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INTRODUCTION

1 Scope

1.1
scaffolds sus

pended by wire ropes.

These requirements cover manual and power-operated type portable hoists intended for use with

1.2 This standard covers electrically powered hoists rated 1000 volts or less to be employed in
nonhazardous environmental locations in accordance with the National Electrical Code, ANSI/NFPA 70.

2 General

2.1 Compg
211 Exce
the requirem
the products

nents

pt as indicated in 2.1.2, a component of a product covered by this standard sha
ents for that component. See Appendix for a list of standards covering compo
covered by this standard.

| comply with
nents used in

2.1.2 A component is not required to comply with a specific requirement that:
a) Inyolves a feature or characteristic not required in the<application of the component in the
prodyct covered by this standard, or
b) Is guperseded by a requirement in this standard.
2.1.3 A component shall be used in accordance withhits 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, su¢h as certain
temperatureg not exceeding specified.limits, and shall be used only under those specific conditions.

2.2 Units of measurement

2.21 \Value
approximate

2.2.2 Unles
mean-squarg

s stated without-parentheses are the requirement. Values in parentheses are g
information:

s otherwise indicated, all voltage and current values mentioned in this stand
(rms).

xplanatory or

ard are root-

2.3 Undated references

2.31

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

3 Glossary

3.1 Forthe

purpose of this standard the following definitions apply.

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

3.1.2 BONDED (BONDING) — The permanent joining of metallic parts to form an electrically conductive
path that provides electrical continuity and the capacity to conduct any current likely to be imposed without
a risk of electric shock, fire, or injury to persons.
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3.2 ANGLE, FLEET - The angle at which the wire rope exits the winding drum, as measured between
the rope before it passes through the rope guide and a line that is perpendicular to the drum axis, tangent
to the drum surface, and passing through the center of the rope guide.

3.2.2 BONDING JUMPER - A conductor, including a strap or similar part, that is used to provide the
required electrical conductivity between metal parts required to be electrically connected.

3.3 BRAKE, PRIMARY — A brake, automatically applied, that stops the hoist and its rated load under
intended operating conditions, when power to the prime mover is interrupted or discontinued.

3.4 BRAKE, SECONDARY - A brake intended to automatically arrest the descent of the hoist and its

suspended |

3.5 CIRCUI

a) Hig
greate

b) Low
60 vol

3.6 CONTR
a normally po

3.7 DRUM,
descends the|

3.8 DRUM,
groove on thg

3.9 DRUM,

3.10 ELECT

dwhen there is an oversneed condition
Lig

IS, ELECTRICAL:

h-Voltage — A circuit with a potential of not more than 1000 volts having-circuit ¢
r than those of a low-voltage power-limited circuit.

-Voltage — A circuit with a potential of not more than 30 volts A€ rms, 42.4 volt
s DC, and supplied by:

1) A battery;
2) An NEC Class 2 transformer; or

3) A combination of transformer and fixed impedance that, as a unit, complies
performance requirements for a Class 2'ttansformer.

OLLED DESCENT DEVICE — A device intended to allow controlled nonpowersg
wer-operated hoist.

TRACTION — A type of drimrthat does not accumulate the suspension rope, by
rope as a result of friction-between the rope and the drum.

[TRANSFER — A drum used to transfer the suspension wire rope from one groo
traction drum of a traction hoist.

RIC.SHOCK — A risk of electric shock is considered to exist at any exposg

available op

WINDING< A drum that accumulates the suspension rope in one or more layerg.

haracteristics

5 AC peak or

with all of the

d descent of

t ascends or

Ve to another

d part if the

n-circuit pn’rnnﬁal is more than 42 4 volts pn:\l(’ 30 volis rms, and the avail

able current

through a 1500-ohm resistor is more than 5 milliamperes.

3.10.1

GROUND - A conducting connection, whether intentional or accidental, between an electrical

circuit or equipment and the earth or to some conducting body that serves in place of the earth.

3.10.2 GROUNDED - Connected to earth or to some conducting body that serves in place of earth.

3.10.3 GROUNDING CONDUCTOR - An equipment or circuit conductor that is intentionally connected
between that electrical circuit or equipment and the earth or to some conducting body that serves in place
of the earth.

3.11 HOIST, ELECTRICALLY POWERED - A hoist in which the prime mover is powered by electricity.
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3.12 HOIST, MANUALLY POWERED - A hoist in which the hoisting power is derived directly from the
operator.

3.13 HOIST, PNEUMATICALLY POWERED - A hoist in which the prime mover is powered by
compressed gases.

3.14 HOIST, POWER-OPERATED - Either an electrically powered hoist or a pneumatically powered
hoist.

3.15 PRIME MOVER - The source of power for the hoist, exclusive of any speed reducer.

3.16 RATEP-WORKINGLOAD—Themantfacturer's—specifiedmaximum-toad-to-beifted by the hoist.
The maximum load includes the weight of all workers, materials, and all dead loads lifted| by the hoist.
Dead loads include the weight of:

a) The hoist;

b) Wire rope (winding drum and tail line);

c) Platform and platform supports;

d) Gugrd rails;

e) Bullding ties;

f) Rollers, stand offs, and wire winder;

g) Eldctrical cords or air supply hoses; and

h) Other related equipment as applicableithat may be included on a stage or otherwjise lifted by a
hoist.

3.17 SHEAVE, DEFLECTION — A sheave used for small directional changes or deflections of the wire
rope.

3.18 SHEAVE, DIRECTIONAL/— A sheave used to transfer or change the direction of the wire rope.

3.19 SHEAVE, TRACTION — A single-wrap sheave that does not accumulate the suspension rope, but
ascends or descends the rope as a result of friction between the rope and the sheave.

3.20 SPEEP.REDUCER - A device used to reduce the output speed of the prime mover {o the desired
speed of the hoist:

3.21 SUSPENSION SCAFFOLD — An assembly for supporting workmen and materials by means of wire
ropes from an overhead suspension system and arranged and operated to allow raising or lowering to a
desired work position.

4 Installation and Operating Instructions

4.1 A hoist shall be supplied with complete operation and maintenance instructions. A copy of the
instructions shall be used as a guide in the examination and test of the hoist.

4.2 The instructions shall include the directions and information considered by the manufacturer or
private labeler to be necessary for intended installation, maintenance, operation, and use of the hoist.
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4.3 The operating instructions shall also include the type designation, the AWG size, the voltage rating,
battery ampere-hour capacity for batteries and the maximum length of each type of power-supply cord for
use with the hoist.

4.4 The instructions shall indicate how the motor protector is to be reset if a manually reset protector is

employed.

4.5 A complete or an abbreviated form of the instructions shall be attached to each hoist. See Markings,

All Hoists, Se

ction 72.

4.6 The abbreviated form of instructions shall include:

a)Ab

b) Infg

) Inst

and

d) Ref

e)Ap

the eq

CONSTRUC]

ALL HOISTS
5 General

5.1 The ma
direction shal
scaffold that i
moved in the
rope speed o

5.2 Atractig
the frictional f]

5.3 The el¢
Standard for

fief summary of how to operate the hoist,
rmation on reeving of the wire rope,

ructions for periodic testing of emergency equipment and daily inspection of t

erence to the operator's manual for detailed instructions, and

roduct marked in accordance with 74.2.8 shall have the statement "For Indoor
uivalent appearing in the instruction manual.

[ION

Kimum rated speed at whichvan unguided suspended scaffold may be moved
not exceed 35 feet (107" M) per minute. The maximum rated speed at which
5 guided by pretensioned-wire ropes or fixed rails in an enclosed space or hois
vertical direction shall not exceed 70 feet (21.4 m) per minute, whereby the m
a scaffold hoist ifself shall not exceed 73 feet (22.3 m) per minute.

brees required to raise and lower the hoist and its rated working load.

ctrical features of a control box assembly shall be evaluated to the require

e wire rope,

Use Only" or

in a vertical
A suspended
tway may be
aximum wire

n hoist shallnot use tail-line counterweights or other externally applied tensioning to develop

ments of the

ndustrial Control l:quirr_\mnnf, UL 508 or the Standard for Adjnefnhln Qpanr‘l Ele

trical Power

Drive Systems — Part 5-1: Safety Requirements — Electrical, Thermal, and Energy, UL 61800-5-1. This
may include, but is not limited to, AC inverters, DC converters, DC drives, contact blocks, phase control
relays, pendant controls and their interconnection.

Lt stk N SE
%Af*?k B kg

NGRS

tationgry a

%h ,one
n g I Srthve Auxngﬂgg ﬁﬁmfﬁk 1973,

of! éhe

) Standard for Batteries for Use In Light Electric Vehicle ( LEV) Applications, UL 2271, when the
battery is mobile.
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6 Wire Ropes

6.1 Awirer
a)1/4

b) 5/1

ope shall have a diameter of not less than:
inch (6.4 mm) for a manually-operated hoist or

6 inch (7.9 mm) for a power-operated hoist.

For strength and wear-resistance requirements, see the Wire-Rope Test, Section 45.

7 Drums and Sheaves

7.1 Geners

711 Adru
that specified

M in a hoist shall be for use with a suspension wire rope having a diameter of
in6.1.

7.2 Winding drums

7.21 Then
diameter of t

Exception: R
may be less
diameter of t

7.2.2 Awin
shall comply

7.2.3 To pr
so that durin
of winding.

hinimum pitch diameter of a multiple-wrap winding drum shall not be less than
e wire rope used.

or a manually-operated hoist, the minimum pitch.diameter of a multiple-wrap
than ten times the diameter of the wire rope used, but shall not be less than e
he wire rope used.

ding drum shall be provided with a positive means for attaching the wire rope. TH
with the requirement specified in 45.3.

bvide level winding of the wiresrope, a winding drum on a powered hoist shall b
) operation, the suspensionwire will wrap without cross-wrapping, improper sp

7.3 Traction drums and traction sheaves

7.31
diameter of t

The pitch diameter of a traction drum or traction sheave shall not be less than

e wire rope.

7.4 Deflecllion sheaves

not less than

ten times the

winding drum
jght times the

e attachment

e constructed

boling, or loss

18 times the

7.4.1
wire rope, an

d shall only be used for wire directional changes of less than 10 degrees.

7.5 Transfer drums and directional sheaves

7.51

diameter of the wire rope.

8 Speed Reducers

8.1

A deflection sheave or roller shall have a minimum pitch diameter of three times the diameter of the

A transfer drum or directional sheave shall have a minimum pitch diameter of ten times the

A hoist shall have a speed reducer or an equivalent device to obtain a mechanical advantage. The

speed reducer or other device shall be of the positive type, such as a worm and gear, spur gears, or bevel
gears, and shall not depend on frictional forces for its operation.
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9 Shafts, Fillets, Keys, and Splines

9.1 A fillet shall be provided at any point of change in the diameter of the hoist shafts and the sheave
shafts to reduce stress concentration in the shafts. Fitted keys, splines, bolts, or machine screws shall be
used in all connections subject to torque.

10 Manual Cranks

10.1 A means for manually cranking shall be provided on a manually powered hoist, and may be
provided on a power-operated hoist. The means of manual cranking shall be arranged so that it can be
operated by one person. See 46.2.1.

10.2 Access to the manual crank on a power-operated hoist shall include either:
a) A nmeans to make the prime mover inoperative while under emergency manualopergtion or

b) A wiarning marking shall be provided as specified in 74.1.1.
11 Protectipn Against Corrosion

11.1 Compgnents of a hoist shall be protected against atmospheric corrosion, if malfurjction due to
corrosion of such components may result in a risk of injury to persons or impair the operation ¢f the hoist.

Exception: Aluminum, brass, copper, stainless steel, or otherrmetal inherently resistant to cprrosion may
be used withqut additional protection.

11.2 Corrosjon protection shall be by metallic or nohmetallic coatings, such as galvanizing, sherardizing,
plating, or painting.

Exception Ng. 1: A component in contact-with wire rope is not required to be provided with corrosion
protection.

