proteg

30.1.6 All preg

setting of the pressure-relief device.
29.2 revised June 24, 1997

June 24, 1997

29.4 revised June 24, 1997

Relief

uct shall be constructed so that pressure due to fire;;0r other abnormal con
sure relief devices, fusible plugs, soldered joints, Op special terminals may bg
See 30.4.1.

30.1.1 revised June 24,1997

sure relief device is a pressure-actuated valve or rupture member desig
Ssures automatically.

uct with a pressure vessel ovef.3 inches (76.2 mm) inside diameter, but ng
8 m3) internal gross volumejishall be protected by a pressure relief device ¢

uct with a pressure vessel exceeding 3 cubic feet (0.08 m3), but less than
'nal gross volume, shall be protected by a pressure relief device.

shall be no stap)valve between the pressure relief means and the parts or
ted.

30.1.5 revised June 24, 1997

ditions, will be
employed for

hed to relieve
t exceeding 3
r fusible plug.

10 cubic feet

section of the

ssure-relief devices shall be connected as close as practicable or directly tg

vessel or par

the pressure

[s-of the system protected. They shall be connected above the liquid refrigerant level,

installed so that they are readily accessible for inspection and repair, and arranged so that they cannot
readily be rendered inoperative.

30.1.6 revised June 24, 1997

30.1.7 Fusible plugs may be located above or below the liquid refrigerant level.
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30.2 Required discharge capacity
30.2.1 Deleted June 24, 1997

30.3 Relief valves

30.3.1 Pressure relief valves shall comply with the requirements of the ASME Boiler and Pressure Vessel
Code, Section VIII. Valves of 1/2 inch [0.840 inches (21.3 mm) outside diameter] iron pipe size (ips) and
larger shall bear the authorized Code "UV" symbol together with the set pressure and capacity. Valves of

less than 1/2 i

nch ips shall be similarly marked, except that where the size does not permit a nameplate,

the code symbol may be omitted and the set pressure and capacity may be stamped on the valve or on

a metal plate

evidence of ce

30.3.2 Pressl
working press
pressure vesg

30.3.3 Them
specified in 3(

ol shall provide

attached to it. Manufacturers of valves which do not bear the code symb
ffteatt e S i i authorities.

re relief valves shall be sealed at a start-to-discharge pressure not exceeding the marked
ure of the pressure vessel protected or not exceeding one-fifth of thelultimate strength of
els which do not have a marked working pressure.

arked discharge capacity shall be not less than the minimum réquired dischar
4.1,

e capacity as

30.3.3 revised June 24, 1997
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30.4 Fusible plugs or rupture members

30.4.1 Calculation of the minimum required discharge capacity and the rated discharge capacity of a
rupture member or fusible plug shall be in accordance with the Safety Code for Mechanical Refrigeration,
ANSI/ASHRAE 15-1994.

Revised 30.4.1 effective June 24, 1998

30.4.2 Fusible plugs shall be stamped with the relief temperature.

30.4.3 Rupture members shall be stamped with the minimum and maximum bursting pressures.

30.4.4 Fusible plugs and rupture members, shall comply with performance requirements for such devices

as contained j
207.

PERFORMAN

31 Instrumen

31.1 Tempergture measurements

31.1.1 Tempd
may be used
to consist of
requirements
Standard Sp
Thermocouple

31.1.2 A ther
thermal contal
thermal conta
surface is invq

31.1.3 Therm
type of indical
thermocouple

ling instrunient shall be used whenever referee temperature measurements

-l = ! (e Eerariges — et o - A : At
UIE otaliudiu 101 Reyerartc=curmairnmy CUTTIPUTICTIL altu ALLESSUTIES, 1NU

30.4.4 revised March 16, 2010
CE

ation

ratures are to be measured by thermocouples, except that the change-in-resis

24 — 30 AWG (0.21 — 0.05 mm?) wires..The thermocouple wire is to ¢
specified in the Tolerances on Initial \(alues of EMF versus Temperature
ecification and Temperature-Electtomotive Force (emf) Tables for
s, ANSI/ASTM E230/E230M.

31.1.1 revised March 16, 2010

mocouple junction and adjacéent thermocouple lead wire are to be securely h
ct with the surface of the ynaterial whose temperature is being measured.

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

pbcouples consisting of 30 AWG (0.05 mm?) iron and constantan wires and a

b are necessary.
31.1.3 revised March 16, 2010

1electrical, UL

stance method

0 measure the temperature of motor windings .orof coils. See 36.4. The thermocouples are

bnform to the
tables in the
Standardized

eld in positive
n most cases
where a metal

potentiometer
by means of
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31.2 Pressure measurements

31.2.1 Pressure gauges are to be attached in such a manner as to prevent leakage. Special fittings for
direct connection to the system or minimum lengths of 1/8 inch (3.2 mm) outside diameter commercial
capillary tubing may be employed for gauge connections. The volume of the pressure-measuring gauge
and lines is to be held to a minimum. All joints in the gauge system are to be tested for leakage.

31.2.2 Opening of the gauge line valves shall not cause a significant change in the electrical input of the
system. High-side gauges and lines may be heated above the saturation temperature corresponding to
the expected pressure or may be precharged with a liquid refrigerant of the same type as used in the
system to minimize the effect of opening the gauge line valves.

32 Test Voltage

32.1 Unless ¢therwise specified, products are to be tested at the following 60 hértz" (Hz)2 potentials
maintained at|the product supply connections:

Nameplate voltage rating Test voltage P
110 to 120 120
208 208
220 to 240 240
254 to 277 277
440 to 480 480
550 to 600 600
@ Products rafed at frequencies other then 60 Hz are to be tested-at-their rated voltages and frequencies.
b These voltgges are nominal for the condenser fan motor failure*test, and condenser water failure test.

33 Leakage CQurrent Test
33.1 General

32.1.1 All profucts shall be investigated for leakage current. Each product shall comply, depending upon
its intended uge, with 33.4.1 (patient care equipment) or 33.6.1 (honpatient equipment).
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33.2 Permanently connected equipment

33.2.1 Leakage current measurements in accordance with 33.7.1.1 — 33.7.3.2 normally are not made
between the equipment frame and ground on equipment intended for permanent connection to the supply,
provided all accessible metal parts that are likely to become energized (except electrodes, probes, and
the like) are reliably connected to the equipment grounding means. However, measurements are to be
made between accessible ungrounded parts (such as patient-connected electrodes, probes, and the like)
and between such parts and ground in the manner described in 33.7.1.1 — 33.7.3.2.

Exception: The total impedance of capacitors and other electronic components connected from one or
more sides of the line to the frame or enclosure of a permanently connected appliance shall be large
enough to prevent the flow of more than 0.5 milliampere of leakage current measured through a 1000 ohm
resistance in fhe-grountdirg-conductorfor-frequencies-tpto-ana-retadingtkitohertz—(Hz-and equivalent
values at higHer frequencies with a restriction of 10 milliamperes. Also see 33.5.1.

33.3 Cord-cohnected equipment
33.3.1 All acgessible parts of a cord-connected product are to be tested for leakage current between the
parts and between the parts and ground. The measurements are to be made’in the manngr described in
33.7.1.1 — 33)7.3.2.

33.4 Patient ¢are equipment

33.4.1 When ja patient care product is tested in the manner described in 33.7.1.1 — 33.7.3.2 the available
leakage currents shall not exceed the values in Table 33.1.

Table\33.1
Patient care equipment maximumglgakage current (microamperes)

Patient connection &
solated 4 Ordinary € Enclosure or chagsis 2:Cf
AC AC AC
RMS DC RMS DC RMS DC
10 14 50 70 100 140

@ Measured betlveen patient leatls (applied part) or between patient leads and ground. Value indicated is accepftable for each
particular body function or paramieter measured or monitored.

b Metal enclosufe or metalfoil over insulating material, per 33.7.1.3.
€ See 3.5.
de see 3.15.

f ithly £ d 33.7.1.2¢ 9.33f jate-pl )
Measured withlessef ground-per33.7-1-2(see-9-3-3-for-approprate-plug-cap)-
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33.4.2 The alternating current values in Table 33.1 are based on data obtained with 60 Hz sinusoidal
voltages and apply for frequencies up to 1 kHz. For frequencies above 1 kHz the acceptable levels of
leakage current are equal to the values indicated in Table 33.1 times the frequency in kHz up to a
maximum multiplier of 100. See Figure 33.1.

