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INTRODUCTION
1 Scope

1.1  These requirements cover the construction and security of equipment intended to automatically
dispense currency when operated as intended by an authorized customer, and to provide a limited degree
of protection against unauthorized removal of currency.

1.2 If the product also receives deposits, the same degree of protection shall also be provided for the
deposits.

1.3 Recordumm_mmm_mmm_amm_mmwm_ﬁ the currency
dispensed. A |imited degree of protection against unauthorized manipulation or removal of\the records that

will prevent pfoper debit shall be provided.
1.4 Ateller'd cash dispenser is not required to make records.

1.5 These fequirements cover products intended for permanent conneetion to 600-volts or lower-
potential branch circuits, and products intended for cord connection to_300-volt or lower-potential branch
circuits. The branch circuits and the means of supplying the units from-them are intended fo comply with
the National Blectrical Code, ANSI/NFPA 70.

2 General
2.1 Components

2.1.1 Except as indicated in 2.1.2, a component-of a product covered by this standard shall comply with
the requiremgnts for that component. See Appendix A for a list of standards covering comppnents used in
the products govered by this standard.

2.1.2 A component is not required to.comply with a specific requirement that:

a) Invplves a feature or.characteristic not required in the application of the conjponent in the
produgt covered by this standard, or

b) Is stiperseded-by-a requirement in this standard.

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

2.1.4 Specific components are 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.

2.2 Units of measurement

2.2.1 Values stated without parentheses are the requirement. Values in parentheses are explanatory or
approximate information.

2.2.2 Unless otherwise indicated, all voltage and current values mentioned in this standard are root-
mean-square (rms).
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2.3 Undated references
2.3.1  Any undated reference to a code or standard appearing in the requirements of this standard shall

be interpreted

as referring to the latest edition of that code or standard.

2.4 Terminology

2.4.1
3 Glossary
3.1

3.2 AUTHO
system.

3.3 AUTOM
operated as i
against unauth

3.4 BUSINE
observation by

3.5 CIRCUIT

a)HIGH
charac

b)LOW
altern

0
than 1

transfo
protect

c) LINH
noming

IZED CUSTOMER — A person authorized to conduct transactions at.ah‘au

ATED TELLER MACHINE (ATM) — An unattended machine that will'dispense @

tended by an authorized customer and which will provide, alimited degree
orized removal of currency. The product may also receive-deposits.

SS HOUR SERVICE - A product that is available.during business hours
responsible persons, and is emptied of all valuahl€s at the close of business.

S, ELECTRICAL —

1-VOLTAGE - A circuit involving a potential of not more than 600 volts and
eristics in excess of those of a low-voltage, power-limited circuit;

-VOLTAGE (POWER-LIMITED)= A circuit involving a potential of not more
ing current (AC) rms, 42.4~olts direct current (DC) or AC peak, and provid
0 volt-amperes (VA) ratedvoutput. The 100 VA limit shall be provided by the
fmer, a fixed impedance, a non-interchangeable fuse, a nonadjustable manu
ve device, or a reliable regulating network;

-VOLTAGE - The voltage of any field-connected source of supply other t
lly 50 — 60 _hertz (Hz); 115, 208, or 230 volts.

3.6 CUSTOMER AECESS PANEL — That portion of an automated teller system that is mag

an authorized

customer for the performance of transactions.

The term "product” as used in this standard refers to any equipment covered by this standard.

omated teller

urrency when
of protection

bnly, is under

having circuit

than 30 volts
ling not more
design of the
bl reset circuit

han batteries,

e available to

3.7

ENCLOSURE - The word enclosure refers only to parts that enclose electrical components,

including uninsulated live parts involving a shock or energy hazard. It may be an integral part of a
component, a separate item, part of the ultimate enclosure, or the ultimate enclosure (outer cabinet).

3.8 ENERGY, RISK OF RELEASE OF — A risk of fire or electric shock due to release of energy is
considered to exist at any exposed live part of a piece of equipment if, between the exposed live part and
an adjacent exposed live or dead metal part of different polarity, there exists a potential of 2 volts or more

and either:

a) An available continuous power level of 240 VA (or more) or

b) A reactive energy level of 20 joules (or more).
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3.9 FISHING - Introducing into the product any form of lines, wires, or similar items to which one or more
hooks or other devices may be attached, that may be manipulated so as to grasp the currency or a deposit
and then withdraw it.

3.10 FORCING — The use of pry bars, screwdrivers, wrenches, or similar tools, to enlarge an opening, or
to create an opening by breaking out or distorting a part, to gain access to the currency, deposits or
records.

3.11 FREESTANDING INSTALLATION — The installation of an automated teller machine that is not
through a building wall, a counter structure, or within a kiosk or similar structure that restricts the physical
removal of the unit by requiring the damage or destruction of the structure. The freestanding automated
teller machine may be recessed into a wall, but is open on one or more sides.

3.12 LIVE PPARTS — Denotes metal or other conductive parts that, in normal use, have a potential
difference with respect to ground or any other conductive part.

3.13 MAXIMUM NORMAL LOAD - In testing a product, maximum normal l6ad’is considered to be the
load that apgroximates as closely as possible the most severe conditiohs,of normal uge. It is not a
deliberate ov¢rload except as the conditions of actual use can be more severe than the maximum load
conditions thgt are recommended by the manufacturer of the product,

3.14 OPERATOR PERSONNEL - Persons authorized to perfofm the functions defined in 3.15.

3.15 OPERATOR SERVICING — Any form of servicing that might be performed by personnel other than
those who afe trained to maintain the particular preduct. Changing ribbons is considered to be a
serviceman's|function rather than operator servicing if the act involves extensive disassembly of the
machine. Some examples of operator servicing arezas follows:

a) Theg attachment of accessories by mieans of attachment-plug caps and receptaclgs or by means
of othgr separable connectors;

b) The changing of tapes or ribbons that do not involve complicated operations;
c) Thejreplacement of recarding tapes, discs, program boards, punched cards, or paper forms;

d) Regetting of circuit-breakers, replacement of fuses, replacement of lamps that gre accessible
without the use of‘tools; and replacement of lamps likely to require frequent replacgment, such as
lamps of the projector type, whether or not the operation requires the use of tools;

e) Thg makihg of routine operating adjustments necessary to adapt the product for its different
intendedfunctions;

f) Routine cleaning, or removal of jams of data-handling media, currency, deposits and records;
and

g) The loading and removal of currency, removal of deposits, or removal of items retained by the
product.

3.16 PRODUCT — A product is a freestanding portion of a system to which an identification number is
applied. It is supported by a frame or frames and is self-enclosed or designed to be attached to another
device.

a) FIXED — A fixed product is one that is fastened or otherwise secured to the building at a specific
location;
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b) STATIONARY — A stationary product is one that is not easily moved from one place to another in
its intended use;

c) PORTABLE — A portable product is one that actually is moved or can easily be moved from one
place to another in its intended use.

3.17

REMOTE AND AUTOMATIC CONTROL - A unit of a product is considered to be remotely

controlled if it is out of sight of and removed from the user. A unit of a product is considered to be
automatically controlled if:

a) Energization of such as a motor, solenoid, or magnet will occur without manual intervention or

b) Duri

ng any single predetermined cycle of operation, automatic changing of the mechanical load

can re
branch

3.18 SECUR

dispensing, de
currency withd
a) Busi
b) 24-H
C) 24-H
3.19 SHOCH

part of a prod
available curre

3.20 TELLE
an authorized
dispensed dire

3.21 TRAPH
introduced int
prevent the d
withdrawn aftg

3.22 TRAPH

Juce the speed of a motor sufficiently to reestablish starting-winding comnng
circuit.

posits received, and components that can be operated by unauthorized pers
ut debiting to proper accounts. The security container is rated\as-follows:

hess Hour Service,
our Service — Level 1, and

our Service — Level 2.

[, RISK OF ELECTRIC — A risk of electric:shock is considered to exist at any
Lict or system if the available open-cirguit potential is higher than 42.4 volts
nt through a 1500-ohm resistance is\more than 5 milliamperes.

R'S CASH DISPENSER - A -product that will dispense currency when properl
teller or other employee of\the financial institution using the product. The cur
ctly to a customer or to the teller.

PING (CURRENCY,"DISPENSER) — The use of a device or materials W
b the product ib such a manner as to avoid detection, by an authorized uss
ispensed currency from reaching the customer. The dispensed currency
r the customer has left.

bctions to the

ITY CONTAINER - An enclosure used to provide physical security forthe curfency used for

ons to obtain

exposed live
peak and the

y operated by
rency may be

hich may be
br, in order to
can then be

uced into the

ING (PEPOSITS) — The use of a device or materials which may be introd

product in suc

h‘amanner as to avoid detection, by an authorized user, in order to prevent the¢ deposit from

reaching its security container. The deposit can then be withdrawn after the customer has left.

3.23 TWENTY-FOUR HOUR SERVICE - A product that is available for use at any time during both
business and non-business hours.

4

4.1

Installation and Operating Instructions

A copy or draft of the installation and operating instructions intended to accompany each product or

component, or equivalent information, is to be used as a guide in the examination and test of the product

or component.

4.2 The instructions shall include such directions and information as deemed by the manufacturer to be
necessary for the proper and safe installation, maintenance, and operation of the product.
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CONSTRUCT

ION

5 Enclosures

5.1 General

5.1.1

enclosure where resistance to physical attack is involved.

Additional requirements contained in Security Container, Section 13, apply to parts of the product

5.1.2 The frame and enclosure of a product shall be sufficiently strong and rigid to resist total or partial
collapse with attendant reduction of spacings, loosening or displacement of parts and development of

other conditio
personal inju

5.1.3 Them

of the produci.

disassembly

514 An er
possibility of
Ignition Test,

5.1.5 The rg
a protective b

Exception: M,
Tests for Flan
with this requ

emission of flame, molten metal, flaming or glowing/particles, or flaming d
Section 28.

brrier as described in Figure 5.1 under all areas*containing flammable material
bterials or assemblies classified as V-1 when tested in accordance with thé

nmability of Plastic Materials for Parts’in Devices and Appliances, UL 94, ne
rement.

unting means of an enclosure shall be accessible without disassembly of any|
Removal of a completely assembled panel to mount the enclosure is not co
f an operating part.

closure containing other than power-limited circuits shalkbé constructed tq

quirement in 5.1.4 necessitates either a noncombustible bottom in accordanc;

ctric shock, or

operating part
nsidered to be

minimize the
rops. See the

with 5.2.4, or

O

b Standard for
ed not comply
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Figure 5.1

Protective pan

EBVO

A — The entire component under which a barrier (flat or dished with or without a lip or other raised edge) of noncombustible material
is to be provided. The figure above is of a metal enclosed component with ventilating openings to show that the protective barrier is
required only for those openings from which flaming parts might come. If the component or assembly does not have its own
noncombustible enclosure, the area to be protected would be the entire area occupied by the component or assembly.

B — Projection of the outline of the area of (A) which needs a bottom barrier vertically downward onto the horizontal plane of the
lowest point on the outer edge (D) of the barrier.

C - Inclined line that traces out an area (D) on the horizontal plane of the barrier. Moving around the perimeter of the area (B) which
needs a bottom barrier, this line projects at a 30-degree angle from the line extending vertically at every point around the perimeter of
(A) and oriented to trace out the largest area, except that the angle may be less than 30 degrees if the barrier or portion of the bottom
cover contacts a vertical barrier or side panel of noncombustible material, or if the horizontal extension of the barrier (B) to (D) would
exceed 6 inches (150 mm).