Exception Noj 2: A component notdirectly exposed to the environment, and a drive train component, such
as a bearing,|a gear, pawls, and a shaft, is considered to be provided with corrosion protectign by factory-
applied lubricants.

11.3 Metal ghall not~be used in combinations that can cause galvanic action that could reduce the
strength of the components.

12 Lubrication

12.1 Each separate enclosure of a hoist shall be provided with a separate means to maintain lubrication
of all moving parts requiring lubrication at all times. Self-sealed, self-lubricating, and dry bearings may be
employed.

13 Gears

13.1 Gear material shall be one of the following:
a) Cast or forged alloy steel,
b) Cast or forged ductile or malleable iron, or

c) Cast, forged or wrought bronze.
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Cast grey iron shall not be used for load-carrying gears.
MANUALLY POWERED HOISTS
14 General

14.1 In addition to the requirements specified in Sections 1 — 13, a manually powered hoist shall comply
with the requirements in this section and Sections 39 — 49, 73, and 74, as applicable.

14.2 A winding-drum hoist shall be equipped with a driving pawl and a locking pawl that will automatically
engage when the driving pawl is released during operation of the hoist.

14.3 A gripping type hoist shall be constructed so that during use the hoist is engaged on tHe suspension
rope at all tinpes, including travel in both directions.

14.4 A manually-operated hoist shall be provided with a means to prevent rapid handle mpvement, fast
unspooling, @r uncontrolled descent.

14.5 A posittive cranking force shall be required to raise or lower a manually-operated hoist.|See 46.2.1.

14.6 A secpndary brake supplied with a manually operated hoistyshall comply with the refjuirements in
Secondary Brakes, Section 37.

ELECTRICALLY POWERED HOISTS
15 Genera

15.1 In adqition to the requirements specified in Sections 1 — 13, an electrically powergd hoist shall
comply with the requirements in Sections 16 ~ 32, 35 — 66, and 69 — 74, as applicable.

15.2 When|a battery is used as the ‘primary power supply, a battery charge indicator shall be provided on
the hoist.

16 Accessjbility of Uninsulated Live Parts, Film-Coated Wire, and Moving Parts

16.1 To redluce the risk of unintentional contact that may involve a risk of electric shock from an
uninsulated [ive part-or film-coated wire, or injury to a person from a moving part, an gpening in an
enclosure shpll.comply with either (a) or (b).

a) For an opening that has a minor dimension (see 16.5) less than T inch (25.4 mm), such a part or
wire shall not be contacted by the probe illustrated in Figure 16.1.

b) For an opening that has a minor dimension of 1 inch or more, such a part or wire shall be spaced
from the opening as specified in Table 16.1.

Exception No. 1: A motor need not comply with these requirements if it complies with the requirements in
16.2.

Exception No. 2: The inrunning wire rope need not comply with these requirements at any point where a
static guide is provided. If roller guides or tension rollers are used, a fixed shield or static guard shall be
provided to prevent access to the pinch area by the probe shown in Figure 16.2.
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Exception No. 3: For a winding drum hoist, the inrunning wire rope at the drum need not be guarded when
the drum is located in an area not readily accessible to a user in the normal work position. The pinch area
shall be located off and below, or a minimum of 7 feet (2.13 m) above, the normal scaffold work area.

Table 16.1
Minimum distance from an opening to a part that may involve a risk of electric shock or injury to
persons
Minor dimension of opening,? Minimum distance from opening to part,
inches (mm)® inches (mm)°
3/4 191 4-1/2 114
1 254 6-1/2 145
1-1/4 31.8 7-1/2 190
1-1/2 38.1 12-1/2 318
1-1/8 47.6 15-1/2 394
2-1/8 54.0 17-1/2 444

2See 16.5.

b Between 3/4 4nd 2-1/8 inches, interpolation is to be used to determine a value betweenyalués specified in the table.
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Figure 16.1
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16.2 Regarding a part or wire in an integral enclosure of a

motor mentioned in Exception No. 1 to 16.1:

a) An opening that has a minor dimension (see 16.5) less than 3/4 inch (19.1 mm) complies with

these requirements if:

1) A moving part cannot be contacted by the probe illustrated in Figure 16.2;

2) Film-coated wire cannot be contacted by the probe illustrated in Figure 16.3;

3) In a directly accessible motor (see 16.6), an uninsulated live part cannot be contacted by

the probe illustrated in Figure 16.4; and

4) In an indirectly accessible motor (see 16.6), an uninsulated live part cannot be contacted

by the probe illustrated in Figure 16.2.

opening that has a minor dimension of 3/4
d from the opening as specified in Table 16.1.

b) An
space

Figure 16.2
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Figure 16.3
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16.3 The probes mentioned in 16.1 and 16.2 and illustrated in Figure 16.1 — Figure 16.4 shall be applied
to any depth that the opening will permit; and shall be rotated or angled before, during, and after insertion
through the opening to any position that is necessary to examine the enclosure. The probes illustrated in
Figure 16.1 and Figure 16.4 shall be applied in any possible configuration, and if necessary, the
configuration shall be changed after insertion through the opening.

16.4 The probes mentioned in 16.3 and 16.5 shall be used as measuring instruments to evaluate the
accessibility provided by an opening, and not as instruments to evaluate the strength of a material; they
shall be applied with the minimum force necessary to determine accessibility.

16.5 With r¢ference to the requirements in 16.1 and 16.2, the minor dimension of an-opening is the

diameter of the largest cylindrical probe having a hemispherical tip that can be insérted| through the
opening.
16.6 With rgference to the requirements in 16.2, an indirectly accessible motorfisya motor that is:
a) Acdessible only by opening or removing a part of the outer enclosure, such as a gyard or panel,
that can be opened or removed without using a tool or
b) Logated at such a height or is otherwise guarded or-&nclosed so that it is uplikely to be
contagted.

A directly acq

is located so a@s to be accessible to contact.

16.7 During
part of the er
attach an acc

essible motor is a motor that can be contacted.without opening or removing an|

the examination of a hoist to determine compliance with the requirements in 14
closure that may be opened or removed by the user without using a tool (for
essory or to make an operatingsadjustment) is to be opened or removed.

y part or that

5.1 or 16.2, a
example, to

16.8 With reference to the requirements in 16.1 and 16.2, insulated brush caps are not rg¢quired to be

additionally e
17 Protecti

17.1  An uni
that protectio
other intende

hclosed.
bn of Service Personnel

nsulated live'part of a hoist involving a risk of electric shock shall be located on
h from Lnintentional contact will be provided while lamps or fuses are chang
] operations.

enclosed so
bd, or during

17.2 Live partsstattbe arranged-and enctosure covers tocated without presenting a risk of

lectric shock

to persons while removing and replacing a cover during servicing indicated in the operating instructions.

17.3 An electrical component that may require examination, adjustment, servicing, or maintenance while
energized shall be located and mounted with respect to other components and to grounded metal parts so
that it is accessible without subjecting the serviceperson to a risk of electric shock. Access to a component
for servicing shall not be impeded in the direction of access by another component or wiring.

17.4 Protection against risk of electric shock may be obtained by:

a) Placement of live parts so they are recessed at least 1/8 inch (3.2 mm) from the plane of the
front of the fixed portion of the enclosure;

b) Placement of devices mounted at the face of a wiring compartment so that they are at least 1/8
inch from the front edge of the wiring compartment; or
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c) Incorporation of projections or guards to effect a construction equivalent to the 1/8-inch recess.

18 Electrical Component Enclosures

18.1 General

18.1.1
under conditi

ons of anticipated service, total or partial collapse which may result in:

a) The reduction of spacings, or the loosening or displacement of parts; and

An electrical enclosure or enclosure part shall have the necessary strength and rigidity to resist,

b) Other defects that alone or in combination can result in a risk of fire or electric shock.

18.1.2 The
combination

18.1.3 If ne
handling in s

construction of enclosures for individual electrical components, outer eng
of the two is to be considered in determining compliance with the requirement i

hipment, installation, and use.

18.1.4 Access to the interior of electrical enclosures shall require the use of tools.

18.1.5 Eledg

trical enclosures shall comply with the Rain Test, Section 59.

18.2 Nonnietallic enclosures

18.2.1 Amd
nonmetallic 6

a) Me
b) Re|
c) Mo
d) Co

e)Re

Under condi

ng the factors that shall be taken into_consideration when evaluating the acc
nclosure are:

chanical strength,

sistance to impact,
sture-absorptive properties,
mbustibility, and

sistance to_distortion at temperatures to which the material may be subjected.

ions..of.-normal or abnormal use, the material shall not display a loss of the

beyond the

losures, and
n 18.1.1.

cessary, an enclosure shall be reinforced or formed to reduce, the risk of dgmage during

pptability of a

se properties
evaluated on

r]linimum level of safety as a result of aging. A nonmetallic enclosure is also to be

the basis of the-effect of exposure to water and ultraviolet light.

18.2.2 The mechanical strength of a nonmetallic enclosure or enclosure part shall be at least equivalent
to that of a sheet-metal enclosure of the minimum thickness specified in Table 18.1.
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Table 18.1
Thickness of sheet metal for enclosures — carbon steel or stainless steel

With supporting frame or equivalent
Without supporting frame? reinforcing® Minimum thickness
Maximum width,® | Maximum length,® | Maximum width,”® | Maximum length, Uncoated, Metal coated,
inches (cm) inches (cm) inches (cm) inches (cm) inch (mm) inch (mm)
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
6.0 15.2 Not limited 9.5 241 Not limited 0.026¢ 0.66 0.029° 0.74
7.0 17.8 8.75 22.2 10.0 254 12.5 31.8
8.0 20[3 Not imited 12.0 30.9 Not limited 0.052 0.01 0.0B4 0.86
9.0 2219 11.5 29.2 13.0 33.0 16.0 40.6
12.5 31|18 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
18.0 457 Not limited 27.0 68.6 Not limited 0.053 135 0.0p6 1.42
20.0 50,8 25.0 63.5 29.0 73.7 36.0 91.4
22.0 559 Not limited 33.0 83.8 Not limited 0.080 1.52 0.063 1.60
25.0 6315 31.0 78.7 35.0 88.9 43.0 109.2
25.0 635 Not limited 39.0 99.1 Not limited 0.067 1.07 0.0[70 1.78
29.0 737 36.0 91.4 41.0 104.1 51.0 129.5
33.0 838 Not limited 51.0 129.5 Not lithited 0.080 2.03 0.0B4 2.13
38.0 9615 47.0 119.4 54.0 137.2 66.0 167.6
42.0 1064.7 Not limited 64.0 162.6 Not limited 0.093 2.36 0.0p7 2.46
47.0 119.4 59.0 149.9 68.0 172.7 84.0 2134
52.0 132.1 Not limited 80.0 203,2 Not limited 0.108 2.74 0.1111 2.82
60.0 152.4 74.0 188.0 84.0 2134 103.0 261.6
63.0 160.0 Not limited 97.0 246.4 Not limited 0.123 3.12 0.1p6 3.20
73.0 18%.4 90.0 228.6 103.0 261.6 127.0 322.6
2See 18.3.1.4.
b The width is th smaller dimension of a rectangular piece of sheet metal that is part of an enclosure. Adjacent surfaces of an
enclosure may have supports in common.and be made of a single sheet.
¢ Not limited apglies only if the edge-of.the surface is flanged at least 1/2 inch (12.7 mm) or fastened to adjacent surfaces not
normally removgd in use.
9 Sheet steel forfan enclosure.jitended for outdoor use — raintight or rainproof — shall not be less than 0.034 inch (0.6 mm) thick if
zinc coated and|not less than{0:032 inch (0.81 mm) thick if uncoated.
18.2.3 If thg dimensional stability of a nonmetallic material is intended to maintain the corjtinuity of the
grounding system;an it |vcot;9at;w —shalt-be—conductedtodetermine—the—effect-of ayil gof the material.

The result shall show that aging has a minimal effect on the material and poses no risk of fire, electric
shock, or injury to persons.

18.3 Metallic enclosures

18.3.1

18.3.1.1

General

the earth or other corrosive agents.