33.5 Isolated patient connections

33.5.1 When equipment having an isolated patient connection is subjected to the outlined in 33.6.1, the
available current shall not exceed 20 microamperes when measure at the patient end of the connecting
cables.

Exception: When equipment having isolated patient connection terminals but no cables is subjected to

H P2 BT e Lo M Al | L okl “ ball o 10 nal PR DALIC
the test Outlln LU T OV. V. L, tIIC AVAIIAaAoIc UUIIUIIt Krran IIUt CALCTU LU TINTCTUAITIITCTT O TXIVIOD TV en measured

at the termindls.

33.5.2 A 120|volt, 60 Hz potential shall be applied between each isolated patient-comrnectipn and ground
in series with fhe measurement circuit (100 ohm resistor and meter) described in 33.7.2.1.|This test shall
be conducted|with the appliance on and operating and also with the appliance off but copnected to the
supply circuit.|The test shall be completed with the polarity of the supply.canriections revefsed.
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Figure 33.1
Input circuit

Figure 33.1 revised November 24, 1998

0.1omtd

1000

ahms 0.0

ohms

INPUT CIRCUIT
SA1116

In the type testind of\equipment, detailed measurements of leakage currents at all frequencies are necessary. Howgver, to evaluated
currents at frequencies over 1 kilohertz it is sometimes desirable to use an approximation during routine equipment testing.

The measurement circuit described in 33.7.2.1 would be employed in recording the actual leakage current determinations in 33.7.1.1
— 33.7.3.2. However, for a rapid approximate evaluation, an appropriate meter input circuit may be employed having an
impedance-frequency characteristic that approximates the inverse of the allowable leakage current versus frequency relationships
described in 33.4.2 and automatically provides the appropriate multiplying factor for frequencies greater than 1 kilohertz.

A sample input circuit is shown which would be applicable to measurements usually made. The 1000 ohm resistor shown is the
same test load as noted in 33.7.2.1. A series resistor-capacitor combination is placed in parallel with the 1000 ohm resistor across
the meter input terminals.
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33.6 Nonpatient equipment

33.6.1 When a nonpatient product is tested in the manner described in 33.7.1.1 — 33.7.1.5, 33.7.3.1 and
33.7.3.2, and if the open circuit voltage between the parts in question exceeds 42.4 volts peak (30 volts
RMS if the waveform is sinusoidal) the available leakage currents shall not exceed the values in Table
33.2.
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Table 33.2
Nonpatient equipment maximum leakage current (microamperes)

Enclosure or chassis

AC
RMS DC
500 700

NOTES -

2 Measured with

1 Metal enclosure or metal foil over insulating material as per 33.7.1.3.

loss of ground per 33.7.1.2.

33.7 Test methods

33.7.1 Gener

33.7.1.1 Priof

be analyzed and a preliminary review made by oscilloscope to determine the.nature of

currents. The
sinusoidal cy
direct-current
evaluation wit
conductor (ne

33.7.1.2 Inm
likely to incred

a) Th

b) Th
applia

33.7.1.3 Ifan
to be measur
accessible su
than 10 by 20
be tested indi

guarded by an enclosuretas*defined in 6.3.1 — 6.3.4.

33.7.1.4 A sa
follows:

il
to making the measurements outlined in 33.7.1.2 — 33.7.3.2, the appliance
Mmeasurements circuits described in 33.7.2.1 and 33.7.3.1 are to be employed
rrents. An appropriate direct-current meter is to be employed for the
5. Complex wave shapes, pulses, etc., are to be thelsubject of furthe

Litral), is used as the ground reference point. See Figure 33.2.

bking the measurements outlined in 33.1.1 and 33.7.1.4, the following single f
se the leakage current are to be introduced:

E loss of ground in a cord-connected appliance.

P loss of either functional insulation or of supplementary insulation in a dg
nce.

insulating material is used-\for the enclosure or part of the enclosure, the leal
ed using a metal foil .with an area not exceeding 10 by 20 centimeters i
faces of the insulating material. Where the accessible surface of insulating 1
centimeters the.metal foil shall be the same size as the surface. The access
idually, collectively, and from one part to another. Parts are considered acc

mple of.the product is to be prepared and conditioned for leakage current mg

circuits are to
the available
for essentially
recording of
oscilloscope

N respect to the intent of these requirements. For test’ purposes only, the grounded supply

ault conditions

uble-insulated

age current is
N contact with
haterial is less
ble parts shall
essible unless

asurement as

a) The sample is to be representative of the wiring methods, routing, components, component
location, installation, etc., of the production equipment.

b) The grounding conductor is to be open at the attachment-plug cap and the test product
isolated from ground.

c) The sample is to be conditioned in an ambient temperature of 32 +2°C (89.6 +3.6°F) and
approximately 88 £5 percent relative humidity for not less than 48 hours.
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d) The test is to be conducted at the ambient conditions specified by (c).
e) The supply voltage is to be adjusted to that specified in 32.1.

f) A product, such as a hypo- or hyper-thermia machine, is to be filled with a liquid if needed to
operate normally.
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Figure 33.2
Leakage-current measurement circuit
Figure 33.2 revised November 24, 1998

Y —————-——C - B
’ E-i‘/? i-isz T APPLI- [ &5==r=r1%
120V P : @_ aE ANCE R iz
s1 ""J/l _I ! OR METER
. A e S - - — - ) z
E ]
S3 / INSULATING
TABLE
GROUNDED SUPPLY CONDUCTOR <
TWO OR THREE WIRE 120 VOLT APPLIANCE A
240V - ANCE | ~Tg [i HI-Z
120V OR|$ METER
P "3 A z1®
S3 INSULATING
TABLE
GROUNDED SUPPLY CONDUTOR ' >
TWO OR THREE WIRE 240 VOLT APPLIANCE A
SA0667 (THIRD WIRE FOR GROUNDING—-NOT NEUTRAL)
Notes:

A — Separated and used as clip when measuring voltages (currents) from one part of appliance (including patient leads, probes, etc.)

to another.

B — Probe with shielded lead.
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33.7.1.5 During any of the tests, if the compressor stalls during positioning of switch S2, the test is to be
conducted in its entirety in one polarity. The polarity is then to be reversed and the test repeated.
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33.7.1.6 The test sequence with reference to the measurement circuit in Figure 33.2 shall be as follows:

a) No

npatient equipment is tested in accordance with (1), (2), and (3) below,

b) Patient care equipment is tested in accordance with (2) and (3).

1) With switch S1 open, the appliance shall be connected to the measurement circuit.

Leakage current shall be determined using both positions of switch S2, with

the appliance

switching devices and variable controls in all their normal operating positions, and with

switch S3 in both the open and closed positions.

2) With switch S1 closed to energize the appliance, leakage current shall be determined

33.7.2 Patien
33.7.2.1 The
a) Nd
the pr

sourc

b) Th
overa

H batk M £ dalk C9 skl L dalas £l H
UOIIIU Ul PUDILIUIIO Ul OVWILUTT I, VVILIT UiIc (Z'JHIIU.II\.:C DVVIL\;IIIIIU UCVIUT J
controls in all their normal operating positions, and with switch S3 in both
closed positions.

3) Leakage current shall be monitored at sufficient intervals tordetermine
leakage current from the time of the previous measurement to the condition
the normal temperature test would be terminated. Both pesitions of switg
used in determining this measurement.

care equipment
measurement circuit for leakage current on patient care equipment is to be 3
rmally the measuring circuit is to have a-eSsistive input impedance (R) of 10
eliminary analysis and review mentioned in 33.7.1.1, product circuit is found

e impedance, it will be evaluated using*a 500 ohm resistance.

E meter is to be average-responding and indicate RMS value of a pure sine V
| measuring circuit error of Aot more than 5 percent at indications of 10, 50,

micro

¢) Unless the measuring circuit is being used to measure leakage current from g
applignce to another,_the resistor and meter are to be connected between the ag
and the grounded.supply conductor.

d) The supply-voltage is to be adjusted to the test voltage as specified in 32.1.