D — Minimum outline of the barrier, except that the extension B—D need not exceed 6 inches (150 mm) (flat or dished with or without
lip or other raised edge). The bottom of the barrier may be flat or formed in any manner provided that every point of area (D) is at or
below the lowest point on the outer edge of the barrier.
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5.1.6 A construction using individual barriers under components, groups of components or assemblies,
as specified in Figure 5.1, is to be considered as complying with the requirement in 5.1.4.

5.2 Openings

5.2.1 Openings in the top of the enclosure of desk mounted products and in the top of the enclosure of
floor mounted products more than 48 inches (1.2 m) in height shall be so located and of such size as to
prevent entry of foreign objects. Openings directly over uninsulated live parts shall not exceed 0.187 inch
(4.75 mm) in any dimension unless the configuration of the openings prevents direct entry to such parts.
See Figure 5.2 for examples of acceptable top cover designs.

FigulE‘5.2

Cross sections of top cover designs

— —

SLANTEDOPENINGS

LLL

EG500 VERTICAL OPENINGS

5.2.2 There shall not be openings directly over uninsulated live parts involving risk of electric shock and
release of energy in the top of the enclosure of a floor mounted unit 48 inches (1.2 m) or less in height.

5.2.3 Openings in the sides of the enclosure shall be so located and of such size as to prevent entry of a
foreign object and to prevent personnel contact with internal parts. See also 5.6.1 — 5.6.12. Louvers may
be used if shaped to deflect external falling objects outward. See Figure 5.3 for examples of louver
designs.
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5.2.4 Ventilg
containing m3
materials from
handling area
requirement. 4
bottom panel
mm) center-to
Ignition Test, S

Figure 5.3

Louvers

INSIDE OUTSIDE

'
OUTWARD PROJECTION

INSIDE OUTSIDE

EC510 INWARD:*PROJECTION

terials not classified at least V-1 (see 5.1.5), if constructed in a manner
falling directly from the interior of the product onto the supporting surface
or any other location . under the product. Figure 5.4 illustrates a type of baffle t

ection 28«

ting openings may be provided in the bottom panels or protective pans

\ second type of .Construction which may be used is a 0.040-inch (1.02-mn
n which 5/64-ineh-(2.0-mm) maximum round holes are spaced no closer thar
center. Other constructions may be used provided they comply with the requirements of the

under areas
that prevents
Dr into an air-
hat meets this
n) sheet-steel
1/8 inch (3.2
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Figure 5.4
Baffle

2X BUT NEVER LESS

__/THAN 1"(25.4mm)
—

BAFFLE PLATES
(MAY BE BELOW
BOTTOM OF MACHINE)

o ] —_
) C— C3 4

—1 <

BOTTOM OF MACHINE
EB141

5.2.5 The bpttom of the enclosure under areas containing only materials classified as at|least V-1 (see
5.1.5) may have openings not larger than 4/16 inch? (40.3 mm?).

5.2.6 Openipgs may be used without limitation of the size or number of openings in areas:
a) Containing PVC, TFE,.CTFE, FEP, or neoprene insulated wire cable;
b) Containing plugs-and receptacles; and

¢) Under impedance protected or thermally protected motors.

5.2.7 Openings in the enclosure shall not give access to any relays, terminals, confrbls, or related
components that might be subject to tampering by hand or with tools smaller in diameter than the probe
shown in Figure 5.5 that will affect the security of the product.
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Figure 5.5

Probe for hand-held units and hand-held portions of units

1/4 INCH
(6.4 mm)DlA‘

7——— CONVENIENT ———== =—/ 1/8 INCH

PA190

5.3 Cast melal

5.3.1 The thigkness of cast metal for anenclosure shall be as indicated in Table 5.1.

Table 5.1
Cast-metal enclosures

Minimum thickness
Cast metal jof other than
Die-cast metal, the die-past type,
Usd, or'difmensions of area involved? inch (mm) inch (mm)

Area of 24 square inches (155 cm¥) or less having no dimension 1/16 1.6 1/8 3.2
greater than 6 inches (152 mm)
Area greater than 24 square inches (155 cm?) or having any 3/32 2.4 1/8 3.2
dimension greater than 6 inches (152 mm)
At a threaded conduit hole 1/4 6.4 1/4 6.4
At an unthreaded conduit hole 1/8 3.2 1/8 3.2

2 The area limitation for metal 1/16 inch (1.6 mm) in thickness may be obtained by the provision of reinforcing ribs subdividing a
larger area.

5.4 Sheet metal

5.4.1 The thickness of sheet metal used for the enclosure of a product shall not be less than that
indicated in Table 5.2 or Table 5.3, whichever applies.
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Table 5.2
Minimum thickness of sheet metal for electrical enclosures
carbon steel or stainless steel
With supporting frame or equivalent
Without supporting frame? reinforcing® Minimum thickness
Uncoated, Metal coated,
Maximum width,” | Maximum length,® | Maximum Width,”> | Maximum length, inch (mm) inch (mm)
inches (M) | inches (cm) | inches (cm) | inches  (cm) [MSG] [GSG]
4.0 (10.2) Not limited 6.25 (15.9) Not limited 0.020 (0.51) 0.023 (0.58)
4.75 (12.1) 5.75 (14.6) 6.75 (17.1) 8.25 (21.0) [24] [24]
6.0 (1512 Nottimitett 95 24 Nottimitett 6-626 {6-66Y 6029 (0.74)
7.0 (1718) 8.75 (22.2) 10.0 (25.4) 12.5 (31.8) [22] [22]
8.0 (2013) Not limited 12.0 (30.5) Not limited 0.032 (0.81) 0]034 (0.86)
9.0 (2219) 11.5 (29.2) 13.0 (33.0) 16.0 (40.6) [20] [20]
125 (3118) Not limited 19.5 (49.5) Not limited 0.042 (1.07) 0]045 (1.14)
14.0 (356) 18.0 (45.7) 21.0 (53.3) 25.0 (63.5) [18] [18]
18.0 (45]7) Not limited 27.0 (68.6) Not limited 0.053 (1.35) 0]056 (1.42)
20.0 (5018) 25.0 (63.5) 29.0 (73.7) 36.0 (914) [16] [16]
22.0 (55]9) Not limited 33.0 (83.8) Not limited 0.060 (1.52) 0]063 (1.60)
25.0 (63]5) 31.0 (78.7) 35.0 (88.9) 43.0 (109.2) [15] [15]
25.0 (635) Not limited 39.0 (99.1) Not limited 0.067 (1.70) 0}070 (1.78)
29.0 (73]7) 36.0 (91.4) 41.0 (104.1) 51.0 (129.5) [14] [14]
33.0 (83]8) Not limited 51.0 (129.5) Not limited 0.080 (2.03) 0j084 (2.13)
38.0 (9615) 47.0 (119.4) 54.0 (1372) 66.0 (167.6) [13] [13]
42.0 (104.7) Not limited 64.0 (162.6) Not limited 0.093 (2.36) 01097 (2.46)
47.0 (119.4) 59.0 (149.9) 68:0 (172.7) 84.0 (213.4) [12] [12]
52.0 (133.1) Not limited 80.0 (203.2) Not limited 0.108 (2.74) 0.111 (2.82)
60.0 (153.4) 74.0 (188.Q) 84.0 (213.4) 103.0 (261.6) [11] [11]
63.0 (164.0) Not limited 97.0 (246.4) Not limited 0.123 (3.12) 0}126 (3.20)
73.0 (184.4) 90.0 (228.6) 103.0 (261.6) 127.0 (322.6) [10] [10]
@ A supporting frame is a strycture of angle or channel or a folded rigid section of sheet metal which is rigidly attacted to and has
essentially the spme outside\dimensions as the enclosure surface and which has sufficient torsional rigidity to resigt the bending
moments which may be.applied via the enclosure surface when it is deflected. Construction that is considered to hfve equivalent
reinforcing may pe aecomplished by designs that will produce a structure that is as rigid as one built with a frame of angles or
channels. Construction considered to be without supporting frame includes:

1) A single sheet with single formed flanges (formed edges),

2) A single sheet which is corrugated or ribbed, and

3) An enclosure surface loosely attached to a frame, for example, with spring clips.

® The width is the smaller dimension of a rectangular sheet metal piece which is part of an enclosure. Adjacent surfaces of an
enclosure may have supports in common and be made of a single sheet.

¢ For panels which are not supported along one side, for example, side panels of boxes, the length of the unsupported side shall be

limited to the dimensions specified unless the side in question is provided with a flange at least 1/2 inch (12.7 mm) wide.
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Minimum thickness of sheet metal for electrical enclosures

Table 5.3

aluminum, copper, or brass

Without supporting frame®

With supporting frame or equivalent
reinforcing?

Maximum width,°

Maximum length,®

Maximum width,”

Maximum length,

Minimum thickness,

inches (cm) inches (cm) inches (cm) inches (cm) inch (mm)
3.0 7.6 Not limited 7.0 17.8 Not limited 0.023 0.58
3.5 8.9 4.0 10.2 8.5 21.6 9.5 241
4.0 10.2 Not limited 10.0 254 Not limited 0.029 0.74
5.0 127 60 152 105 267 135 343
6.0 [15.2 Not limited 14.0 35.6 Not limited 0.086 0.91
6.5 16.5 8.0 20.3 15.0 38.1 18.0 457
8.0 P0.3 Not limited 19.0 48.3 Not limited 0.045 1.14
9.5 P41 11.5 29.2 21.0 53.3 25.0 63.5
12.0 B0.5 Not limited 28.0 711 Not limited 0.058 1.47
14.0 B5.6 16.0 40.6 30.0 76.2 37.0 94.0
18.0 5.7 Not limited 42.0 106.7 Notlimited 0.075 1.91
20.0 0.8 25.0 63.4 45.0 114.3 550 139.7
25.0 3.5 Not limited 60.0 152.4 Not limited 0.095 2.41
29.0 3.7 36.0 914 64.0 162.6 78.0 198.1
37.0 D4.0 Not limited 87.0 221.0 Not limited 0.122 3.10
42.0 106.7 53.0 134.6 93.0 2362 114.0 289.6
52.0 32.1 Not limited 123.0 3124 Not limited 0.153 3.89
60.0 152.4 74.0 188.0 130.0 330.2 160.0 406.4

1) A single sheet with single formed flanges (formed edges),

2) A single sheet which is'corrugated or ribbed, and

3) An enclosure surface.oosely attached to a frame, for example, with spring clips.

@ A supporting frgme is a structure of angle or channel or a folded rigid section of sheet metal which is rigidly attach¢d to and has
essentially the sgme outside dimensions as the enclosure'surface and which has sufficient torsional rigidity to resis{ the bending
moments which hay be applied via the enclosure surface when it is deflected. Construction that is considered to hgve equivalent
reinforcing may e accomplished by designs that wilkproduce a structure which is as rigid as one built with a frame pf angles or
channels. Construction considered to be without supporting frame includes:

® The width is the smaller dimension of a rectangular sheet metal piece which is part of an enclosure. Adjacent surfaces of an
enclosure may h@ve supportsin common and be made of a single sheet.