18.3.1.2 Cast metal of an enclosure shall be:

a) At least 1/8 inch (3.2 mm) thick at every point and

These requirements do not cover the effects of corrosion that might be caused by exposure to
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b) Greater than 1/8 inch thick at reinforcing ribs and door edges.

Exception: The thickness of die-cast metal may be:

a) Not less than 3/32 inch (2.4 mm) thick for an area greater than 24 square inches (154.8 cm?) or
having any dimensions greater than 6 inches (152 mm), and

b) Not less than 1/16 inch (1.6 mm) thick for an area of 24 square inches or less and having no

dimensions greater than 6 inches.

The area limitation may be obtained by the provision of reinforcing ribs subdividing a larger area.

18.3.1.3 SH
Table 18.2.

18.3.1.4 W
channel, or f

a) Is rfigidly attached to the enclosure surface,

b) Ha

c) H3
enclo

Table 18:2

eet metal of an enclosure shall have a thickness not less than that specified in ]

th reference to Table 18.1 and Table 18.2, a supporting frame isyan angleg
plded rigid section of sheet metal, that:

5 essentially the same outside dimensions as the enclosufe surface, and

s sufficient torsional rigidity to resist the bending“moments that may be a
sure surface when it is deflected.

Thickness of sheet metal for enclosures — aluminum, copper, or brass

able 18.1 and

| structure or

bplied by the

With supporting frame or equivalent
Without supporting frame® reinforcing?
Maximum width,? Maximum length, Maximum width,” Maximum length, Minimyim 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 Nof limited 10.0 254 Not limited 0.029 0.74
5.0 12.7 6.0 15.2 10.5 26.7 135 34.3
6.0 15.2 Not limited 14.0 35.6 Not limited 0.036 0.91
6.5 16.5 8.0 20.3 15.0 38.1 18.0 45.7
8.0 20.3 Not limited 19.0 48.3 Not limited 0.045] 1.14
9.5 244 445 29-2 24-6 53-3 25-0 63-5
12.0 30.5 Not limited 28.0 711 Not limited 0.058 1.47
14.0 35.6 16.0 40.6 30.0 76.2 37.0 94.0
18.0 457 Not limited 42.0 106.7 Not limited 0.075 1.91
20.0 50.8 25.0 63.4 45.0 114.3 55.0 139.7
25.0 63.5 Not limited 60.0 152.4 Not limited 0.095 2.41
29.0 73.7 36.0 91.4 64.0 162.6 78.0 198.1
37.0 94.0 Not limited 87.0 221.0 Not limited 0.122 3.10
42.0 106.7 53.0 134.6 93.0 236.2 114.0 289.6
52.0 132.1 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

Table 18.2 Continued on Next Page
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Table 18.2 Continued

With supporting frame or equivalent

Without supporting frame? reinforcing?®

Maximum width,° Maximum length,® Maximum width,” Maximum length,

inches (cm) inches (cm) inches (cm) inches (cm) inch

Minimum thickness,

(mm)

2See 18.3.1.4.

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

¢ Not limited applies only if the edge of the surface is flanged at least 1/2 inch (12.7 mm) or fastened to adjacent surfaces not
normally removed in use.

94 Sheet copper,
inch (0.74 mm)

brass. or aluminum for an enclosure intended for outdoor use — raintight or rainproof — shall not be less than 0.029

thick.

18.3.1.5 Itn

produce a stfucture as rigid as one that is built with a frame of angles or channgls. Const

without a sup
a)As
b)As
c) An

d) An
18.3.2 Corr

18.3.2.1 An

a)Ao0
detern
inside

b) On
surfac

18.3.2.2 Co
determine the

18.3.2.3 A s

nay be determined that equivalent reinforcing can be accomplished by.construc

porting frame include:

ngle sheet with single formed flanges or formed edges;
ngle sheet that is corrugated or ribbed;

pnclosure surface loosely attached to a frame, for eéxample, with spring clips; and

enclosure surface having an unsupported edge.
psion protection

enclosure of cast iron or malleable-iron shall be protected against corrosion by:

00015-inch (0.0038-mm) thick-coating of zinc or cadmium (or other compound t
hined to be equivalent) onthe outside surface and a visible coating of such
surface or

b coat of an organic: finish of the epoxy or alkyd-resin type or other outdoor p
e

frosion tests-are to be conducted on the paint noted in 18.3.2.1(b) unless an e
suitability of the paint's composition.

heet steel enclosure having a thickness less than 0.126 inch (3.20 mm) if z

tions that will
ruction types

hat has been
metal on the

aint on each

aluation can

nc-coated or

0.123 inch (3.12 mm) thick if uncoated shall be protected against corrosion by one of the following means:

a) Hot-dipped mill galvanized sheet steel conforming with the coating Designation G90 in Table | of
the Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-lIron Alloy-Coated
(Galvannealed) by the Hot-Dip Process, ASTM A653/A653M-94, with not less than 40 percent of
the zinc on any side, based on the minimum single-spot-test requirement in this ASTM
specification. The weight of zinc coating may be determined by any method deemed acceptable;
however, in case of question, the weight of coating shall be established in accordance with the
Standard Test Method for Weight (Mass) of Coating on Iron or Steel Articles for Zinc or Zinc-Alloy
Coatings, ASTM A90/A90M-93.

b) A zinc coating, other than that provided on hot-dipped mill galvanized sheet steel, uniformly
applied to an average thickness of not less than 0.00061 inch (0.015 mm) on each surface with a
minimum thickness of 0.00054 inch (0.014 mm). The thickness of the coating shall be established
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by the Metallic-Coating-Thickness Test, Section 48. An annealed coating shall also comply with
18.3.2.8.

¢) A zinc coating conforming with 18.3.2.4 (a) or (b) with open coat of an organic finish of the epoxy
or alkyd-resin type or other outdoor paint on each surface applied after forming. See 18.3.2.2.

d) A cadmium coating not less than 0.001 inch (0.025 mm) thick on both surfaces. The thickness of
the coating shall be established in accordance with the Metallic-Coating-Thickness Test, Section

48.

€) A cadmium coating not less than 0.00075 inch (0.019 mm) thick on both surfaces with one coat
of outdoor paint conformmg with 18.3.2. 1(b) and 18.3.2.2 on both surfaces or not less than

Thick|

Exception: (
protection ag

18.3.2.4 Ar
thick if uncogd

a) Ho
Table
(Galv
the z
speci
howe
Stand
Coati

b) A
applig
minin
by the

c) Tw
See 1

d) An

Exception: (

|ckness of the cadmlum coatmg shall be estabhshed in accordance W|th the Me
hess Test, Section 48, and the paint shall be as specified in (c).

Dther metallic or nonmetallic coatings that have been determined o provi
described in 18.3.2.6 may be used.

enclosure of sheet steel 0.126 inch (3.20 mm) thick if zinc'eoated, or 0.123 in
ted or heavier shall be protected against corrosion by one(of the following mean

t dipped, mill-galvanized sheet steel conforming with, the coating Designation (
| of the Specification for Steel Sheet, Zinc Coated (Galvanized) or Zinc-Iron
Bnnealed) by the Hot-Dip Process, ASTM A653/A653M-94, with not less than

ication. The weight of zinc coating may ‘be determined by any method deeme
ver, in case of question, the weight oficoating shall be established in accord
ard Test Method for Weight (Mass)0f’Coating on Iron or Steel Articles for Zing
hgs, ASTM A90/A90M-93.

vinc coating, other than that provided on hot-dipped, mill-galvanized sheet st
d to an average thickness of not less than 0.00041 inch (0.010 mm) on each s
um thickness of 0.00034 inch (0.009 mm). The thickness of the coating shall b
Metallic-Coating-Thickness Test, Section 48.

D coats of an organic finish of the epoxy or alkyd resin or other outdoor paint on
8.3.2.2.

y one af\the means specified in 18.3.2.3.

oth surfaces.
allic-Coating-

le equivalent

ch (3.12 mm)

D.

560 or A60 in
Alloy-Coated
40 percent of

inc on any side, based on the minimum 'single-spot-test requirement in this ASTM

d acceptable;
bnce with the
or Zinc-Alloy

eel, uniformly
urface with a
e established

each surface.

le equivalent

Dther metallic or nonmetallic coatings that have been determined to provi

protection as described in 18.3.2.6 may be used.

18.3.2.5 The requirements in 18.3.2.4 also apply to sheet steel that is 0.056 inch (1.42 mm) thick if zinc-
coated or 0.053 inch (1.35 mm) if uncoated or heavier for use as an enclosure that is intended to be
mounted within an enclosure of other equipment (such as an air conditioner) so that it will be protected
from direct exposure to weather. Such an enclosure shall not be marked rainproof or raintight.

18.3.2.6 With reference to 18.3.2.3 — 18.3.2.5, other finishes, including paints, metallic finishes, and
combinations of the two may be used if comparative tests with galvanized sheet steel (without annealing,
wiping, or other surface treatment) conforming with 18.3.2.3(a) or 18.3.2.4(a), as applicable, indicate that
they provide equivalent protection. Among the factors that are to be considered when evaluating the
acceptability of such coating systems are exposure to salt spray, moist carbon dioxide-sulfur dioxide-air
mixtures, moist hydrogen sulfide-air mixtures, ultraviolet light, and water.
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18.3.2.7 Test specimens of a finish as described in 18.3.2.1, 18.3.2.3(c), 18.3.2.4(c) or 18.3.2.6 (if the
paint is tested) are to be consistent with the finish that is to be used in production with respect to the base
metal, cleaning or pretreatment method, application method, number of coats, curing method, thickness,
or the like.

18.3.2.8 A hot-dipped, mill-galvanized A60 (alloyed) coating or an annealed zinc coating that is bent or
similarly formed after annealing, and that is not otherwise required to be painted, shall be painted in the
bent or formed area if the bending or forming process has damaged the zinc coating. However, such areas
on the inside surface of an enclosure that are not exposed to water during the rain test need not be
painted. The zinc coating is considered to be damaged if flaking or cracking of the zinc coating at the
outside radius of the bent or formed section is visible at 25 power magnification.

18.3.2.9 The requirements in 18.3.2.8 apply to extruded and rolled edges, but not to punghed holes or
simple sheargd or cut edges unless the base material is over 0.125 inch (3.18 mm) thick:

19 Supply Connections
19.1 General

19.1.1 A holst shall be provided with a power-supply cord that is not likely to be damaged of impaired by
any cutting edges, blades, belts, or rotating parts of the hoist during.intended operation.

Exception: A hoist may employ a connector base for connecting.an extension cord.

19.1.2 A hojst intended for use with an extension cord.shall not be provided with terminal[pins that will
accommodat¢ a standard flat iron or appliance plug.

19.1.3 A power-supply cord or extension cord that is made available for use with a hoist ShI" be of Type
SJ, SJT, SO, BOO, ST, STO, STOO or of a type’at least equally serviceable for the particular application.

19.1.4 A power-supply cord or extension cord shall comply with the outdoor-use requiremgnts specified
in the Standafd for Cord Sets and Power-Supply Cords, UL 817.

19.1.5 A pojer-supply cord-shall be for use at a voltage not less than the rated voltage of the hoist and
shall have an ampacity, as. determined in accordance with the National Electrical Code, NFPA 70, of not
less than the purrent rating of the hoist.

19.1 .6 An a tachment plug shall have a current rating not less than the rated current of thg hoist, and a
se on two or

‘ lug provided
with the hoist shaII be rated for the voltage for which the hoist is connected when shlpped from the factory.
See 74.2.4.

19.1.7 A three- to two-wire grounding adapter shall not be provided with a hoist.
19.1.8 An attachment plug may be of the locking type.

19.1.9 An attachment plug shall be provided with a weather sleeve to prevent the entrance of moisture
during the Rain Test, Section 59.

19.1.10 A weather sleeve shall be constructed so that it will withstand, without visible signs of cracking or
deterioration, the effects of oxygen aging as determined by the Accelerated-Aging Test, Section 58.
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19.1.11 Weather sleeves made of plastic shall meet the flammability tests in accordance with the
Horizontal Burning Test (HB) specified in the Standard for Tests for Flammability of Plastic Materials for
Parts in Devices and Appliances, UL 94.