33.7.3 Nonpatient equipment

and variable
the open and

the maximum
s under which
h S2 shall be

s follows:
DO ohms. If, in

to have a low

vave within an
100, and 500

mperes (10, 50, 100 apndh500 millivolts, respectively, when using a 1000 ofm resistor) at
frequencies from 10 Hz to 100-kHz.

ne part of the
cessible parts

33.7.3.1 The measurement circuit for leakage current from nonpatient equipment is to be as follows. The
measurement instrument is defined in (a) — (c). The meter which is actually used for a measurement need
only indicate the same numerical value for a particular measurement as would the defined instrument. The
meter used need not have all of the attributes of the defined instrument.

a) The measuring circuit is to have an input impedance (Z) of 1500 ohms resistive shunted by a
capacitance of 0.15 microfarad.

b) The meter is to indicate 1.11 times the average of the full-wave rectified composite wave-form
of voltage across the resistor or current through the resistor.
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c) Over a frequency range of 0 — 100 kHz, the measurement circuitry is to have a frequency
response (ratio of indicated to actual value of current) that is equal to the ratio of the impedance
of a 1500 ohm resistor shunted by a 0.15 microfarad capacitor to 1500 ohms. At an indication of
0.5 milliampere the measurement is to have an error of not more than 5 percent at any frequency

within

the range of 0 — 100 kHz.

d) Unless the measuring circuit is being used to measure leakage current from one part of the
appliance to another, the impedance and meter are to be connected between the accessible parts
and the grounded supply conductor.

e) Th

33.7.3.2 Gen

e supply voltage is to be adjusted to the test voltage as specified in 32.1.

employed in
voltage is sind

34 Input Test|

34.1 The megsured ampere input to a cord connected product shall not éxeeed the total

on the produd
Pressure Test

34.2 The me
exceed the in
by more than
Test.

34.3 With ref
the marking d
ampere convg

a) By
recep

b) By,
ampe

35 Starting T

35.1 A produ

§

4I(1:=_y, A PCG:\ |Cad;||g V\J:thtUI hav;u\:j art ;Ilput ;Illpcdallbc Uf 1 mUUUhIII A4} \\:
measuring the open circuit voltage between the parts in question. Howey
soidal, the peak voltage can be computed from the RMS or average value.

t nameplate by more than 10 percent when tested as described in the Te
and the Heating Test.

sured ampere input to a permanently connectedproduct during a normal

ividual rating of each load or group of loads or thie total rating as marked on
L0 percent when tested as described in the Temperature and Pressure Test a
brence to 34.1 and 34.2, the power @nput of all accessories is to be conside

nience outlets as follows:

80 percent of the receptacle rating if the product incorporates only one 15
acle.

100 percent of the“receptacle rating if the product incorporates more than
e receptacle.

pSt

t shall start and operate as intended without rupturing a line fuse of the size 1

product.

reater is to be
er, where the

rating marked

nperature and

tycle shall not
the nameplate
hd the Heating

red in judging

f the product. The measured ampere input is to be increased for accessiple 15 and 20

or 20 ampere

one 15 or 20

equired by the

35.2 A product is to be operated under the conditions described in the Temperature and Pressure Test
and the Heating Test with four fuses connected in series.

35.3 For cord connected products, the fuse rating is determined by the rating of the attachment plug. For
permanently connected products protected by a fuse sized according to 51.2.1, the fuse rating is to be as
marked on the nameplate. For permanently connected products protected by a fuse sized according to
51.1.6, no starting test is required.


https://ulnorm.com/api/?name=UL 416 2013.pdf

AUGUST 30, 1993 REFRIGERATED MEDICAL EQUIPMENT - UL 416 57

35.4 If no fuse opens, the fuse used is proper for starting the product. If one fuse opens, the test is
repeated using the three remaining fuses. If none of the three fuses open, the results are acceptable. If
one of the three fuses open, the results are not acceptable and the test is repeated using four time-delay
fuses of the same rating as the original fuse.

35.5 If it is determined that time-delay fuses are required for starting, the product is to be marked in
accordance with 64.14 or 65.2, whichever is applicable.

35.6 If an automatic-reset thermal-protective device interrupts the current flow one or more times during
the test, the product shall restart and run after each interruption and shall meet the fuse requirements of
35.4 and 35.6.

35.7 If 15 or 28

L

connected to

the same circ
connected to

a) 80
recep

b) 10
recep

36 Temperatyire and Pressure Test

36.1 The tem
exceed those

36.2 The maj
a basis for thq

36.3 The ass
the assembly
automatic-res
protective deyf

36.4 For this
Thermocouple
fan-motor win

1 + 1 ol al HYY dadl t
VU AP, yllitTAalmpuTpuot TULLTPLIALITO ATt PJTuviutTu drfu arc mneiiutcu tu v

it as the product, the starting test is to be conducted with an additional ,non
he unit, sized as follows:

percent of the receptacle rating if the product incorporates onlyone 15
acle, or

D percent of the receptacle rating if the product incorporates more than one 15
acle.

perature rises measured on the electric components and surfaces of a prg
specified in Table 36.1.

imum pressure developed in a product'tested as described in 36.3 — 36.9 sh
Strength Tests — Pressure Containing Components requirements.

embly is to "pulldown” underithe following test conditions. Pulldown will be
runs continuously at approximately constant electrical input and low-side
bt protective device may eycle provided pulldown is obtained within 8 hours. A
ice shall not trip durihg the starting or operating period.

inductive load

pr 20 ampere

or 20 ampere

duct shall not

all be used as

affected when
pressure. An
manual-reset

test, a represéntative product is fitted with pressure gauges on the high-

Table 36.1. T

the primary methed of temperature measurement is to be the thermocouple method. The
ithya voltmeter and an ammeter. The temperature controller is short-circuifed during this

is measured

nd low-sides.

s are secured to various electrical components, including compressor mator enclosure,
lings, starting-relay coil, capacitors, wiring insulation, and to surfaces as indicated in (d) of
e temperature of motor windings or coils may be measured by the resistande method, but

lectrical input

test.

36.5 The product is to be installed in accordance with the manufacturer’s instructions, see 4.1 and 4.2,

and operated

under the conditions specified in 36.7 — 36.9, as applicable.
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36.6 If the wiring to a general purpose receptacle does not comply with 10.10, a resistive load is to be
connected to the receptacle circuit during the test and the temperature of the wiring insulation measured.
The resistive load shall be as follows:

a) Where a single receptacle is employed, the load shall be equal to 80 percent of the rating of
the receptacle,

b) Where more than one receptacle is employed on the same circuit, the load shall be equal to
100 percent of the largest receptacle.

36.7 A built-in type product is to be placed in an enclosure simulating actual conditions of use. The
enclosure is to consist of 3/8 inch (9.5 mm) thick plywood with the inside surfaces painted flat black and

proper operatlon, one or more of the panels must be spaced, in which case, the enclosyre is to be as
recommended in the manufacturer’s instructions.
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Table 36.1
Maximum temperature rises

Device or material °C (°F)
A. MOTORS
1. Class A insulation systems on coil windings of alternating-current motors having a frame
diameter of 7 inches (178 mm) or less (not including hermetic motor-compressors)®
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 alternating — current motors having a frame
diameter of more than 7 inches (178 mm) (not including hermetic motor-compressors)
a) In open motors —
Thermocouple method 65 (117)
Resistance method 75 (135)
b) Ih totally enclosed motors —
Thermocouple method 70 (126)
Resistance method 80 (144)
3. Class B jnsulation systems on coil windings of alternating-current motors having a frame
diameter of 7 inches (178 mm) or less (not including hermetic motor-compressors)
a) Ih open motors — Thermocouple or resistance method 95 (171)
b) Ih totally enclosed motors — Thermocouple or resistance method 100 (180)
4. Class B Jnsulation system on coil windings of alternating-current motors hiaving a frame
diameter of more than 7 inches (178 mm) (not including hermetic motor-€@mpressors)
a) Ih open motors —
Thermocouple method 85 (153)
Resistance method 95 (171)
b) Ip totally enclosed motors —
Thermocouple method 90 (162)
Resistance method 100 (180)
B. COMPONEN['S
1. Capacitgrs:
Elegtrolytic type® 40 (72)
Other typesd 65 (117)
2. Field wirjng 35 (63)
3. Hermeti¢ motor-compressor ehclosure® 150 (302)