¢ For panels whidh are notstupported along one side, for example, side panels of boxes, the length of the unsupported side shall be
limited to the dimensiens'specified unless the side in question is provided with a flange at least 1/2 inch (12.7 mm) wide.

5.4.2 A sheet metal member to which a wiring system is to be connected in the field shall have a
thickness of not less than 0.032 inch (0.81 mm) if of uncoated steel, of not less than 0.034 inch (0.86 mm)

if of galvanized steel, and of not less than 0.045 inch (1.14 mm) if of nonferrous metal.

5.5 Nonmetallic

5.5.1 If nonmetallic material is used for an enclosure, it shall be judged in accordance with 5.5.2 and

shall have a wall thickness of not less than 1/16 inch (1.6 mm).

5.5.2 Among the factors taken into consideration when evaluating the acceptability of a nonmetallic

enclosure are:

a) The mechanical strength;
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b) Resi

stance to impact;

¢) Moisture-absorptive properties;

d) Flammability and resistance to ignition from electrical sources;

e) Dielectric strength, insulation resistance, and resistance to arc tracking; and

f) Resistance to distortion and creeping at temperatures to which the material may be subjected.

All these facto
5.6 Accessj
5.6.1 Theu

protection is
them. Insulate

5.6.2 Devicés using glass envelopes, such as electron tubes, glass-encleséd relays, and
sed or protected against mechanical damage.

shall be enclo

56.3 Fanb
reduce the lik

5.6.4 Anint
is removed or

5.6.5 Thed
of the produd

acceptable dggree of exposure of mechanical parts. Other factors taken into consideratio

the acceptabi
a) Deg
b) Sh4
c) Ris}
d) Sps

e) Ris

bility of li I |

hinsulated live parts and hazardous parts of a product shall be so located or
brovided against the risk of fire, electric shock or accident from unintentional contact with

ades, blower wheels, pulleys, belts, and similar parts shall be so enclosed or
blihood of injury to persons.

brlocking mechanism which operates to diseonnect power to a motor when a

bgree of protection required in 5.6.3'depends upon the general design and th

rs are considered with respect to aging.

d brush caps do not require an additional enclosure.

opened for access to moving parts is considered to provide compliance with 5

t. The location where the produet ordinarily will be used is considered wh

ity of exposed moving parts are the:

ree of exposure;

rpness of the moving parts;

of accidental.contact with the moving parts;

ed of movement of those parts; and

:

enclosed that

| similar parts,

guarded as to

cover or panel
6.3.

intended use

n judging the
in evaluating

ts where belts

offingers, arms, or clothing being drawn into the moving parts such as at poir

travel

OTtoa pultey orwhere Tmoving parts close i a pinching or shearing actior:

5.6.6 Where the starting or restarting of a motor driving a moving part such as described in 5.6.3 is
provided by an automatic cycling device such as an overcurrent device or thermal protector, the
requirement of 5.6.3 will require the use of a guard if the part is exposed when making operating
adjustments or changing replaceable parts or if the part is accessible without requiring the use of tools.

5.6.7 With reference to 5.6.6, the scroll of a centrifugal blower may be used as a guard for the blower

wheel.

5.6.8

If any part of the external enclosure of a product must be removed for operator servicing, that part

shall be removed before the product is examined in connection with the requirement in 5.6.1.
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5.6.9 The following parts may be used for securing doors, covers, and panels that are not opened or
removed for operator servicing if supplementary guards or similar parts are provided as described in 14.1

-14.3:

a) Thumbscrews;

b) Fing

er latches;

c) Screwdriver-, wrench-, and coin-operated latches;

d) Mag

e) Simi

5.6.10 Pane
mentioned in ;

parts. See als¢ 5.6.7.

5.6.11 In th
diameter rod n

a) Figl
inserte

b) Fiay

An opening th
in 5.6.6. See H

netic and spring latches that cannot be accidentally bumped open; and

lar parts that result in reliable holding of a door or cover or support of a panel.

s as described in 5.6.9 are not to be opened or removed for the application
p.6.4 and 5.6.5 in connection with the investigation of the accessibility-oflive

)

-

enclosure of a unit an opening that does not permit entrance of 3/4-in
nay be used if a probe as illustrated in:

ire 5.6 cannot be made to touch any uninsulated live{part or hazardous mov
d through the opening and

re 5.7 cannot be made to touch film-coated wire\while inserted through the op¢

bt permits entrance of a 3/4-inch diameter‘\rod may be used under the conditi
igure 5.8.

of the probes
or hazardous

ch (19.1-mm)

ing part while

Ening.

bns described
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Figure 5

.6

Probe for uninsulated live parts
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Figure 5.7

Probe for film-coated wire
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Figure 5.8

Opening in enclosure
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The opening may be used if, within the enclosure, there is no uninsulated live part or film-coated wire less than X inches (mm) from
the perimeter of the opening, as well as 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).


https://ulnorm.com/api/?name=UL 291 2021.pdf

24 UL 291 MAY 7, 2021

5.6.12 The opening illustrated in Figure 5.8 may be used if, within the enclosure, there is no uninsulated
live part or film-coated wire:

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

b) Within the volume generated by projecting the perimeter "X" inches normal to its plane.

"X" equals five times the diameter of the largest-diameter rod that can be inserted through the opening, but
is not less than 4 inches (102 mm). In evaluating an opening, any barrier located within the volume is to be
ignored unless it intersects the boundaries of the volume in a continuous closed line.

5.7 Interlocks and protective devices

571 An intlarlock provided for the purpose of protecting an operator or servicemamagainst injury or
electric shock ghall be of a type or in such a location that it requires an intentional operation tp bypass.

5.7.2 The bypass means shall be such that the interlock is self-restoring asythe unit is feturned to its
intended operation.

5.7.3 A profective device provided to remove a stored-energy charge from an interngl circuit shall
operate automatically when the circuit is de-energized.

5.8 Covers

5.8.1 An endlosure cover shall be hinged, sliding, pivoted-or similarly attached so as to prgvent its being
removed if it:

a) Givgs access to fuses or any other overcurrent protective device, the intended functioning of
which requires renewal; or

b) Is ngcessary to open the cover:in_connection with the intended operation of the profuct.

5.8.2 If the fyise(s) enclosed is intended to provide protection to portions of internal circuits| such as may
be used on a|separate printed-wiring board or circuit subassembly to prevent excessive cjrcuit damage
resulting from jp fault, a hinged'cover is not required. The following or equivalent marking shall be indicated
on the cover if|the risk of eléctric shock is present:

"CAUTION - Circuit Fuse(s) — Disconnect Power Prior To Servicing."

5.8.3 Where|a-hinged cover is required, it shall be provided with a latch, screw, or catch to hold it closed.
The hinged cover of a product intended to be installed where it will be accessible to other than authorized
personnel shall be provided with a key lock or with a screw requiring a tool for removal.

6 Corrosion Protection

6.1 Iron and steel parts, other than bearings and similar parts where such protection is impractical, shall
be protected against corrosion by enameling, galvanizing, sherardizing, plating, or other means
determined to be equivalent.

Exception No. 1: This requirement does not apply to minor parts, such as washers, screws, bolts, and
similar parts if the failure of such unprotected parts would not be likely to result in a hazardous condition or
adversely affect the operation of the product.
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Exception No. 2: Parts made of stainless steel, polished or treated, if necessary, do not require additional
protection against corrosion.

6.2 The requirementin 6.1 applies to all enclosures of sheet steel or cast iron and to all springs and other
parts upon which proper mechanical operation may depend.

6.3 Bearing surfaces shall be of such materials and design as to resist binding due to corrosion.

6.4 Metal shall not be used in combinations such as to cause galvanic action.

7 Field-Wiring Connections

7.1 Genera

7.1.1  Wiring
required by th

7.2 Supply
7.21

7211
cable or cond

Exception: A
nonmetallic-e
indicating the

7.2.2 Cord-

7.2.2.1 Port
or disconnect|
connection to

7222 The
maximum cur
SJO, SJT, SJ
feet if the use

Permanently-connected equipment

A product intended for permanent installation shall-have provision for connection

terminals or leads shall be provided for connection of conductors \of at
e National Electrical Code, ANSI/NFPA 70.

connections

Lit, or a nonmetallic-enclosed wiring system, forexample, nonmetallic sheathe

n enclosure without provision for the“connection of metal-clad cable,
hclosed wiring system may be used\if there are furnished with it defini
section(s) of the product intended ta'be drilled in the field for the connection(s)

connected equipment
bble equipment and fixed or stationary equipment, requiring cord connections {
on for maintenance_and repair, may be provided with a flexible cord and attac

the supply source.

type of cor@:and plug used for the connection shall be determined to be acc

TO, SO,-ST, or STO and not less than 6 feet (1.8 m) in length. The cord may
of the-longer cord may result in a hazard.

least the size

of metal-clad
d cable.

conduit, or a
fe instructions

o facilitate use
hment plug for

bptable for the

rent and-voltage to which the product will be subjected in service. The flexibl¢ cord shall be

be less than 6

7.2.2.3 Afie

a) The

Id-wiring terminal shall comply with the requirements in:

Standard for Wire Connectors, UL 486A-486B;

b) The Standard for Equipment Wiring Terminals for Use with Aluminum and/or Copper

Condu

ctors, UL 486E;

c¢) The field-wiring requirements (Code 2) in the Standard for Terminal Blocks, UL 1059;

d) The field-wiring requirements in the Standard for Electrical Quick-Connect Terminals, UL 310; or

The current-carrying parts shall be silver, copper, a copper alloy, or a similar nonferrous conductive
material. Securing screws and similar parts may be plated steel. Equipment provided with quick-connect
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terminals intended for field termination of electrical conductors to the equipment and complying with UL
310 shall be provided with strain relief and the installation instructions shall include instructions for
effecting the strain relief and include reference to the specific connectors to be used.

7.3 Field-wiring terminals
7.3.1 High-voltage circuits

7.3.1.1 The terminals to which wiring connections are made are to consist of binding screws with
terminal plates having upturned lugs or the equivalent to hold the wires in position. Other terminal
connections may be provided if determined to be equivalent. See 7.2.2.3.

7.3.1.2 A fie
accomplished

Id-wiring terminal shall be secured against turning or shifting in position.,
by the following means:

This may be

a) Twolscrews or rivets;

b) Square shoulders or mortises;
c) A dowel pin, lug, or offset; or

d) A connecting strap or clip fitted into an adjacent part.

Friction betws ement of the

terminals.

en surfaces shall not be provided as the sole~means for preventing moy

7.3.1.3 A wire binding screw intended for connection.to the power supply (line voltage) squrce shall not

be smaller thah No. 10 (4.8 mm diameter). The sctew may be of plated steel.

Exception: A No. 8 (4.2 mm diameter) screw may be used for the connection of one 14 AWG
smaller condugtor and a No. 6 (3.5 mm.diameter) screw may be used for the connection of
(1.3 mm?) or smaller conductor.

7.3.1.4 A wirg binding screw shall'thread into metal.

7.3.1.5 Except as noted.in'7.3.1.6, a terminal plate tapped for a wire binding screw shall b
less than 0.090 inch (1£27mm) in thickness for a No. 8 (4.2 mm diameter) or larger screw
than 0.030 inch (0.76 mm) in thickness for a No. 6 (3.5 mm diameter) screw and shall have

b (2.1 mm?) or
one 16 AWG

e of metal not
and not less
no fewer than

two full threads in.the metal.