19.1.12 The power supply from the battery shall comply with one of the following and shall be considered
with respect to the intended use temperatures and conditions of service:

a) The Standard for Thermoplastic-Insulated Wires and Cables, UL 83;
b) The Standard for Flexible Cords and Cables, UL 62;

c¢) Outline for Welding Cable, UL 1276;

d) The Standard for Electrical Cables for Boats, UL 1426; or

e) The Standard for Machine-Tool Wires and Cables, UL 1063.
Exception: This requirement does not apply to wiring located in a LVLE circuit.

19.1.13 Wiring located within the battery compartment shall comply with.ohe of the following and shall be
considered with respect to the intended use temperatures and conditions of service:

a) Outline for Battery Lead Wire, UL 2726; or
b) Outline for Low Voltage Battery Cable, UL 4127;

c) For wiring smaller than 6 AWG, the requirements in 12.1 would apply and the ¢gffects of acid
expogure need not be evaluated.

19.2 Strain relief
not be transmitted to terminals, splices, or internal wiring. See the Strain-Relief Test, Section 53. If a

metallic straip-relief means is provided; it shall not contact uninsulated live parts or reduce spacings within
the enclosurg if the cord is moved.inward. The cord shall not be subject to damage by moving parts.

19.2.1 The|power-supply cord shall beprovided with strain relief means so that a strain o%; the cord will

19.3 Bushings

19.3.1 A byshing shall be secured in place at the point where a flexible cord passes through an opening
in a wall, barfier, or:enclosing case. The bushing shall have:

a) A Smooth, rounded-surface againstwhich the cord may bear and

b) Heat- and moisture-resistant properties that have been evaluated to be acceptable for the
application.

Exception: A smoothly rounded hole in the wall or barrier may be used in lieu of a separate bushing.

19.3.2 The edges of the entry hole for the power-supply cord, including the cord entry hole in a bushing,
shall be smooth and rounded, without burrs, fins, or sharp edges which might damage the cord insulation.
The power-supply cord shall be routed so as to prevent damage to the cord insulation.
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20 Internal Wiring

20.1 General

20.1.1 The internal wiring of a hoist shall consist of appropriately sized wires or appliance wiring material

with insulation thicknesses, as specified in Table 20.1. The following are to be considered in determining

the suitability
a) The

b) Exp

of wiring:
temperature and voltage to which the wiring may be subjected,

osure to oil or grease, and

c) Ex

osure 10 other condanions or anticlpatea service.

Table 20.1
Appliance-wiring material

Minimum thickness of insulation
Type of igsulation inch (mm) 250-volt applications

Thermoplastic 0.028 0.71
0.013 0.33%

Rubber 0.013 0.33 Plus an impregnated-braid| cover
0.028 0:71 Without a braid cover

Neoprene 0.013 0.33 Plus an impregnated-braid cover
0.028 0.71 Without a braid cover

Silicone Rubbe| 0.013 0.33 Plus an impregnated-braid| cover
0.028 0.71 Without a braid cover®

@ Only for short
and with groun

® Only if routed
wiring and whilg

moving pigtails or coil leads; provided such leads make no more than casual contact with parts of o
ed parts.

pway from live parts-of opposite polarity and protected from mechanical damage both during installa
in operation, unless_.material has been determined to provide resistance to mechanical damage.

posite polarity

ion of field

20.1.2 Appl
used for an
condition of s

ance wiring material insulation with thickness less than that specified in Table
applieation, if the insulation when evaluated with respect to temperature,
ervice’is determined to be equivalent to the specified insulation.

20.1 may be
voltage, and

20.1.3 Deleted

20.1.4 A flexible cord used for external interconnection shall be provided with bushings and strain relief
in accordance with 19.2.1 — 19.3.2.

Exception: Bushings and strain relief are not required when the construction is such that the cord will be
protected from stress and motion.

20.1.5
enclosure of t

he hoist.

Insulated wires may be bunched and passed through a single opening in a metal wall within the

20.1.6 Wiring inside an enclosure that may otherwise be subjected to mechanical damage shall be in

metal-clad ca

ble, conduit, or electrical metallic tubing, or shall be otherwise protected.
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20.1.7

Insulating tubing employed in lieu of wire insulation shall be of a type that has been evaluated and

determined acceptable for the application and shall have a minimum wall thickness of 1/32 inch (0.8 mm).

20.2 Wiring methods

20.2.1  Wiri

a)Be

ng shall:

protected against damage;

b) Be supported and routed to reduce the risk of damage due to contact with sharp edges such as
fins on moving parts, or with hot parts that may attain a temperature in excess of that for which the

wire i

c) No

20.2.2 Mea

the cord's en
a)Su
b) Ex

c)Re

d) Intg

20.2.3 All
connection

q
J
g
J

connection nay result in a risk of electric shock.

20.2.4 A sp
the connecto
20.2.5 Insu

Exception: If
splice shall b

20.2.6 A sj

motion, or vit|>ration.

nsulation is rated; and

be immersed in water unless it is for use in wet locations.

ns shall be provided to prevent a flexible cord from being pushed intoxtheé encl
fry hole if such displacement is likely to:

bject the cord to mechanical damage; or
pose the cord to a temperature higher than that for which itis rated; or

Huce spacings, such as to a metal strain-relief clampg.below the required values.

plices and connections shall be mechanically secure and bonded electricall
hall be made mechanically secure before being soldered if breaking or loo

licing device of the thread-on or'setscrew type shall be secured by wrapping
r with friction tape or by othef means determined to be equivalent.

ation on a splice shall be at least 1/32 inch (0.8 mm) thick.

spacing between-the splice and other metal parts cannot be maintained, in§
e as thick as the required insulation of the wires involved.

lice shall’be located, enclosed, and supported so that it is not subject to dan

erfere with other hoist components or equipment.siich as relays, brakes, or othef

bsure through

similar parts.
. A soldered

sening of the

he wires and

ulation of the

nage, flexing,

20.2.7 A splicing device, such as a fixture-type splicing connector, pressure wire connector, or the like,
may be employed if it provides mechanical security and employs insulation rated for the voltage to which it
is intended to be subjected. In determining if splice insulation consisting of coated fabric, thermoplastic, or
other type of tubing may be used, consideration is to be given to such factors as its electrical, mechanical,
and flammability properties. Thermoplastic tape wrapped over a sharp edge shall not be used.

20.2.8 The means of connecting stranded internal wiring to a wire-binding screw shall be such that loose
strands of wire will not contact other live or dead metal parts. This may be accomplished by use of
pressure terminal connectors, soldering lugs, crimped eyelets, soldering of all strands of the wire, or other

means that h

ave been determined to be equivalent.

20.2.9 The internal wiring shall be constructed and assembled to reduce the risk of electric shock due to
weather exposure.
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20.2.10 Moisture-resistant wiring materials, such as Type RW, RHW, TW, THW, XHHW, MTW, THW-
MTW, or THWN, may be used between electrical component enclosures if enclosed in rigid flexible-steel

conduit or ele

20.2.11

ctrical metallic tubing.

raintight fittings, or in liquid-tight flexible metal conduit with fittings.

Other wiring materials may be installed in either rigid conduit or electrical metallic tubing with

20.2.12 The wiring assembly shall be constructed and located so as to exclude water from electrical

enclosures in

21 Groundi

accordance with 59.1.

ng

21.1 The pa

wer-supply cord of a hoist shall include an equipment grounding conductor.

21.2  An eqlipment grounding conductor of a power-supply cord shall be connected to the grounding

member of ar

21.3 The su
conductor sh
installer other

214 A wire-
green-coloreq
connection off

a) Useg
or botl

b) Us€
c) Ussg
d) Bei
e)Anm

f) The
diagra

The wire-bind

attachment plug of the grounding type.

rface of an insulated lead intended solely for the connection of an equipme
bll be finished green with or without one or more yellow stripes. No other lead
than grounding conductors shall be so identified.

binding screw intended for the connection of an equipment-grounding conducto
head that is hexagonal, slotted, or both. A\pressure terminal connector
such a conductor shall be identified by:

of a wire binding screw with a green-colered head that is hexagonal, slotted,
-

of a threaded stud with a green eolored hexagonal nut;
of a green colored pressurg terminal connector;
ng marked "G", "GR", "GND", "Ground", "Grounding", or the like;

arking on a wiring diagram provided on the product; or

grounding.symbol illustrated in Figure 21.1 on or adjacent to the terminal, o
m provided-on the product.

ing'screw or pressure wire connector shall be located so that it is not removed ¢
e'machine.

servicing of th

nt grounding
visible to the

shall have a
intended for

tross-slotted,

r on a wiring

uring normal
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Figure 21.1

Grounding symbol

215 The W

removed dufing anticipated servicing of the equipment. At a wire-binding screw, upturne
nall be provided to retain the conductor. If a pressure connector is used ag
ntended for the supply conductors and if it could-be mistaken for the neutral g
supply, a marking shall be additionally provided indicating "EQUIPMENT GROUND" or i

equivalent s
connectors i

connector by

21.6 A tern
conductor of

21.7 A sold
shall not be U

22 Bondin
221 Gene

2211
shall be bond

IEC417, Symbol 5019

ire-binding screw or pressure terminal connector shall be’located so that it is

a green color.

ninal for connection of an equipment‘grounding conductor shall be capable
the size determined acceptable for the application.

sed for the grounding terminal.
g for Grounding

al

An ¢xposed-dead metal part of a hoist that is likely to become energized through

ed-to the point of connection of the field-equipment grounding means.

ering lug, a push-in (screwléss) connector, or a quick-connect or similar friction

unlikely to be
d lugs or the
jacent to the
f a grounded
Hentifying the

bf securing a

-fit connector

electric fault

22.1.2 To determine whether a part is likely to become energized, such factors as the construction, and
the proximity of wiring are to be considered. If necessary, an investigation is also to be conducted to

determine co

a)Ad

mpliance with:

ielectric voltage-withstand test after the overload and endurance tests and

b) When subjected to the Limited Short-Circuit Test, Section 65, in the as-received condition only.

22.1.3 Except as indicated in 22.1.6 — 22.1.8 and 22.1.10, uninsulated metal parts of cabinets, electrical
enclosures and covers, motor frames and mounting brackets, controller mounting frames and brackets,
capacitors, and other electrical components shall be electrically bonded if they can be contacted by the
user or serviceperson.
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22.1.4 For the purposes of bonding, an uninsulated metal part is considered to be exposed if a 4-inch
(101-mm) rod having a 3/8-inch (9.5-mm) diameter and a hemispherical end can be inserted through an
opening following removal of all guards, baffles, and covers that can be detached without the use of tools.

22.1.5 Operations or adjustments that are considered to expose live parts to users are those made at the
time of installation or during intended use. These operations include the:

a) Replacement of fuses,

b) Resetting of overload devices, or

c¢) Oiling of motors.

2216 Thef
a)Ap
b)Ap

Additionally, {
be done whilg

22.1.7 Metq parts, such as adhesive-attached metal-foil marking, screws, handles, and t

not comply w

a) Lo
groun

b) Seq
22.1.8 The
a) Sm
b) Har

c) Rel

22.1.9 Unin
contactor ma

ollowing are considered not exposed to a user:
art on the back side of a component mounting panel or

art in a location that requires tools for major disassembly.

uch parts are considered not exposed to a serviceperson unless it is likely that
the main unit is energized after disassembly.

th the requirements in 22.1.1 if:

ated on the outside of enclosures and isplated from electrical components
led metal parts so that they are not likely to.become energized or

arated from wiring and spaced from.tninsulated live parts as if they are groundg

equirements in 22.1.1 do not apply to:
bll internal assembly screws or other small fasteners such as rivets,
dles for pull-out disconnect switches, and

by and contactar magnets and armatures.

jnets and’armatures) by clamping, routing, or the equivalent that will maintain sg

etal panel or cover employed as described in (a) — (c) need not comply with th

servicing will

he like, need

or wiring by

d parts.

sulated Jlive~parts and wiring shall be separated from moving parts (such as relay and

paration.