Table 36.1 Continued on Next Page
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Table 36.1 Continued
Device or material °C (°F)
4. Relay, solenoid, and other coils (except motor coil windings) with:P
a) Class 105 insulated winding —
Thermocouple method 65 (117)
Resistance method 85 (153)
b) Class 130 insulation —
Thermocouple method 85 (153)
Resistance method 105 (189)
5. Solid contacts 65 (117)
6. Transformer _enclosures — with
a) ¢lass 2 transformers 60 (108)
b) Rower transformers 65 (117)
7. Wood or] other flammable material 65 (117)
C. INSULATED ICONDUCTORS
1. Flexible fords and wires with rubber, thermoplastic, or neoprene insulation unless recoghized
as having gpecial 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. Surfaceq of products at points of zero clearance to test.énclosure 65 (117)
2. Surfaceq of products contacted by persons in operating’it (control knobs, pushbuttons, levers,
etc.)
Metal 35 (63)
Norjmetallic 60 (108)
3. Surfaceq of products subjected to casyal eontact by persons (enclosure, grille, etc.)
Metgal 45 (81)
Norjmetallic 65 (117)
4. Surfaceq of test enclosure where clearance to flammable material is specified 65 (117)

Table 36.1 Continued on Next Page
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Table 36.1 Continued

3. Thermoplastic material. Rise based on temperature limits of material

Device or material °C (°F)
E. ELECTRICAL INSULATION — GENERAL
1. Fiber used as electrical insulation or cord bushings 65 (117)
2. Phenolic composition used as electrical insulation or as parts where failure will result in a 125 (225)
hazardous condition

& Thermocouple
b Thermocouple

integral with the

da capacitor wi
temperature rati

€ Maximum - n

applied directly to the integral insulation of the coil conductor.
applied as in (a) or applied to conventional coil wrap.

€ For an electrolytic capacitor which is physically integral with or attached to a motor, the temperature rise on insulating material

capacitor enclosure may be not more than 65°C (117°F).

ich operates at a temperature higher than a 65°C (117°F) rise may be judged on the basis of.if
g.
t rise.

s marked

36.8 The pro
the assembly
concurrently v
and operated
in 32.1. The
low-side presy

juct is placed within a room maintained at 40°C (104°F) and 26.7¢C (80°F)
reaches room temperature. Lights and/or other electrical l6ads which
ith the condensing unit are to be energized during the test, The assembly
until temperatures and pressures have stabilized. The petential is maintaine
electrical input, the temperature of electrical companents and surfaces,
ures are recorded at intervals during the test.

g

36.9 For the

80°F (26.7°C) inlet and 100°F (37.8°C) outlet temperatures. If 100°F (37.8°C) outlet wg
attained due {o design, the product is to be tested at<80°F (26.7°C) inlet water and 35 [
nominal presgure.

36.10 The pr

Pressure Test.

37 Heating T

37.1 A hot g3

flammable material, wiring insulation, motor windings, insulation of electric valves, or g

components,
draining on un

37.2 Overhedting ef-these materials is considered to occur if the temperature rises measu

exceed the psg

est of a product of the water-cooled type, the.condenser water flow is to be

St
s, reverse cycle, bypass cycles, or electric heating cycle shall not result in
bhall not cause ‘excessive pressures in the refrigeration system, and shall not

insulated live* parts or collecting within enclosures for electrical parts or wirin

rmissible temperature rises for the insulating material as tabulated in Table

wet bulb until
may operate
s then started
d as indicated
ind high- and

maintained at
ter cannot be
sig (241 kPa)

duct is to comply with the Dielectric Voltage Withstand Test following the Temperature and

bverheating of
ther electrical
result in water

g.

red in this test
86.1.

37.3 Excessive pressures in the system occur if they exceed one-fifth of the ultimate strength of high- or

low-side parts

as determined by the Strength Tests.

37.4 Thermocouples are attached to flammable material, electrical components, and electrical insulation

which may be

affected by operation of the system.
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37.5 The product is to be placed in a room ambient of 25°C (77°F) and the controls adjusted to cause
maximum heating.

37.6 Temperatures and electrical input are to be measured at intervals during the heating cycle. When
required by 37.1, the maximum high- and low-side pressures are to be recorded as reference values for
the Strength Tests - Pressure Containing Components.

37.7 Upon completion of the heating cycle, the assembly is to be examined to determine if water contacts
uninsulated live parts or collects within the enclosure of electrical parts or wiring.

37.8 The heating system is to comply with the Dielectric Voltage Withstand Test following the Heating
Test.

38 Dielectric Voltage Withstand Test

38.1.1 Revisgd and combined with 38.1.2 and relocated as 38.1 May 15, 1996
38.1.2 Revisad and combined with 38.1.1 and relocated as 38.1 May 15, 1996
38.1.3 Deleted May 15, 1996

38.1.4 Deletad May 15, 1996

38.1.5 Revisgd and relocated as 38.4 May 15, 1996

38.2.1 Deleted May 15, 1996

38.2.2 Revisgd and relocated as 38.3 May 15, 1996

38.2.3 Deleted May 15, 1996

38.2.4 Deletad May 15, 1996

38.2.5 Deleted May 15, 1996

38.3.1 Deleted May 15, 1996

38.4.1 Deleted May 151996

38.4.2 Deletad May-15, 1996

38.4.3 Deleted May 15, 1996


https://ulnorm.com/api/?name=UL 416 2013.pdf

MAY 15, 1996 REFRIGERATED MEDICAL EQUIPMENT - UL 416 63

38.1 A product shall withstand, without breakdown, a test potential applied for 1 minute between
high-voltage live parts and dead metal parts and between live parts of high-voltage and low voltage
circuits. The test potential shall be 1000 V plus twice rated voltage at any frequency between 40 and 70
hertz.

Exception No. 1: The test potential for units rated at not more than 1/2 horsepower (373 watts output) shall
be 1000 V.

Exception No. 2: If the steady-state voltage developed in a motor circuit through the use of capacitors
exceeds 500 V, as measured during the temperature and pressure test, the test potential for the parts

affected shall

be 1000 V plus twice the developed capacitor voltage.
38.1.1 and 38.1.2 revised, combined and relocated May 15, 1996

38.2 Equipms
500 volts appl
be at any freq
in the low-volt
of opposite pd

38.3 With ref¢
to be conduct
enters the lay
components h

38.4 A 500 vd
be varied, is t
to be increasdq
for 1 minute.

Exception: T]
testing equipn
the test.

38.5 If the ch
line to earth g
potential, the

nt employing a low-voltage circuit shall withstand, without breakdown, ia t¢
ed for 1 minute between low-voltage live parts and dead metal parts. Fheltest
Lency between 40 and 70 hertz. If components specified in paragraph 25.4.3
age circuit, the dielectric voltage withstand test shall also be conducted betw
larity.

38.2 added May 15, 1996

brence to the previous paragraph, the test between low-voltage parts of oppd
ed on magnet coil windings of the transformer after breaking the inner caoil
br. This opposite polarity test may be waived on_the complete assembly prag
ave been separately subjected to this test.

38.2.2 revised and relocated, as<38.3 May 15, 1996

It-ampere or larger transformer, the output voltage of which is essentially sinu
p be used to determine compliancewith the previous paragraphs. The appli
d gradually from zero until the required test value is reached and is to be hel

he requirement of a 500'\volt-ampere or larger transformer can be waived if thg
nent maintains the specified high potential voltage at the equipment during 1

38.1.5 revised and relocated as 38.4 May 15, 1996

Arging current through a capacitor or capacitor-type filter connected across th
ound,is-large enough to make it impossible to maintain the required alternati
Capacitors and capacitor-type filters may be tested as described in 38.6.

st potential of
potential shall
are employed
een live parts

site polarity is
lead where it
vided that the

soidal and can
ed potential is
d at that value

high potential
he duration of

e line, or from
ng-current test

38.5 added May 15, 1996

38.6 The capacitors and capacitor-type filters mentioned in 38.5 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.

38.6 added May 15, 1996

38.7 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.

38.7 added May 15, 1996

38.8 If the circuit is a patient connected circuit, then in addition to any applicable tests in 38.1 - 38.7, a
60 Hz, essentially sinusoidal potential of 2500 volts is to be applied between primary circuits and the
patient connected circuits. See 3.14.

38.8 added May 15, 1996
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39 Condenser Fan Motor Failure Test

39.1 A product shall not be exposed to hazardous pressure or temperature or leak refrigerant if the

condenser fan motor locks or fails to start.