7.3.1.6 A terminal plate formed from stock having the minimum required thickness may have the metal
extruded at the tapped hole for the binding screw so as 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 using tightening torques conforming with the values indicated in the Standard for Wire Connectors,
UL 486A-486B.

7.3.2 Low-voltage circuits

7.3.2.1 Terminals in low-voltage circuits to which field connections are to be made shall consist of any of
the following configurations:

a) Same as for high-voltage circuits, see 7.3.1.1 - 7.3.1.6.

b) Nonferrous wiring binding screws not smaller than No. 4 (2.8 mm diameter) for a 19 AWG (0.65
mm?) or smaller conductor.
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c) Nonferrous solder lugs.

d) Terminal connections determined to be equivalent to any of the above.

7.4 Leads

7.41

7411

General

Wiring of circuits which operate at different potentials shall be separated by barriers, clamps,

routing, or other means determined to be equivalent, unless all conductors are provided with insulation
rated for the highest voltage involved.

7.4.2 High-yoltage circuits

7.4.21
in length if th
smaller than 1
to be equivale

7.4.3 Low-voltage circuits

!

7431 Lea
in length if th
smaller than
determined tg

Exception: Sg

a) The
excee

b) The
to be ¢

c) The)

d) The
than 1

Leads provided for field connections in high-voltage circuits may be less than 6 ind

use of longer leads might result in damage to the insulation. In addition, lea
4 AWG (2.1 mm?), have insulation not less than 1/32 inch (0.8 mm) thick or th
nt, and be provided with strain relief.

s provided for field connections in low-voltage ciredits may be less than 6 ing
use of longer leads might result in damage to the insulation. In addition, lea
22 AWG (0.36 mm?), have insulation not less than 1/64 inch (0.4 mm
be equivalent, and be provided with strainréelief.

lid copper leads as small as 26 AWG{0. 13 mm?) may be used if:

current does not exceed 1 ampere for lengths up to 2 feet (61 cm) and the cU
)/ 0.4 ampere for lengths up 040 feet (3.05 m),

re are two or more conductors and they are covered by a common jacket or th
quivalent,

assembled conductors comply with the requirement in 30.2.1 for strain relief, &

installation_instructions shall indicate that the lead shall not be spliced to a cq
8 AWG (0,82 mm?).

7.5 Equiprr1ent grounding connection

hes (152 mm)
Is shall not be
at determined

hes (152 mm)
s shall not be
thick or that

rrent does not

at determined

nd

nductor larger

7.51

A product shall be provided with an identified separate equipment grounding terminal or lead. The

grounding means shall be connected to all exposed dead metal parts and all dead metal parts within the

enclosure whi

7.5.2 Thefo

ch are exposed to contact during servicing or use.

llowing are considered to constitute means for grounding:

a) A knockout or equivalent opening in the metal enclosure, in a product intended to be

perma

nently connected by a metal-enclosed wiring system or

b) An equipment grounding terminal or lead, in a product intended to be connected by a nonmetal-
enclosed wiring system such as nonmetallic-sheathed cable or multiple-conductor cord.

7.5.3 A field-wiring terminal screw intended for the connection of an equipment-grounding conductor
shall have a green-colored head that is hexagonal, slotted, or both. A pressure wire connector intended for
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connection of such a conductor shall be plainly identified, using an appropriate symbol such as "G," "GR,"
"GROUND," "GROUNDING," or equivalent marking, or by a marking on a wiring diagram provided on the
product. The field-wiring terminal shall be so located that it is unlikely to be removed during normal
servicing of the product and shall be of such size as to receive a conductor as large as the supply
conductors to the product.

7.5.4 The surface of an insulated lead intended solely for the connection of an equipment-grounding
conductor shall be green, with or without one or more yellow stripes. No other lead shall be so identified.
The lead shall be at least 6 inches (152 mm) long unless it is evident that the use of longer leads would
result in a hazard. The lead shall be a conductor as large as the supply conductors for the product.

7.5.5 If a multiple-conductor cord is used, the insulation of the grounding conductor shall be green, with

or without onefor more yellow stripes. The grounding conductor shall be secured to the grou
or lead at the |enclosure and to the grounding blade or equivalent contacting member ©f,a
plug cap. In np case shall a green-identified conductor of a cord be used as a circuitycondu

nding terminal
h attachment-
ctor. Ordinary

solder alone shall not be used for securing the grounding conductor.
7.6 Groundéd supply conductor connection

7.6.1 A field-wiring lead intended for the connection of a grounded(power-supply condlictor shall be

finished to shgw a white or gray color and shall be readily distinguishable from the other lead

"z

7.6.2 A field{wiring terminal intended for the connection of a:grounded (neutral) power-sugply conductor
shall be identified by means of a metallic plated coating substantially white in color and shall be readily
distinguishabl¢ from the other terminals, or proper identification of the terminal shall be cldarly shown in
some other manner, such as on an attached or referenced wiring diagram.
7.7 Field-wiring compartments
771 Acom

assure proper
internal compq

ent volume to
b insulation or

bartment provided for making;field connections in a product shall be of suffici
connections to all field-wiring terminals and/or leads without damage to wire
nents.

7.7.2 Protec
insulation or n

ion from sharp,edges for the internal components and wire insulation shall b
etal barriers having smooth, rounded edges.

e provided by

7.8 Strain rdlief

7.8.1 A strain.relief means shall be provided for a power supply cord and supply leads t
transmission of stresstotermimats; intermat conmectiorns,; or COMmpoTTeTrts.

o prevent the

7.8.2 Clamps of any material (metal or otherwise) may be used on cords and supply leads without
varnished-cloth insulating tubing or the equivalent under the clamp unless the tubing or the equivalent is
necessary to prevent the clamp from damaging the cord or supply leads.

7.8.3 Means shall be provided to prevent the supply cord or supply leads from being pushed into the
product through the cord-entry hole if such displacement is likely to subject the cord or supply leads to
mechanical damage, or to exposure to a temperature higher than that for which the cord or supply leads
are rated, or is liable to reduce spacings (such as to a metal strain-relief clamp) below the minimum
acceptable values, or is likely to damage internal connections or components.
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8 Internal Wiring

8.1 General

8.1.1 Internal wiring shall have insulation rated for the potential involved and the temperatures to which it

may be subjected. The wiring shall be routed away from moving parts and sharp projections and held in
place with clamps, string ties, or equivalent means, unless it is of sufficient rigidity to retain a shape form.
Conductors that are used for grounding do not require insulation unless needed for identification.

8.1.2 Leads or a cable assembly connected to parts mounted on hinged covers or moving parts shall be
flexible and of sufficient length to permit the full opening of the cover without applying stress to the leads or
their connections. The leads shall be secured or equivalently arranged to prevent abrasion of insulation

and jamming

8.1.3
like), electricq
compression,
thickness sha
chloride tubin
(0.43 mm). Fq
the required n
equal to 0.107

8.1.4 Intern
clamps, routi
insulation whi

8.1.5 Strang
strands solde

8.2 Barriers

8.2.1 Ifaba
mm) thick an
normal produ

If the dise of a short length of insulated conductor is not feasible (for example, |short

between parts of the enclosure.

| insulating tubing may be used. The tubing is not to be subjected-to~sharp b
or repeated flexing, and is not to contact sharp edges, projections, or cor

coil lead or the
ends, tension,
hers. The wall

Il conform to the requirements for such tubing, except thatfor smaller siz¢s of polyvinyl

b, 3/8-inch (9.5-mm) or less, the wall thickness at any point shall not be less t
r insulating tubing of other types, the thickness shall not be)less than that requ
nechanical strength, dielectric properties, heat- and meisture-resistant characts
-inch thick polyvinyl chloride tubing.

al wiring of circuits which operate at different’potentials shall be separatg
ng, or other means determined to be equivalent unless all conductors are
ch is rated for the highest potential and temperature involved.

ed conductor clamped under wire-binding screws or similar parts shall have
red together or equivalently arranged.

rrier of insulating material is used to separate wiring, it shall not be less than 0
H shall be of thickness sufficient to ensure that movement of the wires durir

han 0.017 inch
ired to provide
pristics at least

d by barriers,
provided with

the individual

028 inch (0.71
g servicing or

ct operation will-not deform the barrier and reduce the separation. Any cleafance between

the edge of a parrier andya.compartment wall shall not be more than 1/16 inch (1.6 mm).
8.3 Wireways
8.3.1  Wirewayssitattbe—smoothand—free—fromsharpedges,; burrs,firs,or moving pa

cause abrasion of the conductor insulation. See 8.5.1 — 8.5.6.

8.4 Splices

8.4.1 Allspli

ces and connections shall be mechanically secure and bonded electrically.

ts which may

8.4.2 A splice shall be provided with insulation equivalent to that of the wires involved if permanence of
spacings between the splice and uninsulated metal parts is not assured.

8.4.3 Splices shall be located, enclosed, or supported so they are not subject to damage, flexing, motion,

or vibration.
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8.5 Bushings

8.5.1 At a point where a lead or wire harness passes through an opening in a wall, barrier, or enclosing
case, there shall be a bushing or the equivalent which shall provide a smooth, rounded surface against

which the wire

8.5.2

may bear.

If the cord hole is in phenolic or other non-conductive material or in a metal of thickness greater

than 0.042 inch (1.07 mm), a smooth, rounded surface at the hole is considered to be the equivalent of a

bushing.

8.5.3 Ceramic materials and some molded compositions may be used for insulating bushings; but
bushings of wood or hot-molded shellac may not be used.

8.5.4 Ordina

a) It w
conditi

b) The

c) It wil

8.5.5 A soft

(1.2 mm) in thi
other substan
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into the rubber.
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insulating mat
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subject to mg
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'y vulcanized fiber may be used where:
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NS,
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not be exposed to moisture.
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ulating metal grommet may be~used in lieu of an insulating bushing, pro
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Hed operating
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9 Bonding for Grounding

9.1

Exposed noncurrent carrying metal parts likely to become energized shall be bonded to the point of

connection of the field equipment grounding terminal or lead and to the metal surrounding the knockout,
hole, or bushing provided for field power supply connections.

9.2 Uninsulated metal parts of cabinets, electrical enclosures, and mounting brackets, capacitors, and
other electrical components likely to become energized are to be bonded if they may be contacted by the
user or by service personnel in servicing the equipment.

9.3 A bonding conductor shall be of material determined to be acceptable for use as an electrical
conductor. If of ferrous metal, it shall be protected against corrosion by painting, plating, or the equivalent.
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The conductor shall have the current carrying capacity of the maximum size wire used in the circuit wiring
of the component or part, and shall be installed so that it is protected from mechanical damage.

9.4 The bonding shall be by a positive means, such as clamping, riveting, bolted or screwed connection,
brazing, or welding. The bonding connection shall reliably penetrate non-conductive coatings such as
paint. Bonding around a resilient mount shall not depend on the clamping action of rubber or similar
material.

9.5 A bolted or screwed connection that incorporates a star washer under the screwhead may be used
for penetrating non-conductive coatings where required for compliance with 9.4.

9.6 Two or more screws or two full threads of a single screw engaging metal may be used where the
bonding means depends upon screw threads.

9.7 Two fulllthreads for a single screw are not required if a lesser number of threads resylts in a secure
connection inl which the threads will not strip using the tightening torques conforming with the values
indicated in the Standard for Wire Connectors, UL 486A-486B.