22110 Anm

requirement

in22.1.1if:

a) The panel or cover is insulated from electrical components and wiring by an insulating barrier of
vulcanized fiber, varnished cloth, phenolic composition, or other moisture-resistant material not
less than 1/32 inch (0.8 mm) thick that is secured in place;

b) The panel or cover does not enclose uninsulated live parts, and wiring is separated from the
panel or cover so that it is not likely to become energized; or

c) The panel or cover is separated from live parts and wiring, and the like, by grounded or bonded
interposing metal such that the interposing metal would be subject to the electrical fault before the
isolated metal part in question.
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22.1.11

If a component after installation in the hoist is likely to be separated from its intended bonding

during testing or adjustment while energized, it shall be provided with a bonding terminal or bonding

conductor th

at does not require removal from the component for such service.

22.2 Construction and connections

22.21

22211

Bonding conductors

that have been evaluated for use as electrical conductors.

22212 B
jumper.

22213 A
22214 If

conductor is
for the comp
circuit overc
conductor fo
protection of

22215 A

equivalent n
enameling, g

or strap shall

a) Prq

b) Se
condy

The ends of {

22216 A
following:

a)Th

b) Th

The requirements in 22.2.1.2 — 22.2.1.7 apply only to materials depended upon for bonding and

PUH aall le Lalaealle tal 4 tal + $ of Ll oy I
IIUIIIU <Al v dUUUTTIPTIOTNTCU IJy e artiuTnciar Luriaol Ut uic ydito Ul Uy a oCpyY

splice shall not be employed in a wire used for bonding purposes.

irrent device smaller than other overcurrent devices used with the equipme
r that motor shall be sized on the basis of the overeufrent device intended fo
the motor.

etal. A ferrous-metal part in the grounding’ path shall be protected against
alvanizing, plating, or similar means that has been evaluated. A separate bond
be:

cured by a removable fastener used only for the purpose of bonding, unless
ctor is unlikely to be omitted after removal and replacement of the fastener.

he bonding conducter shall be in metal-to-metal contact with the parts to be bon

bonding conductor for a separate component shall not be smaller than the ¢

b AWG size specified in Table 22.1 or

more than one size of branch-circuit overcurrent device is involved, the size o
fo be based on the rating of the overcurrent device intended to provide ground-fault protection
bnent bonded by the conductor. For example, if a motor is individually protected

bonding conductor or strap for a separate component shall be of copper, col

rate bonding

f the bonding

by a branch-
nt, a bonding
I ground-fault

pper alloy, or
corrosion by
ng conductor

tected from mechanical damage(or be located within the outer enclosure or franmpe and

the bonding

ded.

maller of the

adetaor-arianh +h
S UUTNiuuvivl OUPPI)’ T

Ing ure

Exception: A smaller bonding conductor may be used if it complies with the requirement in 61.1.
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Table 22.1

Bonding-wire conductor size

Maximum current rating Size of Bonding Conductor?®
oJVs::t:::?e?;Zuetvoi?eait:]c Copper wire, Aluminum wire, Rigid i%r;?il:\izl?r Plpe Etlsgitrrli;ﬂonr]nei;a;:i,c
circuit ahead of
equipment, conduit, and
the like AWG (mm?) AWG (mm?) inch®  (mmOD) | jnch® (mmOD)
209 12 3.3 10 5.3 1/2 213 1/2 21.3
30 10 5.3 8 8.3 1/2 213 1/2 21.3
40 10 5.3 8 8.3 1/2 21.3 1/2 21.3
60 10 53 8 83 1/2 213 1/2 21.3
100 8 8.4 6 13.3 1/2 21.3 1/2 21.3
200 6 13.3 4 21.2 1/2 21.3 112 21.3
2 Or equivalent cross-sectional area.
® Trade size in @ccordance with the Specification for Zinc-Coated Rigid-Steel Conduit, ANSI C80.1.
¢ Trade size in gccordance with the Specification for Zinc-Coated Metallic Tubing, ANSI C80.3.
9 For a cord-coffnected product, the grounding wire in the cord may be the same size as the current-carrying condugtors.

22217 Th
exceed the re

22.2.2 Resilient rubber mountings

22221 Th
depended up

22222 An
rubber compq

22.2.2.3 Elg
in which the n

22224 A

means that has been determined to be equivalent.

22225 A
removed from

b impedance of the path between the two parts connected by the bonding condy
quirements specified in the Impedance Test — Bondifg/Conductors, Section 62.

b requirements in 22.2.2.2 — 22.2.2.9 apply only to resilient rubber mounti
bn for bonding.

electrical bonding member across a resilient rubber mounting shall be of meta
unds (loaded rubber) shall nef.be used for bonding.

ctrical bonding shall be such that there is a path for electric current regardless d
hotor is rotated with_respect to the base.

ponding member’shall be welded, clamped, riveted, secured by screws, or g

pbonding. member shall be secured by a means that will retain the member
its.base. A connection that is necessary to remove intentionally, such as a scre

ctor shall not

ngs that are

. Conductive

f the manner

ecured by a

f a motor is
i or a bolt, at

one or both e

hds‘of a bonding member complies with this requirement

22.2.2.6 A bonding member shall be so enclosed, located, or otherwise protected to reduce the risk of
damage during handling or installation.

22227

resistant to corrosion or shall be plated or finished to protect against corrosion. See 63.1.1.

If a metal part of a resilient rubber mounting also serves as a bonding path, it shall be inherently

22.2.2.8 Metal parts in a bonding path shall be compatible so that there will be negligible or no
electrolytic action between dissimilar metals.

22.2.2.9 A bonding member shall have the flexibility to withstand normal mechanical stress due to

vibration.
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22.2.210

If a motor is intended to be used in an application where weather, atmospheric conditions,

contaminants, or the like might cause deterioration of the bonding means, these factors are to be

considered a

nd additional tests may be necessary.

23 Mounting of Components

231

shall be secured in its mounting position and shall be prevented from turning.

Exception: A

a)Th

switch may turn if all the following conditions are met:

o switch is a plunger or other type that does not tend to rotate when operated. A

A switch, fuseholder, attachment plug receptacle, connector base, or similar electrical component

toggle switch

is con
b) Th
c) Th

d) Th
perso

e) If the rotation will not cause any wiring to be overstressediesulting in a possible ha

its int
23.2 Them
Exception: A

as the mear
mounting me

23.3 Unins
prevented frq
required valy

23.4 Frictio)
However, a |

24 Capacitors

24.1 Motor

sidered subject to forces that tend to turn the switch during its intended operatio
b means for mounting the switch makes it unlikely that operation of the switch wi
b spacings are not reduced below the minimum required values if the switch rota

e intended operation of the switch is by mechanical means rather than by dirg
ns.

pnded operation.
eans for preventing turning is to rely on more than friction between surfaces.

toothed lock washer that provides both, spring take-up and an interference loch
s for preventing a small stem-mounted switch or other small device having
ans from turning.

Ilated live parts shall be secured to the base or mounting surface so that
m turning or shifting in position if such motion may result in a reduction of spaci
es.

h between surfaces ‘cannot be used as a means to prevent shifting or turning
bck washer applied as intended may be used.

starting and running capacitors shall be housed within an enclosure.

n.
I loosen it.
fes.

ct contact by

zard or impair

can be used

a single-hole

they will be
ngs below the

of live parts.

Exception: A

separate enclosure for the capacitor is not required if:

a) The capacitor is protected against damage by the outer enclosure of the hoist or

b) The thickness of the metal shell of a capacitor is in accordance with Table 18.1 and Table 18.2,
and the terminals are securely enclosed.

242

If the container of an electrolytic capacitor is constructed of metal, the container shall be either:

a) Insulated from dead metal parts by moisture-resistant insulation not less than 1/32 inch (0.8 mm)

thick,

or a means that has been evaluated and determined to be the equivalent or

b) Separated from dead metal parts by spacings as specified under the "General" heading in Table

31.1.
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24.3 The voltage rating of a capacitor other than a motor starting capacitor shall not be less than the
maximum steady-state potential to which the capacitor is subjected during operation of the hoist.

25 Insulating Material

25.1 Material for the mounting of current-carrying parts shall be porcelain, phenolic composition, cold-
molded composition, or other material determined acceptable for the application.

25.2 Vulcanized fiber may be used for insulating bushings, washers, separators, and barriers, but not as
the sole support for live parts of other than low-voltage circuits. Plastic materials may be used for the sole
support of live parts if an investigation shows them to have the necessary:

a) Me¢hanical strength,

b) Rig|dity,
c) Registance to heat,
d) Flame propagation,
e) Arc|ng resistance,

f) Cregping resistance,

g) Moisture characteristics,

h) Dielectric withstand characteristics, and

i) Other properties that may be required for the application.

These proper

25.3 A molg
of anticipated
means unless
to be subjects

26 Motors

26.1 A motd

ties shall not breakdown below their required minimum levels of safety as a resu

ed part shall have the mechanical strength and rigidity necessary to withstand

service. A brush cap. shall be protected from mechanical damage by reces
the part has the mechanical strength necessary to withstand the abuses to wh
d.

r shall-bé capable of handling its rated working load.

== H=0

26.2 A mot

t of aging.

the stresses
5ing or other
ich it is likely

P bhall ot th K oo £ ot e | ] P20 tacl \asie H nat—r
T VVIIIUIIIH oAl TCOoIol U0 avoUlpuult Ul TTTIVIoUTC. T Tmouatlocu witc 1o 11Ut 1

quired to be

additionally treated to prevent absorption of moisture. However, fiber slot liners, cloth coil wrap, and similar
moisture absorptive materials shall be impregnated or otherwise treated to prevent moisture absorption.

26.3 A motor-protective device shall not open the circuit during intended operation of the hoist. See the
Temperature Test, Section 52.

26.4

If a motor is provided with impedance protection, it shall comply with the Standard for Impedance

Protected Motors, UL 1004-2. If a motor is provided with an inherent thermal protector, it shall comply with
the Standard for Thermally Protected Motors, UL 1004-3.

26.5 The insulation system of a motor shall be of a temperature rating not less than that at which the
motor windings are intended to operate.
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26.6 A motor shall employ insulation at least equivalent to Class A insulation consisting of a combination
of magnet wire and materials such as vulcanized fiber, polyethylene terephthalate, cambric, treated cloth,
treated paper, or materials for use in insulation systems higher than Class A. Wood may be used for
wedges.

Exception: Nylons, polycarbonates, integral ground insulation systems, and other insulation systems may
be employed in a Class A insulation system if, after being subjected to an investigation consisting of

thermal conditioning and overload tests, the insulation is determined to be acceptable for their application.

27 Receptacles

27.1 Acon

shall not be |
protection.

27.2

than the con
considered p

Exception: A
electrically d

27.3 Thefa
a)Be
b) Prg

27.4 Attach
the applicabl

renience recentacle if nrovided on - a haist _shall he 2 araunded tvne rated for
P T P 7 1) P

ated less than 15 amperes, and shall be provided with integral ground fault.¢irg

lled on a hoist, a convenience receptacle shall be protected by an -overcurr

If inst
device proviIed as an integral part of the hoist assembly. The protective device shall not H

Venience receptacle. More than one convenience receptacle rated 15 amperes
rotected by a 20 ampere overcurrent protective device.

n integral protective device is not required if thelHoist control circuitry is
sconnect the receptacle whenever power is appliedifo.the hoist motor.

ce of a receptacle shall:
flush with or project beyond a nonconductive surrounding surface or

ject at least 0.015 inch (0.38 mm) beyond a conductive surrounding surface.

ment plugs and receptacles employed for connection of the hoist shall be in ac
b requirements in the Standard for Attachment Plugs and Receptacles, UL 498.

28 Switches and Controllers

28.1 Each
unintentional

28.2 A swif
circuit (load)

hoist shall have its own separate movement control that shall be gu3
actuation.

ch or ather control device shall have a current and voltage rating not less th
that.it controls.