39.2 The requirement in 39.1 will be complied with if:

a) The refrigeration system does not rupture or develop leaks during the test. The maximum high-
and low-side pressures are to be recorded as reference values for the Strength Test requirement.
An assembly employing a pressure-limiting device conforming with 29.1 or 29.2, as applicable, is

considered to comply with the high-side pressure requirement.

enclosure (enclosed type) does not exceed 150°C. Con
nser fan motors equipped with thermal protective devices as specified.inyl8.]
considered to comply with this requirement.
39.3 A sample of the assembly is to be fitted with a pressure gauge on thevhigh-pressy
refrigeration slystem and provided with thermocouples on the compressor-enclosure and
motor winding (open type) or condenser fan motor enclosure (enclosed:type). When evaly
components for compliance with the strength requirement of 57.10, a pressure-gauge is to k
low-side of thg system. The low-side pressure is to be recorded«Wwhile the compressor is
after shutdowp. The controls are to be set for maximum cooling ‘and the product is ope|
condenser fap motor locked until stabilized temperatures and>pressures are reached. Th
motor overloafl device and/or the fan motor overload device niay operate during this test. Th
temperature i§ approximately 25°C (77°F). The potentialis-maintained as indicated in 32.1.
condenser far] motors are employed, the test is to be conducted with one motor locked.
40 Condensey Water Failure Test
40.1 A water
failure.

cooled product shall not be exposed to hazardous pressure or leak refrigerar

40.2 The reqgirement of 40.1 will be ‘complied with if:

g (open type),

pressors and
¥ and 18.8 are

re side of the
condenser fan
ating low-side
e fitted on the
operating and
rated with the
e compressor
e test ambient
If two or more

t during water

a) The refrigeration System does not rupture or develop leaks during the test. The npaximum high-

and Igqw-side pressurés are to be recorded as reference values for the Strength Te
Contdining Components requirements.

b) The maximum temperature of the compressor enclosure does not exceed

sts - Pressure

150°C. If the

compiessor is equipped with a thermal protective device(s) as specified in 18.7, th

S temperature

test may be waived.

40.3 A sample of the assembly is to be fitted with a pressure gauge on the high-pressure side of the
refrigeration system and provided with thermocouples on the compressor enclosure. When evaluating
low-side components for compliance with the strength requirement of 57.10, a pressure gauge is to be
fitted on the low side of the system. The low-side pressure is to be recorded as specified in 39.3. The
product is to be operated with the condensing water shut off and also with the condensing water restricted
until maximum stabilized temperatures are reached or until representative maximum temperatures are
attained under cycling
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load. If the product cycles on a motor-overload protective device, the test is to continue until the maximum
pressure during the protective device operation is obtained. The room ambient is to be approximately
25°C. The potential is maintained as indicated in 32.1.

40.4 The test is not to result in damage to electrical parts.

40.5 The test need not be conducted to determine compliance with 40.1 if a pressure-limiting device is
provided. The maximum cutout pressure to which the pressure-limiting device may be readily adjusted by
the adjusting means provided shall be employed in determining compliance with 40.1. See 57.1, 57.4, and
57.8.

Revised 40.5 effective August 25, 1995

41 Overflow Test

41.1 With ref¢rence the 6.3.9, a product in which liquids may accumulate or overflow_shall not allow the

liquid to wet live parts or the windings of motors or coils.

41.2 The pro
condensate d

Huct is to be positioned as intended in operation and the liquid” reservoir,
ain pan is to be filled until overflowing occurs.

receptacle, or

41.3 Complial
withstand, or i
less than 50,0

nce with 41.1 can be determined by means such as«isual examination, dig
hsulation resistance, except that motor windings aré, to 'have an insulation re
00 ohms and are to comply with the Dielectric Voltage Withstand Test.

lectric voltage
sistance of not

42 Cleaning @nd Sterilization Test

ed the values
t.

42.1 The leakage current resulting from cleaning @k sterilizing a product shall not exce
specified in Table 33.1 for patient care equipment@nd Table 33.2 for nonpatient equipmen

42.2 Each product or portion of a product which is intended to be cleaned by wiping or steljilizing shall be

conditioned a
33.7.3.1 shall

42.3 For prod
with a folded
complete wipi

5 outlined in 42.3 and 42.4after which the leakage current test described
be repeated. The conditiohing specified in 33.7.1.6(b)(3) is not to be applied

ucts intended to be.wiped clean, the outer surface of one sample is to be wiy
Cheesecloth applicator saturated in the cleaning agent specified by the man
Ng procedure,is-to be repeated until a total of five operations has been comg

in 33.7.1.3 —

ed thoroughly
ufacturer. The
leted.

mple is to be
n total of five
D be removed
S repeated.

42.4 For proglucts intended to be sterilized by autoclaving or other methods, one sa
subjected to the stefilizing procedure outlined in the manufacturer’'s instructions until
sterilization ¢ cles has been completed. Between each successive cycle, the product is t

42.5 Each product or portion of a product which is intended to be cleaned by washing shall comply with
42.6 — 42.10.

42.6 The product is to be isolated from ground with the normal grounding means disconnected. The
product is to be connected so that the switch or control to be tested is in the ungrounded side of the
supply. The complete sample is to be at room temperature considered to be approximately 25°C (77°F).

42.7 The product is to be energized with a source of electrical supply consistent with its rating and with
the refrigeration system not operating. The meter used for the measurement of the leakage current is
described in 33.7.2.1 for patient care equipment and 33.7.3.1 for nonpatient equipment. The meter is to
be connected between a metal backing on a cellulose sponge and the grounded conductor of the power

supply.
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42.8 The sponge is to be approximately 1-5/8- by 3- by 5-inches (41- by 76- by 127-mm), is to retain from
75 to 100 grams of solution, and is to have a metal backing on one of the 3- by 5-inch (76- by 172-mm)
faces.

42.9 The sponge is to be saturated in a solution consisting of 2 tablespoons (30 milliliters) of sodium
bicarbonate and 4.5 grams of chip soap conforming to the specifications for chip soap, ASTM
D496-74(1990), in 1 quart (0.95 liters) of water at approximately 25°C (77°F). The saturated sponge is to
be wiped six times with a pressure of 2 to 3 pounds (8.9 to 13.4 N) applied to the metal-backed side, over
the exposed mounting surfaces, including any operating devices of the electrical components. The sponge
may be resaturated in the test cleaning solution after the third wipe. The test is to be conducted with

attached knobs or handles in place and also removed if they can be removed without the use of tools.

42.10 The tes

intermediate {
the control.

43 Stability T

43.1 A produ

base such th4gt both the width and depth dimensions are greater than the height is considg

with the requi

43.2 A freest
base. Other n
not be relied (¢

a) Th

pSt

hnding product is to be supported by the legs, Iéveling screws, or casters

e product shall not overturn under the following conditions:

oot L <l tacl AN kol 4 + <l Al ] P~ | o £
U0 TU UL LUTTUUTLITU WILIT SVVITLTT LUTTIIALLSO UPTTITU AalTfu CIUOT U, 1T TS LAoT Ul

ositions, the test is to be conducted at a minimum, maximum, and intermed

t shall be stable when tested in accordance with 32.1 — 43.3 Avproduct havin

ement.

eans of support, such as wall brackets, plumbing:connections, or conduit con
n for the purpose of the test.

1) An empty product with serviee doors, covers, and panels closed is to i
plane surface inclined at ansangle of 10 degrees with the horizontal. Acce
are intended for use with the refrigerator are to be installed. Swivel-type (¢
are to be oriented so thatthe tendency to overturn is maximum, or

2) An empty product with accessories installed, weighing 50 pounds (22.7
to be placed ¢njya horizontal surface. If leveling screws are provided, t
adjusted equally to raise the machine 1 inch (25.4 mm) above floor level,
casters _are-provided, they are to be oriented so that the tendency |1
maxim@: A force equal to one-fourth the weight of the product, but not
pounds’ (223 N), is to be applied horizontally at the vertical center line of &
product at the highest point, not to exceed 5 feet (42.5 m) above floor level
closed.

a control with
iate setting of

g a supporting
red to comply

provided in its
hections, shall

e placed on a
ssories which
asters, if any,

Kg) or more, is
hey are to be
If swivel-type
0 overturn is
exceeding 50
ny side of the
with all doors

b) The product shall not overturn under the following conditions — an empty product with
accessories installed, weighing 50 pounds (22.7 kg) or more, is to be placed on a horizontal
surface. If leveling screws are provided, they are to be adjusted equally to raise the machine 1
inch (25.4 mm) above floor level. If swivel type casters are provided, they are to be oriented so
that the tendency to overturn is maximum.