9.8 Splices [shall not be used in wire conductors used to bond electrical’enclosures or ¢ther electrical
components.

10 Electrical Components
10.1 Printed-wiring boards

10.1.1  The pecuring of components to the board shall be made in a reliable manner and the spacings
between circyits shall comply with the requirements’in Spacings, Section 11. The board shall be mounted
so that deflection of the board during servicing-shall not result in damage to the board or in @ risk of fire or
electric shock
10.2 Coil windings

10.2.1 Insulation of coil windings or relays, transformers, and similar parts shall be of the moisture
resistant type

10.2.2 Film-coated wire-is not required to be given additional treatment to prevent moisturg absorption.

10.3 Switches

10.3.1 A switch provided as part of a product shall be rated for the current and voltage of the circuit that it
controls when the product is operated under any condition of intended service.

10.4 Semiconductors

10.4.1  Semiconductors shall be rated for the intended application under all environmental conditions to
which they will be exposed in service.

10.4.2 The performance tests of the complete product are intended to show the effects of these
conditions. The specified tests may be supplemented where conditions exceeding those represented by
the tests indicated in this standard may be encountered.
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10.5 Lampholders and lamps

10.5.1

used when the product is operated under intended service conditions.

Lampholders and lamps shall be rated for the current and voltage in the circuit in which they are

10.5.2 The outer shell of any lampholder in a product shall be connected to the identified (grounded)

conductor, if it

is in a high-voltage circuit.

10.5.3 A lampholder shall be installed so that uninsulated high-voltage live parts other than an outer shell
will not be exposed to contact by persons removing or replacing lamps.

10.6 Protec

10.6.1 Fuse

10.7.1 Acur
equivalent per

10.7.2 Beari
fixed and mov

10.8 Insulat

10.8.1
molded compq

10.8.2 Polyn
mechanical st
moisture, and

10.8.3 Vulca
as the sole su

10.8.4 The
composition, |

Iolders, fuses, and circuit breakers provided on a product shall be rated for. the

10.7 Current-carrying parts

Matefial for the mounting of current-carrying-parts shall be porcelain, phenolic con

rent-carrying part shall be of silver, copper, a copper alloy, ot other material th
formance.

ngs, hinges, and similar parts, shall not be used for ¢arrying current betwee
ng parts.

ng material

sition, or material determined to be ‘€quivalent.

neric materials may be used\for the sole support of uninsulated live parts if
ength and rigidity, dielectric.withstand, resistance to heat, flame propagation,
pther properties equal toror exceeding the minimum level as a result of aging.

hized fiber may be'used for insulating bushings, washers, separators, and b3
pport of live parts.

hickness-0f a flat sheet of insulating material such as impregnated compositic
sed forpanel-mounting of parts, shall not be less than that indicated in Table 1

application.

at will provide

n interrelated

position, cold

ound to have
arcing, creep,

rriers, but not

n or phenolic
0.1.

Table 10.1
Thickness of flat sheets of insulating material
Maximum dimensions
Length or width, Area, Minimum thickness,?

inches (cm) inches? (cm?) inch (mm)

24 60.9 360 2322 3/8 9.5

48 122.0 1152 7432 1/2 12.7

48 122.0 1728 11,148 5/8 15.9
over 48 122.0 over 1728 11,148 3/4 191

& Material less than 3/8 inch (9.5 mm) thick may be used for a panel if the panel is adequately supported or reinforced to provide
rigidity not less than that of a 3/8 inch sheet. Material less than 1/8 inch (3.2 mm) may be used for subassemblies, such as
supports for terminals for internal wiring, resistors, and other components.
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10.8.5 A terminal block mounted on a metal surface shall be provided with an insulating barrier between
the mounting surface and all live parts on the underside of the base that are not staked, upset, sealed, or
equivalently prevented from loosening so as to prevent such parts and the ends of replaceable terminal
screws from coming in contact with the supporting surface.

10.8.6 A countersunk part that is sealed shall be covered with a waterproof insulating compound that will
not melt at a temperature 15°C (27°F) higher than the maximum normal operating temperature of the
assembly, and at not less than 65°C (149°F) in any case. The depth or thickness of sealing compound

shall not be less than 1/8 inch (3.2 mm).

10.9 Mounting of components

10.9.1 Allc

loosening if stt

10.9.2 Unin
methods othg
position if suc

10.9.3 Fricti
mounting. A s
from turning \
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10.11

Overl

10.11.1 A
fractional-hor

mponents of a product shall be securely mounted in position and prevented 1
ch motion may reduce electrical spacings or affect the performance of the pro

sulated live parts, including terminals, shall be secured to their, supportin
r than friction between surfaces so that they will be prevented ffrom turning
h motion may result in reduction of spacings to less than those'required.

on between surfaces shall not be the sole means of preventing a device fron
mall stem-mounted switch or other device having asifngle hole mounting may
ith the use of a lock washer having both spring take*up and an interference loqg

S

h motor shall drive its maximum intehded load during operation of the p
risk of electric shock or fire.

otor winding shall resist the absorption of moisture.

load protection

continuous-duty motor in a permanently-connected product, an automatic
sepower motor(in-a product, the motor of a product intended to be operate

unattended, § motor whoSe-operation or failure to operate will not be evident to the o

continuous-du
provided shal
speed setting

ty integralthorsepower motor, shall be provided with overload protection.
be as(specified in 10.11.3. For a multispeed motor, the protection shall be
5. Seealso 10.11.4.

rom turning or
duct.

g surfaces by
) or shifting in

n turning in its
be prevented
k.

roduct without

ally controlled

d remotely or
berator, and a

The protection

effective at all

10.11.2

system, that motor shall be provided with overload protection as described in 10.11.3.

10.11.3 The

overload protection required in 10.11.2 shall consist of one of the following:

If overloading or stalling of a motor can result from manipulation of the confrols in any part of the

a) Thermal protection complying with the Standard for Overheating Protection for Motors, UL 2111;

b) Impedance protection complying with UL 2111, when tested as used in the application; or

c) Other protection that tests show is equivalent to the protection mentioned in (a).

10.11.4 A motor that drives only a blower or fan is considered to have the necessary overload protection
if it is protected against locked-rotor conditions only.
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10.11.5 A shaded-pole motor having a difference of 1 ampere or less between no-load and locked-rotor
currents and having a 2:1 or smaller ratio between locked-rotor and no-load currents is considered to have
the necessary overload protection if it is protected against locked-rotor conditions only.

10.11.6 Devices providing overload protection for motors shall be recognized for use on branch circuits
to which the product can be connected unless recognized additional protection is provided in the product.

10.11.7 A thermal or overload protective device shall not open the circuit during intended use of the
product.

10.11.8 The functioning of an overload protective device provided for a motor as part of a product,
whether or not such a device is required, shall not result in a risk of fire, electric shock, or casualty.

10.11.9 If a|product includes a motor and if the overload protection of a branch gircuitl to which the
product can He connected does not provide protection for the motor in accordance witH the National
Electrical Code, ANSI/NFPA 70, such protection shall be included in the product.

11 Spacings

11.1 A product shall provide reliably maintained spacings between uninsulated live parts and dead metal
parts and between uninsulated current-carrying parts of opposite polarity. The spacings shall not be less
than those ind|cated in Table 11.1.

Table 11,1
Minimum spacings

Minimum spacings® ¢
Voltage range,? Through air, Ovel surface,
Point pf application volts inch (mm) inch (mm)
To walls of enclogure:
Cast metallenclosures 0-300 1/4 6.4 1/4 6.4
Sheet metal enclosures 0-300 1/2 12.7 1/2 12.7
Installation wiring terminals:
With barriefs 0-30 1/8 3.2 1/8 3.2
31-150 1/8 3.2 1/4 6.4
151 -300 1/4 6.4 3/8 9.5
Without bafriers 0-30 3/16 4.8 3/16 4.8
34—450 Ha 6-4 H4 6.4
151 -300 1/4 6.4 1/4 6.4
Rigidly clamped assemblies:®
100 volt-amperes maximum® 0-30 1/32 0.8 1/32 0.8
Other parts except motors 0-30 3/64 1.2 3/64 1.2
31-150 1/16 1.6 1/16 1.6
151 -300 3/32 24 3/32 24
@ These are rms values. Equivalent direct current or peak voltages are 42.4 volts for 30 volts rms, 212 volts for 150 volts rms, and
424 volts for 300 volts rms.
b Measurements are to be made with solid wire of adequate ampacity for the applied load connected to each terminal. In no case
is the wire be smaller than 18 AWG (0.82 mm?), except that, if the maximum current input to the device is 1 ampere, the
measurement may be made with a 22 AWG wire (0.32 mm?).

Table 11.1 Continued on Next Page
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Table 11.1 Continued

Point of application

Minimum spacings® ¢

Voltage range,? Through air,

volts inch (mm) inch

Over surface,

(mm)

parts.

¢ Spacings lessthenthose-indieated s
and similar components where the spacin

¢ An insulating liner or barrier of vulcanized fiber, varnished cloth, mica, phenolic composition, or similar material used where
spacings would otherwise be insufficient, shall not be less than 0.028 inch (0.71 mm) thick; except that a liner or barrier not less
than 0.013 inch (0.33 mm) thick may be used in conjunction with an air spacing of not less than one-half of the through air spacing
required. The liner shall be located so that it will not be affected adversely by arcing. Insulating material having a thickness less
than that specified may be used if it is suitable for the particular application.

4 Rigidly clamped assemblies include such parts as contact springs on relays or cam switches, printed-wiring boards, and similar

g between adjacen

mm-ay-be-tsed-for-the-eonneetionefintegrated circuits
t connecting wires on the component is less than 1432 inch (0.8 mm).

11.2 Thesp
a) Wal
b) Fitti

c) Met
spacin

They are not {

beings "To walls of enclosure” in Table 11.1 apply between an uninsulated live
or cover of a metal enclosure,
hg for conduit or metal-clad cable, and

bl piece attached to a metal enclosure where deformatién of the enclosure is |
gs.

bart and a:

able to reduce

0 be applied to an individual enclosure of a component part within an outer englosure.

11.3  Within|motors, the spacings between uninsulated live parts of opposite polarity and between an
uninsulated liye part and a dead metal part shall not’be less than indicated in Table 11.2.
Table 11.2
Minimum spacings within motors at other than field-wiring terminals
Potential at Minimum spacings
h i -
be:wi:: I\:Lsicr Through air, Over the surface,
the spacings
are measured| | Parts involved Diameter of motor frame inch (mm) inch (mm)
0-125 volts Commutator or 7 inches (178 mm) or less? 116 1.6 1/16 1.6
collectorrings
More than 7 inches (178 mm)? 1/8° 3.2° 3/16° 4.8°
E:OCVVhCIC ;II 7 ;IIthO (173 IIIIII) UT :COOa 3[’320 24(: 3!’32(: 2.4c
the motor
More than 7 inches (178 mm)? 1/ d 3.20d 1/40:4 6.4
126 — 250 volts | Commutator or 7 inches (178 mm) or less? 116 1.6 116 1.6
collector rings
More than 7 inches (178 mm)? 3/16° 4.8b 3/16° 4.8°
Elsewhere in 7 inches (178 mm) or less® 3/32 24 3/32 24
the motor
More than 7 inches (178 mm)? 1/40:d 6.4 9 1/40.4 6.4>4
251 -600 volts | Commutator or 7 inches (178 mm) or less? 1/8 3.2 1/4 6.4
collector rings
and live parts of

Table 11.2 Continued on Next Page
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Table 11.2 Continued
Potential at Minimum spacings
the points -
between which Through air, Over the surface,
the spacings
are measured | Parts involved Diameter of motor frame inch (mm) inch (mm)
the brush
rigging
More than 7 inches (178 mm)? 1/4 6.4 3/8 9.5
Elsewhere in 7 inches (178 mm) or less® 3/84 9.5¢ 1/2¢ 12.7¢
the motor
More than 7 inches (178 mm)? 3/8¢ 9.5¢ 1/2¢ 12.7¢
@ The frame dianpeter is the diameter, measured in the plane of the laminations, of the circle circumscribing the statpr frame,

excluding lugs, b
® Spacings of no
¢ For a motor rat

surface and thro|
part.