120 volts AC,
uit interrupter

bnt protective
e rated more
on a circuit is

arranged to

cordance with

rded against

hn that of the

28.3 A switching device that controls a motor, another load, or both shall have a current interrupting
capacity not less than the locked rotor load of the motor plus the other load. See the overcurrent tests in
the Tests on Switches and Controllers, Section 56.

28.4 The current rating of a switch that controls an inductive load other than a motor, such as a
transformer, shall not be less than twice the rated full load current of the inductive load unless the switch
has been evaluated for use with the application.

28.5 A switch shall be located or protected so that it will not be subjected to mechanical damage or
unintentional tripping.

28.6 A switch employed for the hoisting function shall be of either:

a) The momentary contact type or
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b) The fixed position type.

If of the fixed position type, the switch either shall have provision for automatic locking when in the off
position or shall be guarded against unintentional actuation.

28.7 A hoist shall not employ a through-cord switch.

28.8 A single pole switch in a hoist employing a polarized attachment plug shall be connected to the
conductor not intended to be grounded.

29

Interlock Switches

29.1 Interns
Table 31.1.

29.2 An opt
is in use, sha

| spacings of an interlock switch shall be as specified under the "Safety Control

onal interlock switch that prevents operation of the hoist when, for-eXxample, a 1
| also comply with the requirements specified in Switches and Controllers, Sectid

30 Uninsulated Live Parts

30.1 Uninsy
onto the live

31 Spacings

31.1 The sp
a dead metal
the value spe
friction betwe|
required spad

Exception: TH
except at wiri
spacings are

arts. See the Rain Test, Section 59.

acing between uninsulated live parts of:opposite polarity, between uninsulated |
part that is exposed to contact by persons or that may be grounded, shall not

en surfaces, or if a movable dead metal part is close to an uninsulated live part,
ing shall be maintained in all'possible positions of the movable part.

e spacing requirements in Table 31.1 do not apply to the inherent spacings if]
ng terminals, or to-the inherent spacings of a component provided as part of th
fo be investigated-on the basis of the requirements for the component.

5" heading in

nanual crank
n 28.

lated live parts of a hoist shall be completely enclosed'so as to prevent the entrance of water

ve parts and
be less than

cified in Table 31.1. If an uninsulated live part is not fixed in position by means other than

the minimum

side motors,
e hoist. Such
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Table 31.1
Spacings at parts other than motor components and field-wiring terminals

Location

Distance

Minimum spacings

General

51 -150 volts,

inch (mm)

151 - 250 volts,

inch (mm)

251 -1000
volts,

(inch)  (mm)

1 horsepower
(746 watt
output) or less,

inch (mm)

inch

Safety
controls,?

(mm)

Between any

part and an

uninsulated live

uninsulated live

Through
air or oil

Over
surface

1/8 3.2

1/4 6.4

1/4 6.4%

3/8 9.5%

3/8 9.5

12 12.7

116 1.6°

1/8 3.2%

part of opposit
polarity, an
uninsulated
grounded dea
metal part othg
than an

exposed dead
metal part that
isolated
(insulated).

Between any
uninsulated liv
part and the w
of a metal
enclosure
including fitting
for conduit or
metal-clad
cable.®

enclosure, or gn

3

r

is

Shortest
] distance
hlls

[

12 12.7

1/2 12.7

12 12.7

1/4 6.4

1/8 3.2b

1/4 6.4

1/4 6.4

2 In a safety cg
point, shall not|

® In a safety co
terminal and a

¢ For the purpd
deformation of]

Introl, the spacing between same polarity liveé parts on opposite sides of a switching mechanism, exc
be less than 1/32 inch (0.8 mm) through ‘air and 1/16 inch (1.6 mm) over surface.

Introl and equivalent, the spacing between wiring terminals regardless of polarity and the spacing bef
lgrounded dead metal part (including the enclosure) shall not be less than 1/4 inch (6.4 mm).

se of this requirement, a metal piece attached to the enclosure is considered to be a part of the encl
the enclosure is likely to reduce the spacing between the metal piece and uninsulated live parts.

Ppt at contact

ween a wiring

sure if

31.2 The ¢

ectrical clearance resulting from the assembly of a component into the com

including cle@rances to-dead metal or enclosures, shall be as specified in Table 31.1.

313 Inaw
spacings shg

iring“device, such as a snap switch, that is a part of a safety control circuit
Il.alse be as specified under the "Safety Controls" heading in Table 31.1.

31.4

a) Live parts of opposite polarity,

b) A live part and an exposed dead metal part, or

If an isolated dead metal part is interposed between:

c) A live part and a dead metal part that may be grounded,

blete product,

br equivalent,

the spacing may be minimum 3/64 inch (1.2 mm) between the isolated dead metal part and any of the
parts in (a) — (c) if the sum of the spacings between the isolated dead metal part and each of the other two
parts is not less than that specified in Table 31.1. Also, see Figure 31.1.
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Figure 31.1

Spacings for isolated dead metal parts

CASE (1) — lIsolated dead metal parts between live parts

Live Parts Of

Isolated Dead

Opposite — A —= ~—B —= Live Part
Polarity Metal Part

CASE (2) — Isolated dead metal parts between dead metal

and live parts

Dead Metal Part

That Is Exposed [, 5 _ _| Isolated Dead e r :
Or May Be A Metal Part B (e Part
Grounded

Sp949

NOTE — Spacing A and spacing B shall be at least 3/64 inch (1.2 mm), and spaGing A plus spacing B shall not be legs than specified

in Table 31.1.
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31.5 An insulating liner or barrier of vulcanized fiber, varnished cloth, mica, phenolic composition, or
similar material employed to provide spacings shall not be less than 0.028 inch (0.71 mm) thick.

Exception No. 1: 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.

Exception No. 2: Insulating material of lesser thickness may be used if, upon investigation, it is
determined to be acceptable for the application.

31.6 Internal spacings in a motor shall comply with the spacing requirements in the Standard for Rotating
Electrical Machines-—=General anllirnmnnfe’ UL 1004.-14

32 PrintedtWiring Boards

32.1 A circpit board shall comply with the requirements in the Standard for Printed-Wiring Boards, UL
796.

PNEUMATIGALLY POWERED HOISTS
33 Genera

33.1 In addition to the requirements specified in Sections<h— 13, a pneumatically powerged hoist shall
comply with the requirements in Sections 34 — 48, 67, 68, and 72 — 74.

34 Compopents

34.1 Exteripr pressure confining parts of air system components shall be constructed of meal, except for
gaskets, hosps, and filters that are protected by a metal guard.

34.2 Castifon shall not be employed for pressurized fittings or tubing.

34.3 The operating control employed for the hoisting function may not be provided with{ a means for
locking in the run position.

POWER-OPERATED HOISTS

35 Genera

35.1 These requirements apply to electrically-powered and pneumatically-powered hoists.
35.2 A power-operated hoist shall be constructed so that it must be powered when descending.

Exception No. 1: A manual crank that allows descent of the hoist without power may be provided. The
crank operating mechanism shall not allow free wheeling of the crank.

Exception No. 2: A power-operated hoist may be provided with a controlled descent device for use in the
event of power failure. The controlled descent device shall comply with the requirements in 35.4 — 35.8.

35.3 A means shall be provided to maintain the wire rope under tension when being spooled onto the
drum. This means shall prevent tension from being released from the wire rope when the load is removed
from the wire rope (such as when the scaffolding is resting on the ground).
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35.4 A controlled descent device shall be independent of the primary and secondary brake. It shall be
isolated from the hoist system, unless intentionally held in engagement, by means of a clutch, switch or
other mechanism. See Figure 35.1 for a schematic of a hoist system denoting the required application of a
controlled descent device.

Exception: If provided with a marking complying with 74.4.1, a hoist construction may be used that
provides automatically actuated controlled descent operation in the event of a primary brake failure. This
construction would not provide a controlled descent disconnect device,; see Item B in Fiqgure 35.1.

Figure 35.1
Hoist system schematic

§3458

A — Controlled dgscent device.

B — Disconnect device (must be manually engaged to the hoist drive train).
C — Primary brake.
D — Hoist drum of sheave.
E — Secondary bfake.
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35.5 Any component of a hoist, the failure of which could initiate unintentional operation of the controlled
descent device, shall comply with the requirements of the Strength Test, Section 42.

35.6 A hoist provided with a controlled descent device shall have a manual actuator on the secondary
brake. The manual actuator shall operate as intended with the hoist in any mode of operation and with or
without power to the hoist.

35.7 A controlled descent device shall be actuated only by a control that:
a) Requires constant pressure for actuation and

b) Simultaneously releases the primary brake.

Deactuation
down operat

of the control shall engage the primary brake. The hoist shall be capable|of
on after use of the controlled descent mode.

normal up or

35.8 A conyrolled descent mode of operation shall cause a rate of descent that’is not greater than 1.5

times the noiimal descent speed of the hoist when operated with rated load.
36 Primary Brakes
36.1 A pov

connected td
friction devic

ake shall be
ot be through

ver-operated hoist shall be provided with a primaty brake. The primary b
the drum or drive train of the hoist by a positive:means. The connection shall n
ps, belts, roller chains, or clutches.

36.2 A prim

ary brake shall automatically engage whénpower to the prime mover is interrupted.

37 Secondary Brakes

37.1 A hoig
the requirem

t shall be provided with an automatic, emergency-type secondary brake that
bnts in the Accelerating-Descent Speed Test, Section 44.

complies with

37.2 Atraction hoist shall be provided with an automatic, emergency-type secondary brake(that complies

with the requirements in the Operation Test — Hoist Run-Off, Section 43, and the Acceler
Speed Test, Bection 44. All haists shall comply with the requirements in Section 44.

37.3 A secpndary brake shall be independent of the drive train of each hoist. The actuatin
of a secondgry brake“may be separate from the brake. The secondary brake of a traction
directly on the stspension wire rope. The secondary brake of a winding-drum hoist shall act

hting-Descent

g mechanism
noist shall act
on either the

suspension wirerope or directly on the drum or drum extension.

37.4 The secondary brake shall not be used to stop and hold the suspended load, except under
overspeed conditions or when it may be manually actuated in accordance with 37.5. Under normal hoist
operating conditions, such a brake shall not engage before the hoist and load have stopped their descent
due to engagement of the primary brake.

37.5 A secondary brake may be provided with a manual actuator. The actuator shall require only a
momentary contact to actuate the brake and maintain braking action and shall be arranged so that it
cannot bypass the secondary brake.

37.6 A secondary brake shall include a provision for periodic testing under simulated overspeed
conditions.
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37.7 A secondary brake shall not be rendered inoperative by outside contamination when maintained as

intended.

38 Load-Limiting Devices

38.1
requirements

in 46.1 shall:

a) Be integral with or permanently attached to the hoist and

A load-limiting device that is provided on a power-operated hoist in order to comply with the

b) Disconnect power to the prime mover of a hoist that is ascending if the load applied to the hoist
exceeds 300 percent of the rated working load.

The construction may prevent ascent only or ascent and descent, but instructions accopipan
form the user of the protection provided. See the Load-Limiting Test, Section 46

shall clearly i

38.2 Ifaloa
factory, it can
adjustable se

38.3 Compl
made with co

38.4 A shed
that the prima

Exception: A

pin shall limit
the maximum
relied upon tg

39 Guards

39.1 A pullg
guarded to re

39.2 Aguar

a) Be

|

d-limiting device is provided, it shall be constructed so that after adjustment and
hot be reset in the field to a position that would allow the hoist to lift a greater w
ting may be provided to limit the lifting capacity to a lesser weight.

ance with the requirement in 38.2 relating to adjustment results if the adjustms
mmonly available hand tools, for example, a wrench.@r)a screwdriver.

r pin shall not be used as a load-limiting device and shall not be positioned in t
ry and secondary brakes may become ineffective.

shear pin may be used to further limit the'lifting capacity of the hoist. In such cas
the lifting capacity to a value that is\greater than 125 percent of the rated load

comply with the requirements ofthe Load-Limiting Test, Section 46.

y, belt, gear, and™~all other moving parts of a power-operated hoist shall be
Huce the risk oflinjury to persons.