1) For a drawer of horizontally-hinged door which swings downward and which provides
access to a storage compartment, a force equal to one-fourth the weight of the product,
but not exceeding 50 pounds (223 N), is to be applied vertically downward at the center

of the outermost edge of the drawer or door with the drawer or door
maximum.

opened to its
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2) For other hinged doors, a force equal to one-fourth the weight of the product, but not
exceeding 35 pounds (156 N), is to be applied vertically downward at the edge of the door
farthest from the hinges with the door opened at an angle of 90 degrees to the cabinet.

43.3 Unique mounting or support systems for products which would require securing to a wall or other

support surface would need to be separately evaluated to determine their reliability, ease of
likelihood of continued use.

44 Mechanical Abuse

operation, and

44.1 To determine compliance with 5.3, the handle and its means of securing to the product is to be
subjected to a force of four times the werght of the product The load is to be umformly applled over a 3

inch (76.2 mmy-w
so that the tegt value will be attained in 5 to 10 seconds and marntarned for a period of 171
than one handle is furnished on a product, the force is to be distributed between\the
distribution of fforces is to be determined by measuring the percentage of the productiweigh
each handle
handle but is|designed such that it may readily be carried by only one handle, each h
capable of sustaining the total force.

44.2 To detefmine compliance with 5.4 after the product is installed,-the product is to K
accordance with the manufacturer’'s installation instructions 4Sing fasteners and co

described. If no wall constructions are specified, 3/8-inch (9.5-mm) thick plasterboard, dryw.
2- by 4-inch, [|1-1/2- by 3-1/2-inch (38.1- by 88.9-mm)], studs:at 16-inch (406-mm) centers
as the support surface. Fasteners are to be applied as specified in the instructions and, if
to be positioned in the plasterboard between studs. An_adjustable product is to be adjusted
that will give the maximum projection from the wall. A gradually increasing force is to be
vertically throy
in a 5- to 10-9
system (weigh
a period of 1

econd interval until a load of four times the weight of the product is applied tg
t of product plus force of three times the weight of the product) and is to be
minute.

45 Groundind Impedance Test
45.1 The imp
any other me
determined by

no-load voltag
guestion.

pdance at 60 Hz(between the point of connection of the equipment groundi

fal part that is\required to be grounded shall be not more than 0.1 ohm.
measuringsthe voltage when a current of 25 amperes derived from a 60 Hz
e not exceeding 6 volts is passed between the grounding connection and th

jally increased
hinute. If more
handles. The
t sustained by

ith the product in the normal carrying position. If a product is furnished with more than one

hndle is to be

e mounted in
structions as
all, on nominal
is to be used
not noted, are
to the position
applied to act

gh the center of gravity of the produet,in the extended position. The force is t¢ be increased

the mounting
sustained for

g means and
Compliance is
source with a
e metal part in

46 Endurance Test — Heater Control

46.1 A control for an electric heater shall be capable of withstanding an endurance test under the load

which it controls for the number of cycles indicated in 46.2. There shall be no electrical
failure of the control nor undue burning, pitting, or welding of the contacts.

46.2 The number of cycles for the test is to be as follows:

or mechanical

a) An automatic-reset control which operates in each heating cycle is to withstand 6000 cycles of

operation under load, but is to withstand 100,000 cycles of operation und
short-circuiting results in an electric shock or risk of fire. See 47.1.4.

er load if its

b) An automatic-reset limit device which opens only in response to abnormal temperature is to
withstand 6000 cycles of operation under load if its short-circuiting results in an electric shock or
risk of fire. The test may be omitted if its short-circuiting does not result in an electric shock or risk

of fire.
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c) A manual-reset limit device which opens only in response to abnormal temperature is to
withstand 1000 cycles of operation under load plus an additional 5000 cycles without load. The
test may be omitted if its short-circuiting does not result in an electric shock or risk of fire.

46.3 The test is to be conducted with the device connected either to the heater element load or to an
equivalent noninductive load. The frame of the device is to be connected through a 15 ampere fuse to
ground or to the grounded conductor of the supply circuit.

46.4 If the device "fails safe” in the open position before the end of the test, it is not to be considered a
failure provided the "fail safe” feature is inherent in the design.

47 Burnout Tests

47.1 Electric heaters

47.1.1 Opera

47.1.2 A risk
product, or flg
failure if a risK

47.1.3 An ele
50,000 ohms.

47.1.4 The te
supply circuit
Each ungroun
may be used.
rating of the &
volts or less.

47.1.5 If an 4
Test - Heater
automatic-res
100,000 cyclg
conductor ins
element have
terminate whe

47.16 Ifare

ion of an electric heater shall not result in an electrical shock or risk of fire
of fire is considered to exist if there is any emission of flamevor molten 1
ming or glowing of flammable material. Blowing the supply. ¢iretit fuse is no
of fire does not exist.

ctrical shock is considered to exist if the insulation resistance of the produ

St ambient temperature is to be approximately25°C (77°F). The heater is O

ded conductor in the supply circuit is to_be*provided with a fuse of the maximu
For cord connected products, the supply circuit fuses are to correspond in

Control requirement of 100,000 cycles, see 46.2, it is to be shorted out of th
s, the test is to teyminate when the temperatures of components and mat

stabilized. 4f\a"manual-reset type of thermal protective device is employed
n the device opens the heater circuit.

plageable thermal cutoff is employed, the test is to be conducted five times

n the product.
hetal from the
considered a

bt is less than

onnected to a

maintained as indicated in 32.1 and energized until the ultimate results afe determined.

m rating which
he size to the

ittachment-plug cap, except that 20 ‘amperes is the minimum size for prodycts rated 150

Ltomatic-reset type of pretéctive device is employed and which has not met the Endurance

B circuit. If the

bt type of protective'device has met the Endurance Test - Heater Control fequirement of

brials such as

Llation, electriéal insulation, thermal insulation, and flammable materials n¢ar the heater

the test is to

using different
ended manner

samples of thg

 thermal cutoff in each test. The thermal cutoff is to open the circuit in the int

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.

47.2 Other components

47.2.1 To determine if a risk of electric shock or fire exists, a burnout test is to be conducted on
components such as an intermittent-duty relay, solenoid, electrically-operated valve, or others, which the
design of the product indicates may present a risk of electric shock or fire. The tests should be made with
the component installed as intended in the product. The product is to be connected to a supply circuit
maintained as indicated in 32.1. Each ungrounded conductor in the supply circuit is to be provided with a
fuse of the maximum rating which may be used. For cord connected products, the supply circuit fuses are
to correspond in size to the rating of the attachment plug, except that 20 amperes is the minimum size for
products rated 150 volts or less.
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47.2.2 A risk of fire is considered to exist if there is any emission of flame or molten metal from the
refrigerator, or glowing or flaming of flammable material. Opening of the supply-circuit fuse is acceptable
if a risk of fire does not exist.

47.2.3 A risk of electrical shock is considered to exist if the insulation resistance of the product is less
than 50,000 ohms.

47.2.4 If a single component malfunction may result in an intermittent-duty relay or solenoid being
continuously energized, a risk of electric shock or fire shall not result from such malfunction. The test is
to be conducted with the relay or solenoid continuously energized until the ultimate result is determined.

47.2.5 If a relay, solenoid, or electrically operated valve becomes blocked in the de-energized position, a
risk of electric ssumed when
it is de-energi

[ [l £ hall 4 Tk oo dto Lo L Lad o b H'™H
STIUCRAUT TITCS oSTTAIT TTUL TT OUTL. TTIC CUTTIPUTITTIU To U VT UTULRATU T LTS YU OTUUTT

ved and then energized continuously until the ultimate result is determined.