4 Film-coated wife is considered to be an uninsulated live part. However, a spacing of not less than 3/32 inch or (2.

oxes, and similar parts, used solely for motor mounting, cooling, assembly or connection.
less than 3/32 inch (2.4 mm) may be used throughout a universal motor.
bd at 1/3 horsepower (249 watts) or less, these spacings may not be less than 1/16 inchy(1.6 mm).

Ligh air) may be used between film-coated wire (rigidly supported and held in ptace on a coil) and 3

I mm) (over the
dead metal

11.4 Film-co
product with tH

12 Customdr Access Panel

12.1 If the c|
accumulations
causing a risk
the records.

13 Security
131
13.1.1

13.1.2 Asec

General

Thesg requirements.shall apply to any enclosure as defined in 3.18.

ated wire is considered to be a bare current-carryirigypart in determining co
e spacing requirements, but film-coating may be used’as turn-to-turn insulatio

of dust, ice, snow, or rain within the-product, and to prevent severe weather c
of fire or shock or compromising.the security of the currency or deposits, or th

Container

Urity container shall be provided with a lock as follows:

mpliance of a
h in coils.

stomer access panel is to be exposed.te.weather, it shall be designed or shielded to prevent

pnditions from
e accuracy of

a) For

a business-hour service security container, a lock complying with the Sta

dard for Key

Locks, UL 437, or Combination Locks, UL /68 (Group 1, TR, 2, or 2ZM), or the Standard for
Delayed-Action Timelocks, UL 887, or high-security electronic locks, Type 1 or Type 2, complying
with the requirements for high-security electronic locks.

b) For a 24-hour service Level 1 security container, a lock complying with UL 768 (Group 1, 1R, or
2M), or UL 887, or a high-security electronic lock, Type 1, complying with the requirements for high-
security electronic locks.

c) For a 24-hour service Level 2 security container, a lock complying with UL 768 (Group 1 or 1R),
or UL 887, or a high-security electronic lock, Type 1, complying with the requirements for high-
security electronic locks.

13.1.2.1

A security container shall be permitted to optionally be provided with a secondary lock as

follows: For a business-hour, 24-hour service Level 1 or Lever 2 security container, secondary locks as
specified in 13.1.2(a).
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The customer operation manuals must caution the customer on the security risk of using a secondary lock
with a lower security rating. The manual should state that improper use of the secondary lock feature will
reduce the security level of the ATM. The manual should also describe proper operation of the primary and
secondary locks.

13.1.3 The locking mechanism is to be so designed and constructed that it may be operated to unlock
and lock the security container. The various parts of the locking mechanism shall be so constructed and
assembled that any unit or part may be repaired or replaced.

13.1.4 The moving parts of the locking mechanism and the wearing surfaces of parts such as hinges or
boltwork shall be so designed that they will resist, without detrimental effects, the wear and tear incident to

intended use.

13.1.5 The
effects, the cd

13.1.6 The
operation of I

13.1.7 The
intended for &
that when ins

force of an atiempt to remove the security container from its Iocation. The force is to be app

vertical and
accessible w
horizontal forg
devices.

a) For

b) For

Exception: If
secured to th
thick (1.22 m)
machine from

13.1.8 Fors
device(s) shd

broduct and its locking mechanism shall be so constructed as to resist,-Withg
rrosive influences to which they may be subjected in service.

rames and door hinges shall be designed to ensure proper alighment of doo
cking bolts.

security container of a 24-Hour Service, Level 1 or Level 2/ automated teller n
freestanding installation (see 3.11) shall be equipped ‘with an anchoring dev
talled in accordance with the manufacturer's instructions, will withstand the f

horizontal direction. The release mechanism~of each anchoring device
nen the door of the security container .is@pen. The ability to withstand
e can be determined by calculating the tensile and shear strength of the anch

a 24-hour service Level 1 securityycontainer, a 50,000 pound (222,411 N) stati

@ 24-hour service Level 2 security container, a 22,000 pound (97,861 N) static

the freestanding installation is within a building and the anchoring device
b building structure,it shall be attached to a steel plate at least 4 feet by 8 fe
by 2.44 m by(12:7 mm thick) or the equivalent so as to restrict the remov
the building.

ecurity. containers that are intended to be installed on concrete pads, the requ
Il be installed in concrete rated a minimum of 5,000 PSI, compression streng

This informati

ut detrimental

rs and smooth

hachine that is
ce or devices,
ollowing static
ied in both the
shall only be
he vertical or
bring device or

c force.

force.

(s) cannot be
bet by 1/2 inch
al of the teller

red anchoring
th at 28 days.

pn_shall be included in the manufacturer's installation instructions provided wit

h the device in

accordance with Tnstallation and Operating Instrucfions, Section 4.

13.1.9 A 24-Hour Service, Level 1 or Level 2, freestanding automated teller machine shall not be
equipped with wheels, skids or devices, or with features that will assist in engaging lifting devices, unless
they can be removed or rendered inoperative after the unit has been installed.

13.2 24-hour service —level 1

13.2.1 The metal in the security container body shall be equal to solid open-hearth steel at least 1 inch
(25.4 mm) in thickness, having an ultimate tensile strength of 50,000 psi (344.7 MPa), either cast or
fabricated, and shall be fastened in a manner equal to a continuous 1/4 inch (6.4 mm) penetration weld of
open-hearth steel having an ultimate tensile strength of 50,000 psi.
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13.2.2 The security container shall have a door with a minimum thickness of material equal to 1 inch
(25.4 mm) of open-hearth steel or the equivalent.

13.2.3 Materials other than solid metal may be used for the security container body construction if attack
tests using the tools specified in 35.2.1 — 35.2.3 indicate that the material has the resistance to attack at
least equal to 1 inch (25.4 mm) thick open-hearth steel having a tensile strength of 50,000 psi (344.7
MPa). The material must resist for 5 minutes, an attack as specified in Test of Currency Security Container
— 24-Hour Service, Section 35, for 24 Hour Level 1 rated devices.

13.2.4 The acceptance of materials other than solid metal or solid metal that does not comply with 13.2.1
for the security container body construction is to be based on the Test of Currency Security Container —
24-Hour Service, Section 35.

13.2.5 The4d
be based on th

cceptance of a Level 1, 24-hour service security container door and locking me¢chanism is to
e Test of Currency Security Container — 24-Hour Service, Section 35.
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greater than 3
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otherwise alte
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13.3 24-hour service — level 2
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outside withou

ecurity container shall'be assembled in a manner that will not allow disasse
t unlocking the container.

mbly from the

13.4.2 Then
the minimum

hetal of the security container body shall comply with Table 5.1, Table 5.2, or [Table 5.3 and

zinc-coated st

13.43 The

goceptance of a business hour service security container and locking mechg

sheet thickness shall be 0.053 inch (1.35 mm) for uncoated steel, 0.056 inch
bel, and 0)075 inch (1.91 mm) for brass or aluminum.

1.42 mm) for

nism is to be

based on the Test of Business Hour Service Automated Teller System, Section 36.
14 Protection of Service Personnel

14.1  Uninsulated parts that involve a risk of release of energy or operate at high-voltage that are made
accessible by opening or removing a cover, door, panel, or other closure on or within the unit (see 5.6.9),
shall be provided with guards over the parts to minimize the possibility of service personnel unintentionally
touching them during any servicing of the product. See also 14.2 and 14.3.

14.2 If parts that must be in motion during servicing operations present a pinching, snagging, cutting, or
other mechanical hazard while made accessible by opening or removing a cover, door, panel, or other
closure on the unit for the purpose of affording access to the interior of the product, guards shall be
provided over the hazardously moving parts to prevent service personnel from unintentionally touching
them. See also 14.3.
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14.3 If the guards mentioned in 5.6.9, 14.1, and 14.2 must be removed during servicing of the parts
mentioned in 14.1 and 14.2, the guards shall be designed and arranged so they can be removed and
replaced.

14.4 Internal components (especially those that are likely to involve frequent replacement or adjustment)
shall be isolated from the power-supply-connection areas and other locations in which parts are likely to be
live during servicing.

14.5 Each power-supply switch for which there is an "off" position marked on a unit shall disconnect all
ungrounded conductors of the power-supply circuit when placed in the "off" position.

PERFORMANCE

OVERALL PILODUCT
15 General

15.1 Unless|otherwise specified, the performance of an automated teller system shall be investigated by
subjecting a representative sample to the following tests.

15.2 Produdts are to be tested at the test voltage indicated in Table 15.1 and 15.3 for egch test unless
specified othgrwise.

Table 151
Test voltages
Nameplate voltage rating? Test voltage
110t0 120 120
220 to 240 240
Other Marked nameplate rating
@ Products rated at frequencies other than\60 Hz are to be tested at their rated nameplate voltage and frequency.

15.3 If a product is rated, for/a range of voltages, such as 110 — 120 volts, the test voltage is to be the
highest value|of the rangé:

16 Normal Qperation Test

. . o . : .
16.1 An autemated-tellersystem-shall-be-capable-of-operatingas-intended-whentested'in conjunction

with related equipment which may be combined with the product to perform additional functions.

16.2 To determine if the product complies with the requirement of 16.1, it is to be connected to a rated
source of supply and to the optional equipment with which it may be intended to operate.

16.3 All program loading or other necessary functions involved in preparing the product to verify and
document transactions shall be performed.

17 Input Test
17.1  The input of a product shall not be more than 110 percent of the product current, wattage, or volt-

ampere rating when the product is connected to a test voltage in accordance with the requirements in 17.2
and operating at maximum intended load conditions.
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17.2 The test voltage for this test is to be the maximum rated voltage for the product. For a product
having a single voltage rating, such as 115 volts, maximum rated voltage is to be that single voltage. If the
voltage is given in terms of a range of voltages, such as 110 — 120 volts, the maximum rated voltage is the
highest value of the range.

18 Voltage Variations Test

18.1 A product shall function at 85 — 110 percent of test voltage without readjustment. Tests shall be
conducted at maximum and minimum input voltages.

18.2 The product may fail to operate as intended, but the security of the currency shall not be affected,
incorrect records of transactions shall not be made, and a risk of fire or electric shock shall not be created.

19 Jarring Test

19.1 Parts of the product most likely to be affected by jarring resulting from impact or vibfation such as
might be encguntered under service conditions shall withstand the test described in 19.2. Subsequent
operation of the product shall not be impaired.