0 that must be removed for lubricating, reeving, or similar adjustments or operati

hinged.or equivalently attached and

load lifted by the hoist during the\Load-Limiting Test, Section 46. The shear piI

ing the hoist

setting at the
eight. A field

nt cannot be

e system so

es, the shear

nd less than

shall not be

enclosed or

ons shall:

b) Re

i i the opemn position after opening:

39.3 A guard required by 39.1 shall be of metal or of an equivalent material that has been evaluated.
Among the factors that are to be taken into consideration when evaluating a nonmetallic guard or
enclosure are:

a) The mechanical strength,

b) Resistance to impact, and

c) Resistance to atmospheric aging.
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t of its rated

PERFORMANCE

ALL HOISTS

40 Normal-Operation Test

40.1 General

40.1.1 A hoist shall ascend or descend as intended when either the manual crank is operated or the
prime mover is activated while the hoist is carrying 125 percent of its rated working load.

40.1.2 The[primary brake shatl stop the controtfed descent of a hotst carrying 125 perce

load and shall hold the hoist without slippage.

40.1.3 A trpction hoist carrying 125 percent of its rated working load shall mot”drop

ascending of

40.1.4 The

descending.

tests are to be initiated while the hoist is held suspended astintended by the p

Winding-druin hoists are to be tested while the maximum number of layers of wire rope sp

manufacture

40.1.5 For
operated hoi
being subjec

41 Endura

41.1
subjected to

- are wrapped around the drum.

a manually powered hoist, two as-received sample hoists are to be tested.
5t, one sample is to be tested in the as-received ¢ondition and one sample is to &
ed to the Endurance Test, Section 55.

hce Test — Actuating Mechanisms for.Power-Operated Hoists

An inferlock switch or actuating mechanism shall function as intended before an

5000 cycles of operation.

41.2 An inferlock switch used with_an electrically powered hoist is to be tested at thg

amperage it
41.3 Anint
a)Th

b) Th
value

s intended to control. See Table 49.1.

briock actuatingmechanism used with a pneumatically powered hoist is to be teg

b hoist's marked inlet pressure or

or jerk while

rimary brake.
ecified by the

For a power-

e tested after

d after being

voltage and

ted at either:

b pressure the interlock is intended to control when supplied with pressure at thg marked inlet

41.4 An actuating mechanism used with an electrically powered hoist is to be tested at the voltage and

amperage it i

s intended to control. See Table 49.1.

42 Strength Test

42.1

A hoist, while suspended, is to be loaded for 5 minutes to four times its rated working load. No load-

bearing component of a hoist shall give way, deform, or weaken so as to result in a risk of injury to

persons.

42.2 After the test load is released, the gear train and other hoist components shall operate as intended.

42.3 The hoist is to be prepared for test by securing the power shaft of the suspended hoist from rotating,
applying the test load, and disengaging all brakes, including the primary brake.
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424 The testload is to be applied at the point of intended loading in such a way that the test load will be
transmitted throughout the speed-reduction system, starting at the output of the manual or prime-mover
power shaft and extending through the hoist's drum or sheave.

42.5 After completion of the tests specified in 42.1 and 42.2, the power shaft of the prime mover is to be
rotated the number of turns that produce one-quarter of the hoist's total speed reduction. The tests are

then to be repeated.

43 Operation Test — Hoist Run-Off

43.1

The secondary brake of a traction hoist shall catch and stop a loaded hoist where the traction drive

portion of the
its rated work|

43.2 The se

hoist is run off the lower end of the sunnart rone The haist while sunnortina 1
Lt 1 v P )

ng load, shall be run at its maximum speed off the end of the support rope.

44 Accelerating-Descent Speed Test

441 A seco

a hoist carryimg 125 percent of its rated working load before the hoist and load travel a vertic

12 inches (30

442 A secd
125 percent ¢
mm).

5 mm).

ndary brake of the decelerating type shall stop:the uncontrolled descent of a |
f its rated working load before the hoist and load travel a vertical distance of 2(

44.3 After the secondary brake stops descent of’the hoist as specified in 44.1 or 44.2, th

hold the hoist]

444 Forea
in the as rece|

445 One t4
subjected to

and load stationary for 2 minutes.

ch type of secondary brake tested, two sample hoist assemblies are to be tested
ved condition, and one sample previously subjected to the Endurance Test, Seg

st is to be conducted on each of two hoist samples. One sample is to bg
the Endurance~Test, Section 55, and is to use the same wire rope that was

Endurance Tgst. The othersample is to use a rope intended for the hoist that is in good condg

exhibiting any

446 The pn
accelerating 4

breakage-or:bird-caging of strands, or other signs of abuse.

mary:brake is to be deactivated for this test. The hoist is to be allowed to dg
peed’until stopped by the secondary brake mechanism.

00 percent of

condary brake shall catch, stop, and hold the loaded hoist stationary for 2iminutg¢s.

ndary brake intended to stop the hoist instantaneously shall stop the uncontrolled descent of

a| distance of

oist carrying
inches (508

e brake shall

. one sample
tion 55.

the sample
used in the
ition and not

escend at an

45 Wire-Ro

451
Test, Section

pe Test

a) Internal damage to the strands or individual wires,

b) Bird-caging or breakage of any wire rope strands or individual wires, or

c) Kinks or cuts.

A wire rope employed during the Endurance Test, Section 55, and the Accelerating-Descent Speed
44, shall not show:

45.2 After being subjected to the Endurance Test, Section 55, and the Accelerating-Descent Speed Test,
Section 44, a wire rope of the size and type required by 72.4 shall not break when pulled with a force equal
to the greater of the following two values:
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a) Eighty percent of the manufacturer's rated ultimate tensile strength of the wire rope in the as
received condition.

b) Six times the rated working load of the hoist.
Exception: The wire rope from a traction hoist is to be investigated after 500 cycles of the Endurance Test.

45.3 An attachment to the wire drum shall not break when pulled with a force equal to four times the
rated working load of the hoist. The load shall be applied as a direct pull on the cable in a direction

tangential to the drum at the cable connection and with no turns of cable on the drum.

46 Load-Li

46.1 Powe
46.1.1 The
disconnecteq
times its rate

46.1.2 Alo
ascending (g
load is appl
endurance tg

46.1.3 Ifa
and replace
requirements
place and th
without the s

46.2 Manu

46.2.1 The
operator sha
lever-operatsg
and in the di
used.

iting Test

r-operated hoists

prime mover of a power-operated hoist shall stall or the power) shall be
when attempts are made for the hoist to lift, from a static condition) and carry
d working load.

hd-limiting device of a power-operated hoist shall disconnéegt power to the prime
nd a descending if so designed) scaffold when a test1oad of 300 percent of the
ed to the hoist. Testing of the control switch is/t0vbe conducted in conjung
st specified in 41.1.

Ehear pin is used to further limit the lifting, capacity of a hoist, the shear pin sha
by a steel pin before the load-limiting ‘test is conducted. The hoist shall co
without use of a shear pin. The test.is'to be repeated with the factory supplie

e lifting capacity noted. The pin shall shear at a load equal to or less than

hear pin, but greater than 125 percent of rated load.

ally operated hoists

mechanical advantage offered by the gear reduction system and manual g
I not permit lifting of ‘a load in excess of three times the rated working load of th
d hoist, a force.of 200 pounds (890 N) is to be applied to the end of the lever

rection to raise the hoist. For a crank-operated hoist, a force of 75 pounds (3

automatically
three or more

mover for an
rated working
tion with the

| be removed
mply with the
I shear pin in
that recorded

rank or lever
e hoist. For a
bt 90 degrees
87 N) is to be

47 Accelerlated-Corrosion Test

471

A secondary brake mechanism shall comply with the requirements in the Accelerated-Descent

Speed Test, Section 44, after conditioning in a salt-spray environment as specified in 47.2 —47.8.

47.2 Other than as noted in 47.3, the secondary brake mechanism, except for self-lubricated bearings
and bearings of a type not requiring frequent replenishment of the lubricant, is to be taken apart and freed
of lubricant by washing in a degreasing solvent or solution prior to salt-spray exposure.

47.3 Disassembly and removal of lubricant prior to salt-spray exposure is not required when the following
conditions are met:

a) The sample is subjected to the salt-spray exposure after previously being subjected to the
Endurance Test, Section 55.
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b) The mechanism is not provided with additional lubrication during or after the Endurance Test,
Section 55.

¢) The mechanism is provided with an enclosure that protects the mechanism from contamination.

d) The enclosure meets the requirements in 16.4.

e) The instruction manual provides adequate information concerning periodic lubrication, including
the time interval and proper lubrication methods.

f) No additional lubrication is provided prior to subjecting the hoist to the Accelerating-Descent
Speed Test, Section 44, as required in 47.8.

47.4 The ap
a) Afg
b)As
Cc)As

d) On
Spray

e) Spe
f) Pro

g) The

47.5 The di
to be supplie

!

paratus for salt-spray (fog) testing is to consist of:

g chamber with the interior measuring 48 by 30 by 36 inches (1.2 by 0.8'by. 0.9 11
It solution reservoir,

pply of conditioned compressed air,

p dispersion tower constructed in accordance with the Standard Practice for O
(Fog) Testing Apparatus, ASTM B117-94, for producinga salt fog,

cimen supports,
ision for heating the chamber, and

necessary means of control.

Epersion tower for producing the salt fog is to be located in the center of the ch
| with humidified air at a presstite of 17 — 19 psi (117 — 131 kPa) so that the s

aspirated as g fine mist or fog into the interior of the chamber.

47.6 The sg
water. The pH
to 1.0400 at
throughout th

47.7 Drops

It solution is to consist of 5 percent by weight of common salt (sodium chlorid
| value of the collected solution is to be between 6.5 and 7.2 with a specific gra
25°C (70°F). The_temperature of the chamber is to be maintained at 35 +1
B test.

of solution*that accumulate on the ceiling or cover of the chamber are to be

dropping on

e specimens. Drops of solution that fall from the specimens are not to be rec

are to be rempyved\by a drain located at the bottom of the apparatus.

t

perating Salt

amber and is
bt solution is

e) in distilled
ity of 1.0255
C (95 £2°F)

liverted from
rculated, but

47.8 After reassembly, including replacement of protective covers, the device is to be placed in the test
chamber as intended in service for 72 hours. At the completion of the exposure time, the device is to be
lubricated and, without adjustment or further attention, subjected to the Accelerating-Descent Speed Test,

Section 44.

48 Metallic-

48.1

Coating-Thickness Test

The method of determining the thickness of a zinc or cadmium coating is described in 48.2 — 48.9.

48.2 The solution used for this test is to be made from distilled water and is to contain 200 grams per liter
of American Chemical Society (ACS) reagent grade chromic acid (CrO3;) and 50 grams per liter of ACS
reagent grade concentrated sulfuric acid (H,SO,). The latter is equivalent to 27 milliliters per liter of ACS
reagent grade concentrated sulfuric acid, specific gravity 1.84, containing 96 percent of H,SO,.
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48.3 The test solution is to be contained in a glass vessel, such as a separatory funnel with the outlet
equipped with a stopcock and a capillary tube having an inside bore of 0.025 inch (0.64 mm) and a length
of 5.5 inches (139.7 mm). The lower end of the capillary tube is to be tapered to form a tip, the drops from
which are to be about 0.025 milliliters each. To preserve an effectively constant level, a small glass tube is
to be inserted in the top of the funnel through a rubber stopper and its position is to be adjusted so that,
when the stopcock is open, the rate of dropping is 100 +5 drops per minute. If desired, an additional
stopcock may be used in place of the glass tube to control the rate of dropping.

48.4 The sample and the test solution are to be kept in the test room long enough to acquire the
temperature of the room, which is to be noted and recorded. The test is to be conducted at a room
temperature of 70 — 90°F (21 — 32°C).

r nonmetallic

48.5 Each
coatings are
dried with cl

fo be removed by means of solvents. Samples are then to be thoroughly rinseq

ample is to be cleaned before testing. All grease, lacquer, paint, and othg

an cheesecloth. Care is to be exercised to avoid contact of the cleanéd, surfa

in water and
ce with one's

hands or any| foreign material.