48 Overvoltage and Undervoltage Tests

48.1 An elect|
normal voltag
voltage. The t

romagnet, as employed on a relay or solenoid, shall be able to withstand 10
b without damage and shall operate at that voltage and alserat 15 percent
pst voltages are to be as indicated in Table 48.1.

percent above
below normal

48.2 A relay
involved, inclu
if it complies \

br solenoid that has been separately investigated forythe voltage and operafing conditions
ding ambient temperature conditions, is not requiréd to be tested in the produ¢t to determine
vith the requirement in 48.1.

Table 48:%
Test valtages
Rafed voltage Overvoltage Undervoltage

10 — 120 132 102

208 229 177

P20 — 240 264 204

PS4 — 277 305 235

140 — 480 528 408

50 — 600 660 510

48.3 If a relay or other gontrol is used in combination with the compressor controller to preyent automatic

recycling of th
comply with 4

e compressor due to the operation of a protective device, the components
6.1 ander any condition which might result from operation of the protecti

involved shall
e device and

de-energizing|the\eifcuit.

48.4 Relays and solenoids are to be connected to a supply source maintained at the overvoltage
condition until the coils of the relays and solenoids reach constant temperature. The potential is then
reduced to the test voltage specified in 32.1, and each relay and solenoid is to operate at this voltage.
The potential is maintained at this test voltage until the coils reach constant temperatures. The potential
is then reduced to the undervoltage condition, and each relay and solenoid is to operate at this voltage.
If relays and solenoids are energized through a transformer, the voltage adjustments described are to be
made at the transformer primary. A relay or solenoid which will not be subject to continuous operation is
to be energized at the overvoltage condition and at the normal test voltage for the maximum time
permitted by its duty cycle or until constant temperature is reached, whichever occurs first.
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49 Current Overload Test — Bonding Conductors and Connections

49.1 When required by 12.9 or 12.13, bonding conductors and connections shall carry, without opening,
twice the current equal to the rating of the branch circuit overcurrent-protection device for the interval
indicated in Table 49.1.

Table 49.1
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

50 Insulation
50.1 Heaters

50.1.1 An el¢
in a product,
presence of \
Test, Section

50.1.2 Ifane
test is to be ¢

50.1.3 In the
heater terming
to be cycled f
approximately

50.1.4 If the
conducted by
relative humid

50.1.5 For th
cycle is to be
temperature ri

Resistance Test

ctric heater of the metallic sheath or encased type which is exposed to moi
Shall maintain an insulation resistance of not lessythan 50,000 ohms when
ater and shall comply with the requirements specified in the Dielectric Volt
38.

hcased heater or heater terminal seal is‘it.contact with water as it is used in
bnducted by cycling the heater for 30-days, submerged in water.

test the water is to be maintained at a temperature not less than that me
|| seal or case material during heater operation, nor more than 90°C (194°F)
our times per hour with anCON time of approximately 1-1/2 minutes and a
13-1/2 minutes.

electric heater is-not wetted but is exposed to moisture in the product, 3
cycling the heater-assembly or terminal seal in an atmosphere of not less th

ity.

p test indicated in 50.1.4, the heater is cycled in a humidity controlled test
initiatee by a time switch and terminated by a control set to disconnect the
5e‘orvthe sheath or case is equivalent to the rise measured during the heater

sture, as used
cycled in the
hge Withstand

the product, a

asured on the
The heater is
h OFF time of

test is to be
an 98 percent

chamber. The
heater when a
bperation. The

ot ha paaintaiand frams 2 +0 10 ~nlac nar hanir fAr 1NN ~AvnlAc

rate of cyclin

50.2 Thermal

o to T o o TC U T O Ot TU Ty Cic o P ot 1O TUUU Ty CIcor

and/or acoustical insulating material

50.2.1 A product employing insulating material that can be impaired by moisture under conditions of use
shall have an insulation resistance of not less than 50,000 ohms between live parts and interconnected
dead-metal parts after exposure for 24 hours to air having a relative humidity of 85 +5 percent at a
temperature of 90 +4°F (32 +2°C).
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51 Limited Short-Circuit Test

51.1 General

51.1.1 The following components shall withstand short circuiting when protected by a branch-circuit
overcurrent device of the size required by the product:

a) Motor overload protective devices which are connected in the motor circuit.

b) Motor circuit conductors and connections as required by 10.3.2.

c) Bonding conductors and connections and required by 12.8 and 12.12.

51.1.2 For a
rating not less
appliances is

51.1.3 For a
a) A

b) A
name

51.1.4 A pert
supply line sh
225 percent o
sum of any a
protective deV
an amount eq

Exception No,
than calculate]
opening a fus

Exception No.
test is to be c|

51.1.5 With r
fuses of the s

cord-connected unit, the protection specified in 51.1.1 is to be provided hy‘a
than the rating of the unit’'s attachment plug. The minimum fuse siz€ for ¢
PO amperes for units rated 125 volts or less and 15 amperes for unijts rated 1

bermanently-connected unit, the protection specified in 51.1.1 is'to6 be provid
levice that is recognized for branch-circuit protection and‘located in the unit,

branch-circuit protective device of the type and maximum rating specified ¢
Dlate.

nanently-connected appliance having more_than one motor wired for conr
bl withstand short-circuiting when protected-by a branch-circuit overcurrent g
the full-load current of the largest hermetic motor of the group plus an amou
iditional loads supplied. If a hermetic,;motor is not supplied, the branch-circ
ice is to be rated 400 percent of the'full-load current of the largest motor of

ual to the sum of any additional‘loads supplied.

1: The test may be conducted with a branch-circuit overcurrent device having
[ above, but not less than’15 amperes, provided the appliance will start and @
2 having this lower rating. See Starting Test, Section 35.

2: If the unit incorporates a branch-circuit overcurrent device as described ir
bnducted with that device.

pgard to-branch-circuit overcurrent protective devices and for the purpose
Ame,_rating are considered to be interchangeable and "HACR Type" circuit b

same rating aré.considered to be interchangeable. Fuses and circuit breakers are not co

fuse having a
brd-connected
P6 - 250 volts.

ed by either:
or

n the product
ection to one
evice rated at
nt equal to the

it overcurrent
he group plus

a lower rating
perate without

51.1.3(a), the

pf these tests,
reakers of the
sidered to be

interchangeable. Circuit breakers of other than "HACR Type" are not considered interchangeable with

each other no

r are they interchangeable with "HACR Type" circuit breakers.

51.1.6 The component is to be connected in a test circuit having a capacity based on the full-load current
and voltage rating of the appliance. See Table 51.1. When the full-load current is between two values in
the table, the larger value is to be used in determining the circuit capacity. If the appliance nameplate
shows individual loads, the full-load current is the total of all individual loads which may occur
simultaneously. If more than one simultaneous load condition is possible, the condition resulting in the
maximum total current is to be used as a basis for determining the capacity of the test circuit. The voltage
for the test circuit is to be an alternating current supply, and the circuit capacity is to be measured without
the component in the circuit. The power factor of the test circuit is to be 0.9 — 42.0 unless a lower factor
is agreeable to those concerned.
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Table 51.1
Short-circuit test currents

Product full-load amperes
Single phase o .
Circuit capacity
115V 208 V 230 - 240V 277V amperes
9.8 or less 5.4 or less 4.9 or less - 200
9.9-16.0 55-8.38 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 Circtlit capacity
hmperes
208 V 220 - 240V 440 — 480 V 550 - 600 V
2.12 or legs 2.0 or less - - 200
2.13-3J 21-35 42.8 or less 42.4 or less 1000
3.8-9.4 3.6-9.0 - - 2000
9.6 — 23.B 9.1-220 - =~ 3500
Over 23.8 Over 22.0 Over 42.8 Over. 42.4 5000
51.1.7 Three|samples of each component or conductor under<teést are to be subjected to each test

condition and
short-circuit a

51.2 Motor o

51.2.1 There
when sampleq

a new protective device is to be used for each test. Consideration is to be
nd ground-fault conditions.

erload protective devices

shall be no ignition of cheesecloth-sdrrounding the enclosure of a motor prd
are subjected to the test.

51.2.2 If a thgrmally protected motor or, a-Separately enclosed motor overload protective d

an outer cabir]
the cabinet 4
short-circuit tg

51.3 Bonding

51.3.1 Bondir
of this test.

et, and if the assembly is-constructed so that flame and molten metal will be ¢
nd there is no flammable material except electrical insulation with the
st may be waived.

conductors and.connections

g condu€tors and connections shall not open when samples are subjected to

51.4 Motor ci

given to both

tective device

evice is within
onfined within
cabinet, the

the conditions

cuit conductors and connections

51.4.1 Motor circuit conductors and connections shall not be damaged when samples are subjected to

the conditions

52 Protective

of this test.