19.2 A proddct that is capable of being mounted on a wall without extra’support of reinforcément is to be
mounted as intended to the center of a 6- by 4-foot (1.8- by 1.2°m), 3/4-inch (19.1-mm) thick plywood
board which ig to be secured in place at four corners. A 3 foot-pound (4.08 J) impact is to be|applied to the
center of the everse side of this board by means of a 1.18 pound (0.53 kg), 2 inch (50.8 jnm) diameter
steel sphere:

a) Swung through a pendulum arc from a height (h) of 30.5 inches (0.77 m) or

b) Drogped from a height (h) of 30.5 inches,depending upon the mounting of the equipment.

—_

See Figure 19{1.
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Figure 19.1

Jarring test

\gStee Sphere
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Test Method For Unit Test. Method For Unit
Intended to be Mounted Intended to be Mounted
Vertically Horizontally
IP110

19.3 A product that is freestanding or requires extra support or reinforcement of the wall for mounting,
shall have thg impact applied directly to.the/product at points most likely to affect it.

19.4 For thig test, the product is\to ‘be energized in a normal ready to serve mode and gonnected to a
rated source ¢f supply. Following\the jarring, the product shall be tested for its intended opergtion.

20 Tempergture Test

20.1 The materials-Used in the construction of a product shall not be adversely affected by the
temperatures| attained under any condition of intended operation while connected to a source of test
voltage and frequency.

20.2 A material will be considered as being adversely affected if it is subject to a temperature rise greater
than that indicated in Table 20.1.
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Table 20.1
Maximum temperature rises
Normal
Ready to serve, service,
Materials and components °Cc (°F) °Cc (°F)
A. MOTORS? P
1. Class A insulation systems on coil windings of alternating-current motors 7 inches
(178 mm) or less in diameter (not including universal motors):
a. In open motors:
Thermocouple or resistance method 75 135 75 135
b. In totajtyemctosedmotors:
Thermocouple or resistance method 80 144 80 144
2. Class A inpulation systems on coil windings of alternating-current motors more than
7 inches (178 mm) in diameter and or direct-current and universal motors:
a. In opeh motors:
Thermocouple or resistance method 65 177 65 17
Resisfance method 75 135 75 135
b.In totjly enclosed motors:
Thermocouple method 70 126 70 126
Resisfance method 80 144 80 144
3. Class B inpulation systems on coil windings of alternating-current metors 7 inches
(178 mm) or|less in diameter (not including universal motors):
a. In opeh motors:
Thermocouple or resistance method 95 171 95 171
b. In totally enclosed motors:
Thermocouple or resistance method 100 180 100 180
4. Class B insuldtion systems on coil windings of alterhating-current motors more than 7
inches (178 mm] in diameter and of direct-currént@nd universal motors:
a. In opeh motors:
Thermocouple method 85 153 85 153
Resistance method 95 171 95 171
b.In totjly enclosed moters:
Thermocouple Mméthod 90 162 90 162
Resisfance method 100 180 100 180
B. COMPONENTS
1. Capacitors:* 9
a. Electrolytic types: 25 45 40 72
b. Other types: 25 45 65 117
2. Rectifiers — at any point
a. Germanium: 25 45 50 90
b. Selenium: 25 45 50 90
c. Silicon:
(1) Maximum 60 percent of rated volts 50 90 75 135
(2) 61 percent or more of rated volts 25 45 75 135

3. Relay, solenoid, transformer, and other coils with:

Table 20.1 Continued on Next Page
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Table 20.1 Continued
Normal
Ready to serve, service,
Materials and components °C (°F) °C (°F)
a. Class 105 insulation system:
Thermocouple method 25 45 65 117
Resistance method 35 63 85 153
Class 130 insulation system:
Thermocouple method 45 81 85 153
Resistance method 55 99 105 189
c. Class| 155 insulation system:
(1) Class 2 transformers
hermocouple method - - 95 171
esistance method e - 115 207
(2) Ppwer transformers:
hermocouple method — — 110 198
esistance method - - 115 207
d. Clasq 180 insulation system
(1) Qass 2 transformers:
hermocouple method - - 115 207
esistance method - - 135 243
(2) Ppwer transformers:
hermocouple method - - 125 225
esistance method - - 135 243
4. Resistors®
a. Carbgn 25 45 50 90
b. Wire yvound 50 90 125 225
c. Other 25 45 50 90
5. Solid-state devices See ndte f
6. Other corhponents and materials:
a. Fiber|used as electrieal insulation or cord bushings 25 45 65 117
b. Varnished clothrinsulation 25 45 60 108
c. Thermoplastic-materials Rise based on temperature limits of
the matrial
d. Phenblic:compaosition used as electrical insulation or as parts where failure will 25 45 125 225
result in a hazardous condition?
e. Wood or other combustibles 25 45 125 225
f. Sealing compound 15°C (27°F) less than the melting
point
g. Fuses 25 45 65 117
C. CONDUCTORS
1. Appliance wiring material® 25°C (45°F) less than the
temperature limit of the wire
2. Flexible cord (for example, SJO, SJT) 35 63 35 63
3. Conductors of field-wired circuits to be permanently connected to the product 35 63 35 63
D. GENERAL

Table 20.1 Continued on Next Page
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Table 20.1 Continued

Normal
Ready to serve, service,
Materials and components °C (°F) °C (°F)
1. All surfaces of the product and surfaces adjacent to or upon which the product may 25 45 65 17
be mounted
2. Surfaces normally contacted by the user in operating the unit (control knobs, push
buttons, levers, and similar parts):
a. Metal - - 35 63
b. Nonmetallic - - 60 108
3. Surfaces subjected to casual contact by the user (enclosure, customer access
panels, and $imilar parts):
a. Metal - - 45 81
b. Nonmegtallic - = 65 117

eter is to be measured in the plane of the laminations of the circle circumscribing the, stator frame
br parts, used solely for motor cooling, mounting, assembly, or connection.

@ The motor dian
boxes, and simil

b If the coil is ina
includes thermal
resistance meth
hermetic motor
applied insulatio
heat, the temper

1) 5°C (9°F)
less, open tyj
2)10°C (18°
less, open ty]
3) 15°C (27°
(178 mm), o
4)20°C (36°
(178 mm), o

¢ For an electroly
integral with the

Ccessible for mounting thermocouples (for example, a coil immersed in sealing.compound) or if thg
insulation or more than two layers, 1/32 inch (0.8 mm) maximum, of cotton,\paper, rayon, or similg
d is to be used. For a thermocouple measured temperature of a coil of anlalternating-current motg
ompressor having a diameter of 7 inches (178 mm) or less, the thermocouple is to be mounted on
h on the conductor. At a point on the surface of a coil where the température is affected by an extel
pture measured by a thermocouple may be increased by (not including hermetic motor compressqg

for Class A insulation on coil windings of alternating-current motors having a diameter of 7 inches
pe.

F) for Class B insulation on coil windings of alternating-cutrent motors having a diameter of 7 inchg
pe.

F) for Class A insulation on coil windings of alternating-current motors having a diameter of more t
en type.

) for Class B insulation on coil windings ‘of' alternating-current motors having a diameter of more t
en type.

tic capacitor which is physically.integral with or attached to a motor, the temperature rise on insulg
Capacitor enclosure may not be niore than 65°C (117°F).

4 A capacitor which operates at a temperature higher than a 65°C (117°F) rise may be judged on the basis of its ma
temperature rating.

¢ The temperatufe rise of a resistor mayexceed the values shown if the power dissipation is 50 percent or less of tf
manufacturer's rpting.
"The temperatur of a solid-sfate device (for example, Transistor, SCR, Integrated Circuits) shall not exceed 50 pe
rating during the|[Normal Standby Condition. The temperature of a solid-state device shall not exceed 75 percent o
temperature under the.Alarm Condition or any other condition of operation which produces the maximum temperat|

excluding lugs,

coil wrap

r materials, the
r, other than a
the integrally
nal source of
rs):

178 mm) or
s (178 mm) or
han 7 inches
han 7 inches
ting material

rked

cent of its
its rated
Lire dissipation

of its components. Far réference purposes, 0°C (32°F) shall be considered as 0 percent. For integrated circuits, thd
cond

operation. Both
following conditions:

1) The component complies with the requirements of Test Method for Standard Microcircuits, MIL-STD-883E.

2) A quality control program is established by the manufacturer consisting of an inspection stress test followed
100 percent of all components, either on an individual basis, as part of a subassembly, or equivalent.

temperatures, for 24 hours while connected to a source of rated voltage and frequency in an ambient of at leas
followed by a recalibration of the sensitivity and retested.

investigated and found to have special heat-resistant properties.

question.

loading factor
ion of

arnyone of the

by operation of

3) Each assembled production unit is subjected to a burn-in test, under the condition which results in the maximum

t 49°C (120°F)

9 The limitations on phenolic composition and on rubber and thermoplastic insulation do not apply to compounds which have been

" For standard insulated conductors other than those mentioned, reference should be made to the National Electrical Code,
ANSI/NFPA 70. The maximum allowable temperature rise in any case is 25°C (45°F) less than the temperature limit of the wire in
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20.3 All values for temperature rises apply to a product intended for use with ambient temperatures
normally prevailing, which are usually not higher than 25°C (77°F). If the product is intended specifically
for use with a prevailing ambient temperature constantly more than 25°C, the test of the product is made at
such higher ambient temperature, and the allowable temperature rises specified in Table 20.1 are to be
reduced by the amount of the difference between the higher ambient temperature and 25°C.

20.4 Temperature measurements on a product intended for recessed mounting shall be made with the
product installed in an enclosure of 3/4 inch (19.1 mm) plywood having clearances of 2 inches (50.8 mm)
on the top, sides, and rear, and the front extended to be flush with the cover of the product. If other
clearances are specified in installation instructions, they shall be used.

20.5 A temperature is considered to be constant when three successive readings, taken at 5 minutes, or
greater intervals, indicate no change.

20.6 Except
not larger tha
thermocouple
is acceptable
any point whe

20.7 If thery
electrical dev
constantan w
referee tempsg

at coils, temperatures are to be measured by means of thermocouples-cons

h 24 AWG (0.21 mm?). The preferred method of measuring the teniperature
method, but a temperature measurement by either the thermocouple or resis
except that the thermocouple method is not to be used for astemperature m
re supplementary thermal insulation is used.

hocouples are used in the determination of temperatufes in connection with
ces, it is standard practice to use thermocouples ¢onsisting of 30 AWG (0.05
res and a potentiometer-type indicating instrument.” Such equipment will be U
rature measurements by thermocouples are neeéssary.

isting of wires
of a coil is the
stance method
casurement at

the heating of
mm?) iron and
sed whenever

20.8 The temperature rise of a winding is to be calculated using the formula:
R
A =k 1) = (k+ 1)

in which:
At is the temperature risein°C,

R is the resistance of the coil at the end of the test,

r is thg resistancé of the coil (coil at t;) at the beginning of the test,

k is 234.5forcopper or 225.0 for electrical-conductor grade aluminum,

t, is the temperature in °C at the beginning of the test, and

t, is the temperature in °C at the end of the test.
The winding is to be at room temperature at the start of the test.

20.9 As it is generally necessary to de-energize the winding before measuring R, the value of R at
shutdown may be determined by taking several resistance measurements at short intervals, beginning as
quickly as possible after the instant of shutdown. A curve of the resistance values and the time may be
plotted and extrapolated to give the value of R at shutdown.

20.10 To determine compliance with this test, a product is to be connected to a supply circuit of test
voltage and frequency and operated under the following conditions:

a) READY TO SERVE - (7 hours — Constant temperatures).
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b) NORMAL SERVICE, MAXIMUM NORMAL LOAD — (1 hour — Constant temperatures).

20.11 "Normal service" shall be the repeated operation of the dispense function. Other operations shall
also be conducted if they energize components not used in the dispense function or if they cause a more
severe load condition. The rate of operation shall not exceed 15 operations per minute.

21 Overload Test

21.1 A product shall be subjected to 50 cycles of operation for each of its major functions with the supply
circuit energized at 115 percent of test voltage and at rated frequency. Each cycle shall consist of starting
with the product energized in the ready to serve mode, "normal service" operation, and restoration to the
ready to serve mode.

21.2 A currept-interrupting device intended to control loads that are not connected to-the groduct supply
terminals and that require a separate supply circuit shall be tested with an overload ¢urrent ¢f 150 percent
of its ampere nating and at the maximum test voltage for 50 cycles.

21.3 The prgduct may be cycled at any rate up to 15 cycles per minute.

21.4 Failure|of a component is acceptable if the security of the currency is not affected, if incorrect
records of tranjsactions are not made, and a risk of fire or electric shock is not created.

21.5 The Ovgrload Test shall be conducted prior to the Endurance Test, Section 22.
22 Endurange Test

221 A prodict shall be subjected to 6000 cycles-of operation at a rate of not more than |15 cycles per
minute, with the supply circuit energized at test-voltage and at rated frequency. Each cycle shall consist of
starting with the product energized in the ready-to serve mode, "normal service" operation, apd restoration
to the ready tq serve mode. There shall not.be electrical or mechanical failure or evidence of failure by the
components.

22.2 Failure|of a component js\acceptable if the security of the currency or deposits is njot affected, if
incorrect recoilds of transactions-are not made, and a risk of fire or electric shock is not created.

23 Variable Ambient Temperature Test

23.1 A prodyct meant for indoor use shall be exposed to temperatures of 0°C (32°F) and 49°C (120°F).

23.2 If meant for outdoor use, the product or the part of the product designed to be exposed to outdoor
conditions shall be subjected to ambient air temperatures of minus 35°C (minus 30°F) and 66°C (150°F).

23.3 A product that is to be used during business hours only shall be exposed to temperatures of 13°C
(55°F) and 35°C (95°F).

23.4 The product is to be maintained at each temperature for a sufficient length of time, at least 4 hours,
to ensure that thermal equilibrium has been reached and then tested at that temperature for intended
operation while connected to a source of rated voltage and frequency.

23.5 The product may fail to operate as intended, but the security of the currency shall not be affected,
incorrect records of transactions shall not be made, and a risk of fire or electric shock shall not be created.
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24 Humidity Test

241 A product shall be operated while energized from a rated source of voltage and frequency during
and following exposure for 24 hours to moist air having a relative humidity of 85 percent at a temperature
of 30 £2°C (86 £3°F). The performance shall be determined with the product in the humidity environment.

24.2 The product may fail to operate as intended but the security of the currency shall not be affected,
incorrect records of transactions shall not be made, and a risk of fire or electric shock shall not be created.

25 Leakage Current Test

251 The leakage current of a cord-connected product intended to be located in an area accessible to
contact by a gerson, or which is interconnected to a product that is accessible to contact by|a person shall
be determinefl in accordance with the American National Standard for Leakage Current fpr Appliances,
ANSI C101-1992, immediately after exposure to the Humidity Test, Section 24.

25.2 A prodict that is accessible to contact by a person and which is interconnected to a cprd-connected
product, shall be tested for leakage current as specified in 25.1 while jtus.interconnected to the cord-
connected product.

25.3 The legdkage current test sequence, with reference to the meéasurement circuit in Figure 25.1, is to
be as follows:

ifcuit. Leakage
vices are then
th positions of

1 is then to be

0 be operated
ifch S2.

d positions and
rrent is to be
ndition where
itch S2 are to

ened, and the
ings are to be

taken in both posmons of switch S2.
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Figure 25.1
Leakage current measurement circuits
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jrounded circuits
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26 Transient Test

26.1 A product shall be subjected to 500 externally induced transients while energized from a test
voltage source of supply.

26.2 The primary of a 120/240-volt, 60-Hz, 2-kilovolt-ampere (kVA) isolating power transformer with the
secondary open circuited is to be connected to the same branch circuit as the product. The input to the
transformer is to be de-energized for approximately 1 second by an automatic switching device at a rate of
not more than 6 cycles per minute for 500 cycles. During the test, the product is to be energized in the
ready to serve condition. Following the test the product is to be operated for its intended service operation
to determine whether transients, generated by the random collapse of the magnetic field of the
transformer, result in a component failure or adversely affect its intended performance.

26.3 The pr|
incorrect reco

26.4 The elg

bduct may fail to operate as intended, but the security of the currency shall.n
Ids of transactions shall not be made, and a risk of fire or electric shockshall n

ctrical characteristics of the testing transformer are specified in Table 26.1.

Table 26.1
Electrical characteristics of the testing transformer

bt be affected,
bt be created.

DC resistance
Voltage, Frequency, Inductance, Quality factor, ohms (Q),
Winding volts (V) hertz (Hz) millihenries (mH) Q) 73.4°F (23°C)
Primary 120 1000 21.2 11.50 0.244
Secondary 240 1000 109.3 4.65 0.371
NOTE - A trangformer suitable for this purpose is Jefferson-Electric Model 211-091 rated 2 kVA, 120/240 volt, 1 phase, 60 Hz.
27 Rain Test
271 The parts of a product exposed to weather shall withstand a rain exposure for 1 hour without

creating a risK
27.8 after the

27.2 The pr|
under the con
may be neces
if more adver

of electric shock.eraffecting its subsequent operation. The assembly shall al
test.

bduct is to/be operated so that electrical components are energized and the
ditions judged most likely to cause the entrance of water into or on electrical
sary to operate the product under various modes of operation or to de-energi
5e_cohditions could result. In any case, each exposure is to be for 1 hour. If

50 comply with

product tested
components. It
ze the product
more than one

exposure is r

quired, the productis 1o be prepared for testas inaicated in 27.4 before the test is repeated.

27.3 Field-wiring connections are to be made in accordance with the wiring method specified for the
product. Openings intended to terminate conduit are to be sealed. Openings intended for the entry of a
conductor or conductors for Class 2 wiring in a low-voltage circuit are not to be sealed unless a seal is
provided as a part of the product.

27.4 Except as indicated in 27.5, the product is to be examined to determine that all electrical parts,
including motor windings, are not wetted and that there is no accumulation of water within the enclosures
of electrical parts prior to rain exposure.

27.5 Drying of the product prior to the second or subsequent exposure is not required if, without such
preparation, the product complies with the requirement in 27.6.
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27.6 After each exposure the product is to have an insulation resistance between live parts and dead
metal parts of not less than 50,000 ohms. The insulation resistance is measured 1 minute after application
of the voltage obtained by using the series-voltmeter method, or means determined to be equivalent, and
a direct current circuit. After measurement of the insulation resistance, the complete product is to be
subjected to the Dielectric Withstand Test, Section 29.

27.7 The rain test apparatus is to consist of three spray heads mounted in a water supply pipe rack as
shown in Figure 27.1. Spray heads are to be constructed in accordance with the details shown in Figure
27.2. The water pressure for all tests is to be maintained at 5 psig (34.5 kPa) at each spray head. The
distance between the center nozzle and the product is to be approximately 5 feet (1.5 m). The product is to
be brought into the focal area of the three spray heads in such a position and under such conditions that
the greatest quantity of water will enter the product. The spray is to be directed at an angle of 45 degrees
to the vertical foward the louvers or other openings closest 1o Ve parts.
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Figure 27.1
Rain test apparatus
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Figure 27.2

Rain-test spray head
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27.8 The test is not to result in the entrance of water into enclosures above the lowest electrical
component other than insulated wire or the wetting of high-voltage live parts, except that:

a) Motor windings may be judged on the basis of the insulation resistance and by the Dielectric
Withstand Test, Section 29, if the motor is within the enclosure and is shielded from openings in the
top of the enclosure.

b) Water may enter an enclosure above the lowest electrical component if the point of entrance is
not in proximity to high-voltage live parts and high-voltage live parts are not wetted during the Rain

Test.
28 Ignition Test
28.1 GenerLI
28.1.1 Both| of the bottom-panel constructions described in 5.2.4 are not required’to bg tested. Other
constructions|are capable of being used when they pass the test described in 28'2)1 — 28.2 4.

Exception: TH
not produce fi

is test does not apply to low-voltage, power-limited products_in"which an inte
pme, molten metal, flaming or glowing patrticles, or flaming-drops.

28.2 Hot flaming oil

28.2.1 Oper
that hot flami
extinguished

2822 A sz
position seve
but free from
m?/kg) and h3
layer over a s
of openings i
or otherwise
center of the

ings in a bottom panel shall be so arranged and’'sufficiently small in size and
ng No. 2 fuel oil poured three times onto the openings from a position aboV
s it passes through the openings.

mple of the complete, finished bottom panel is to be securely supported i
al inches above a horizontal sufface under a hood or in another area that is
significant drafts. Bleached cheesecloth running 14 — 15 square yards to the
ving a thread count of 32.by.28 per inch square (per 25.4 mm square) is to be
hallow, flat-bottomed pan-that is of sufficient size and shape to cover complet

Hoes not pass through the openings. The pan is to be positioned with its ce
battern of operiings in the panel. The center of the cheesecloth is to be 2 inc

rnal fault does

few in number
e the panel is

n a horizontal
well ventilated
ound (26 — 28
draped in one
ely the pattern

the panel but is nottarge enough to catch any of the oil that runs over the edge of the panel

nter under the
nes (50.8 mm)

below the of
recommende

enings. Usel'of a metal screen or wired-glass enclosure surrounding th¢ test area is
i to prevent-splattering of the oil from causing injury and doing other damage.

28.2.3 A metal ladle [preferably not more than 2-1/2 inches (64 mm) in diameter], with a pquring lip and a
long handle whese longitudinal axis remains horizontal during pouring, is to be partially filled with 10 cubic
centimeters of No. 2 fuel oil, which is a medium-volatile distillate having an API gravity of 32 — 36 degrees,
a flash point of 110 — 190°F (43 — 88°C), and an average calorific value of 136,900 Btu per gallon (38.12
MJ/liter). See Specifications for Fuel Oils, ASTM D396-98. The ladle containing the oil is to be heated and
the oil ignited and allowed to burn for 1 minute, at which time all of the hot, flaming oil is to be poured at the
rate of approximately and not less than 1 cubic centimeter per second in a steady stream onto the center
of the pattern of openings from a position 4 inches (102 mm) above the openings. It is to be observed
whether the oil ignites the cheesecloth.

28.2.4 Five minutes after completion of the pouring of the oil, the cheesecloth is to be replaced with a
clean piece and a second 10 cubic centimeters of hot, flaming oil is to be poured from the ladle onto the
openings and it is again to be observed whether the cheesecloth is ignited. Five minutes later, a third
identical pouring is to be made. The openings are not acceptable if the cheesecloth is ignited in any of the
three pourings.
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