Devices — Maximum Continuous Current Test

52.1 To determine if a thermal protector complies with the requirement in 18.3(b)(2) or if a protective
system complies with the requirement in 18.3(d)(2), the product is to be tested in accordance with 52.2,
unless the motor-compressor has been separately tested as described in 52.4.
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52.2 Except as indicated in 52.3, the product is to be connected to a circuit of rated voltage and operated
under the conditions described in Table 52.1 for at least 1 hour or until stable conditions have been
reached, whichever is longer. The voltage is then to be reduced in steps of 2 percent of rated voltage (to
the nearest integral volt). Operation is to be allowed to become stable after each reduction in voltage
before the next reduction is made, and readings of current input to the motor-compressor are to be noted
after stable operation is obtained subsequent to each voltage reduction. If the product will operate at 90
percent of rated voltage without tripping the motor protective device, the first step in voltage reduction can
be to 90 percent of rated voltage followed by alternate stabilization periods and 2 percent steps in voltage
reduction as outlined above. This procedure is to be continued until the protective device opens the circuit.
The motor-compressor current input at the lowest voltage step during which continuous operation occurs
(the lowest voltage preceding the voltage at which the protective device opens the circuit) is to be used
as a basis for judging compliance with the requirements in 18.1 and 18.3(b)(2), or (d)(2).

Table 52.1
Test conglitions for calibration of thermal protectors and protective systems in products
ilemperature
Location °F (°C)

Air temperature purrounding unit 104 (40)
For water-cooleq unit

Water femperature entering condenser 80 (26.7)

Water femperature leaving condenser 100 (37.8)2
For air-cooled ufit

Air temperature entering condenser 104 (40)
& Where this cofdition cannot be attained due to the design of the unifit is to be tested at 80°F inlet condense[ water
temperature and 35 pounds per square inch gauge (241 kPa) nominal pressure.

52.3 With refgrence to 52.2, initial operation may.be at such voltage that the current input s 156 percent
of the rated cyrrent. The voltage is then reduced by 2 percent of rated voltage (to the nearesgt integral volt)
to establish thiat the protective device opens. The voltage may be reduced to the motor-coinpressor only,
with the otherl components in the product-maintained at rated voltage or higher if the results of the test
under these cpnditions indicate compliance with 18.3(b)(2) or (d)(2). The rated voltage referred to is the
highest of the| rated voltages for dual-voltage-rated units. Stable operation is considered fo be obtained
when two corjsecutive readings; 15 minutes apart, of the temperature on top of the motpr-compressor
shell do not change more than;1°F (0.6°C).

52.4 The mofor-comprégsor, with its protective system as employed in the product may |be separately
tested as desgribed in 52.2 and 52.3 under the conditions described in Table 52.2. This sepprate test may
be used as a pasistfor judging compliance with the requirements in 18.1 and 18.3(b)(2) or|(d)(2).
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Table 52.2

Test conditions for calibration of thermal protectors and protective systems separately from the

product
Table 52.2 revised June 24, 1997

Temperature
Location °F (°C)

Return gas

Saturated vapor temperature 53.5 (142.9)

Superheat 26.5 24.7)
Discharge gas

Saturateff vapor temperature 157 (67.8)
Ambient air

Temperdture 115 (46.1)

Velocity 400 fpm?@ 2.0 m/s)
& The velocity specified is the horizontal air velocity in the test chamber without the compressorlinstalled. The afctual velocity
across the comgressor may be different from this value, depending on the shape of the compressor and its effeft on the air-
flow pattern. A Higher velocity may be employed if the results of the test with the higher air velocity indicate conppliance with
18.3(b)(2) or (d)[2).

53 Acceleratg

53.1 The req
sheath heater

53.2 Neoprer]
withstand acc
the device du

conducted in an ambient from 25 to 40°C (77.t0 104°F) without deteriorating to a degree W

its use.

d Aging Test — Electric Heaters

lirement in 53.2 applies to the case of heaterrassemblies and terminal se

D.

blerated aging as indicated in Table/53.1 for the maximum temperature rise
ring a Temperature and Pressure, Test, Section 36, Heating Test, Sectio)

als of metallic

e or thermoplastic compounds used as a heater casing or for the seal of ferminals shall

measured on
n 37, or both
hich will affect
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Table 53.1
Accelerated aging test criteria
Table 53.1 revised May 15, 1996
Measured temperature rise
°C (°F) Material Test program
35 (63) Neoprene Air oven aging for 70 hours at 100 +2°C
(212 +3.6°F)
35 (63) Thermoplastic 7 days in an air circulating oven at 100°C
(212°F)
50 (90) Neoprene Air oven aging for 168 hours 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) Neoprene or thermoplastic 7 days in an air(circdlating oven at 113°C
(235.4°F)
65 (117) Neoprene 10 days in.anair circulating oven at
121°C (249.8°F)
65 (117) Thermoplastic 7 days)dat 121°C (249.8°H) or 60 days at
972C (206.6°F) in an air-dirculating oven
80 (144) Neoprene or thermoplastic 7-days in an air circulating oven at 136°C
(276.8°F)
100 (180) Neoprene or thermoplastic 60 days in an air circulating oven at
136°C (276.8°F)
125 (225) Neoprene or thermoplastic 60 days in an air circulatipg oven at
158°C (316.4°F)
175 (315) Neoprene or thermoplastic 60 days in an air circulating oven at
210°C (410°F)
54 Reliability [Test — Heater Termination
54.1 Electric heaters employing integrally-molded leads or molded terminal assemblies shall withstand a
test load of 20| pounds-mass (9.1 kg) applied for a 1 minute. The load is to be applied in the $ame direction
at which the |ead exits the heater caSe or molded connection and shall not result in displacement of

insulation or s

55 Abnormal

55.1 General

55.1.1 If the (

Operation Test

in actual serv

eparation of the connection between the lead and the heater.

onditions of normal operation are not representative of abnormal conditions

that can occur

ice/ a product shall not result in a risk of electrical shock or fire when o

erated under

abnormal conditions and a transformer shall not experience temperature rises greater than indicated in

Table 55.1.
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Table 55.1

Acceptable temperature rises

Degrees C maximum

Degrees C average

Class 105 or A Class 130 or B Class 105 or Class 130 or B
Type of protection insulation insulation A insulation insulation
Impedance 135 160 - -
Thermal cut-out
Automatic reset
1. During first hour of operation 175 200 - -
2. After first hour of operation 150 175 125 150
Manual reset
1. During first hour of 175 200 - -
operation, or during the first 10
cycles of operation mentioned
in 55.2.8, whichever is the
shorter interval.
2. After first hour of operation, 150 175 - -
if the first 10 cycles of
operation mentioned in 55.2.8
require more than 1 hour for
completion
Fusible and nonfesettable devices
1. Beforg opening during first hour of 175 200 - -
operatio
2. Openipg after first hour of operation 150 175 - -

55.1.2 To determine if an electrical shock or risk of fire actually exists, separate tests are to/ be conducted

with the prod

t or specific portion thereof operatingyuntil the ultimate results have been obgerved. Unless

otherwise indicated, each test is to be conducted-in accordance with the Temperature and |[Pressure Test
and the Heatipg Test. The product is to be connected in series with a nontime-delay fuse oflthe maximum
current rating that can be accommodated bythe fuseholder of the branch circuit to which the product can
be connected] For each test of cord connected products, the grounding means shall be interrupted, and
a separate copnection which includes a1 ampere fuse shall be made between the enclosuie and ground.
For permanently connected products, the normal grounding means shall be employed. In most cases,
continuous operation for 7 hours)will be necessary to assure that the ultimate result has bgen observed.

A cord connegted product s to’be placed on white tissue paper on a softwood surface.

55.1.3 Extracjor typeAuses that are accessible for operator (user) servicing shall be effecfively defeated
during each test. However, fuses which are soldered in place or are located to be accgssible only to

qualified service.personnel and marked in accordance with 66.3.1 may be left in the cir

it under test.

Similarly, othdr evercurrent (overload) protective devices not subject to user-replacement |may be left in

the circuit.
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