48.6 The sample to be tested is to be supported from 0.7 to 1.0 inch (17.8 to 25.4 mm) bel
so that the dqrops of solution strike the point to be tested and run off quickly. The surface
should be inglined about 45 degrees from horizontal.

bw the orifice,
to be tested

48.7 The s
metal coatin
appearance

48.8 Each
stenciled, or

surfaces, sp
enclosures fi

deformation

48.9 To cal

appropriate
required to e

opcock is to be opened, and the time the dropping'solution takes to dissolve
j exposing the base metal is to be measured in Seconds. The timing end po
bf the base metal recognizable by a change in«color at that point.

sample of a test lot is to be subjected to.the test at three or more locations, §
threaded surfaces, on the inside surfa¢e and at an equal number of locations g
ecifically at places where the metal coating may be expected to be the
bbricated from precoated sheets, the external corners that are subjected to
bre likely to have the thinnest coatings.

culate the thickness of the coating being tested, select from Table 48.1 the thi
or the temperature at which the test was conducted and multiply by the tim
Kpose base metalas-described in 48.7.

he protective
int is the first

excluding cut,
n the outside
thinnest. On
the greatest

ckness factor
e in seconds

Table 48.1
Thickness of coatings
Thickness factors, 0.00001 inches (0.00025 mm) per

|  Temperature second

°F (°C) Cadmium plating Zinc plating
70 211 1.331 0.980

71 21.7 1.340 0.990

72 222 1.352 1.000

73 22.8 1.362 1.010

74 23.3 1.372 1.015

75 23.9 1.383 1.025

76 24.4 1.395 1.033

77 25.0 1.405 1.042

78 25.6 1.416 1.050

Table 48.1 Continued on Next Page
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Table 48.1 Continued

Thickness factors, 0.00001 inches (0.00025 mm) per
Temperature, second
°F (°C) Cadmium plating Zinc plating
79 26.1 1.427 1.060
80 26.7 1.438 1.070
81 27.2 1.450 1.080
82 27.8 1.460 1.085
83 28.3 1.470 1.095
84 28.9 1.480 1.100
8p 29.4 1.490 T.110
8p 30.0 1.501 11RO
8y 30.6 1.513 1.1B0
88 31.1 1.524 1.181
8p 31.7 1.534 1.160
9p 32.2 1.546 1.1p0

ELECTRICALLY POWERED HOISTS

49 General
49.1 Unlesy otherwise specified, values of the supply voltages for the performance tests shall be as
specified in Table 49.1.
Table 49.1
Values of supply voltage for tests
. . . - a,b
Test procedure Voltage rating of device and corresponding test potential, vqlts'

Test reference 110 =120 | 200 — 208 | 220 — 240 | 254 — 277 | 440 -480 | 550 —6Q0 | 601 — 1000
Endurance 41.2and 41.4 120 208 240 277 480 600 1000
Leakage-Currerjt Section 50 120 208 240 277 480 600 1000
Input Section 51 120 208 240 277 480 600 1000
Temperature Secfion 52

AC 120 208 240 277 480 600 1000
DC 115 230
Abnormal- Section 54 120 208 240 277 480 600 1000
Operation
Overload Section 56 120 208 240 277 480 600 1000
Overvoltage and Section 57
Undervoltage
Overvoltage, AC 132 229 264 305 528 660 1100
orDC
Undervoltage, 102 177 204 235 408 510 900
AC
Undervoltage, 96 166 192 222 384 480
DC
Short Circuit Section 61 120 208 240 277 480 600 1000

Table 49.1 Continued on Next Page
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Table 49.1 Continued
. . . . a,b
Test procedure Voltage rating of device and corresponding test potential, volts
Test reference 110-120 | 200 — 208 | 220 — 240 | 254 — 277 | 440-480 | 550 — 600 |601—1000

@ |f the rating of the product does not fall within the voltage ranges specified, the product is to be tested at the nominal voltage rating
of the attachment plug provided on the product. See 74.2.1 and 74.2.2.

b For the tests, the product shall be connected to the supply source using that power-supply and extension cord intended for use
with the product and providing a total of 250 feet (76 m) of electrical supply cord. If an integral reel and power-supply cord are
provided as part of the hoist, testing shall be conducted with the length of cord to be supplied with the product. In either case, if the
electrical supply cord recommended by the manufacturer is less than 250 feet, the hoist shall be tested with that maximum length of
cord recommended by the manufacturer.

50 Leakag

50.1 The I
tested in acci

a)0.5
b) 0.5

c) 0.7

p-Current lest

akage current of a cord-connected hoist rated for a nominal 250-volt@rless
brdance with 50.3 — 50.7 shall not be more than:

milliampere for an ungrounded 2-wire portable or stationary hoist;
milliampere for a grounded 3-wire portable hoist; and

5 milliampere for a grounded 3-wire stationary hoist using a standard attachmé

20 amperes or less.

50.2 Leaka
conveyed be
hoist.

50.3 All ex
these surfac
simultaneous

ge current refers to all currents, includingi capacitively coupled currents,
tween exposed conductive surfaces of a haist and ground or other exposed s

posed conductive surfaces are to be\tested for leakage currents. The leakage
bs are to be measured to the graunded supply conductor individually as well as
ly accessible, and from one_surface to another if simultaneously accessib

considered t

be exposed surfaces unless’guarded by an enclosure that has been evaluated

against the rjsk of electric shock as defined in Accessibility of Uninsulated Live Parts, Film-
and Moving [Parts, Section 16. Surfaces are considered to be simultaneously accessible i

readily cont

ted by one or both~hands of a person at the same time. These measurements

to terminals gperating at voltages that are not considered to involve a risk of electric shock. If
surfaces are|bonded togéther and connected to the grounding conductor of the power-su
leakage currént can be measured between the grounding conductor and the grounded suppl
exposed dead metal parts of the hoist are connected to the neutral supply conductor, this co
be open duripg thétest.

supply when

ent plug rated

that may be
irfaces of the

currents from
collectively if
le. Parts are
for protection
Coated Wire,
[ they can be
do not apply
all accessible
bply cord, the
conductor. If
nnection is to

50.4

If a conductive surface other than metal IS used for the enclosure or part of the enclosure, the

leakage current is to be measured using a metal foil with an area of 10 by 20 centimeters in contact with
the surface. If the surface is less than 10 by 20 centimeters, the metal foil is to be the same size as the
surface. The metal foil is not to remain in place long enough to affect the temperature of the hoist.

50.5 The measurement circuit for leakage current is to be as illustrated in Figure 50.1. The measurement
instrument is defined in (a) — (c). The meter that is actually used for a measurement need only indicate the
same numerical value for a particular measurement as would the defined instrument. The meter used
need not have all the attributes of the defined instrument.

a) The meter is to have an input impedance of 1500 ohms resistive shunted by a capacitance of
0.15 microfarad.

b) The meter is to indicate 1.11 times the average of the full-wave rectified composite waveform of
voltage across the resistor or current through the resistor.
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c) Over a frequency range of 0 — 100 kilohertz, the measurement circuitry is to have a frequency
response — ratio of indicated to actual value of current — that is equal to the ratio of impedance of a
1500-ohm resistor shunted by a 0.15-microfarad capacitor to 1500 ohms. At an indication of 0.5 or
0.75 milliampere, the measurement is to have an error of not more than 5 percent at 60 hertz.

50.6 Unless the meter is being used to measure leakage from one part of a hoist to another, it is to be
connected between the accessible parts and the grounded supply conductor.

50.7 A sample of the hoist is to be tested for leakage current starting with the as-received condition — the
as-received condition being without prior energization, except as may occur as part of the production-line
testing. The supply voltage is to be adjusted to the voltage specified in Table 49.1. The test sequence, with
reference to the measurement circuit in Figure 50.1 is fo be as follows:

a) With switch S1 open, the hoist is to be connected to the measurement circuit. Leakage current is
to be [measured using both positions of switch S2, with the hoist switchingdevicgs in all their
normd| operating positions.

b) Switch S1 is then to be closed energizing the hoist, and within 5 seconds, the leakage current is
to be measured using both positions of switch S2 with the hoist switching devices in al| their normal
operafing positions.

c) Thg leakage current is to be monitored under thermal stabilization. Both positions|of switch S2
are to|be used in determining this measurement. Thermalstabilization is considered t¢ be obtained
by opgration as in the normal temperature test.
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Figure 50.1

Leakage-current measurement circuits
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Product intende

Product intende
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B — Separated 4

% INSULATING
—— TABLE
GROUNDED SUPPLY CONDUCTOR B
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i for connection to a 120-volt power supply.
— s2 PRODUCT METER
120V B A J
40V <+—
120V |_
!
St % INSULATING
—— TABLE
GROUNDED SUPPLY CONDUCTOR B
€200
i for connection to a 3-wire, grounded-neutral power supply, as illustrated above.
S2 GR
<,_, J)_‘ PRODUCT METER
120V ‘ N J
40V <—|_0_o%1 L @ g }
120V [, o—l
R Elie 0501
- % INSULATING
—— TABLE
GROUNDED:~SUPPLY CONDUCTOR B
€300
i for connection:to'a 3-wire, grounded-neutral power supply, as illustrated above.
shielded/dead.
nd used-as a clip when measuring currents from one part of a product to another.
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50.8 Normally a sample will be carried through the complete leakage-current test, as specified in 50.7,
without interruption for other tests. With the concurrence of those concerned, the leakage-current test may
be interrupted for the purpose of conducting other nondestructive tests.

51

511

Input Test

The current input shall not be more than 110 percent of the rated value when the hoist is operated

with the rated working load applied and when connected to a supply circuit of rated frequency and
maximum rated voltage as specified in Table 49.1.

51.2 When a battery is used as the primary power supply, the current input shall not exceed the battery’s

maximum rat

d-discharae current
J

52 Temperature Test

52.1 When
attain a temp
the hoist.

52.2 For thi
minutes. This
m). The 30 m

52.3 During

52.4 With
conducted. D
shall not excsd

52.5 A shor
of more than
provided with
See the Diele

ested under the conditions of rated working load, an as-received hoist'shall no
brature that may result in a risk of fire or electric shock or damage.any materials

5 test, a hoist is to be operated continuously so as to raise and lower the rate
may be done in increments of not less than 15 feet (4.6.m) and not more than 3
nute accumulated time includes both up and down{operation.

this test, a motor-protective device, if provided;.shall not open the circuit.

uring this optional break-in period; measured temperatures at specific points
ed the temperatures specified in Table 52.1 by more than 11.5°C (20.0°F).

length of rubber- or thermoplastic-insulated flexible cord may be exposed to a
60°C (140°F), such as~at‘terminals. However, the individual cord conducto
supplementary heat-resistant insulation with the proper dielectric withstand g
ctric Voltage-Withstand Test, Section 60.

52.6 All val
(77°F). Tests

52.7 Temp
AWG (0.21

es for temperatures in Table 52.1 are based on an assumed ambient tempera
ay be conducted at any ambient temperature within the range of 10 —40°C (50

atures~are to be measured with thermocouples conS|sting of wires not larger
2) and not smaIIer than No 30 AWG (O 05 mm 2. When thermocouples

at any point
employed in

d load for 30
00 feet (91.4

he concurrence of those concerned, a break-in period of 3 hours of opergtion may be

on the hoist

temperature
rs should be
haracteristic.

ture of 25°C
— 104°F).

than No. 24
are used to

es consisting

of No. 30 AWG iron and constantan wire and a potentiometer-type mstrument such equipment is to be
used whenever referee temperature measurements by thermocouples are necessary. The thermocouple
wire is to be in accordance with the requirements specified in the Initial Calibration Tolerances for
Thermocouples table in Temperature Measurement Thermocouples, ANSI/ISA MC96.1.
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Table 52.1
Maximum temperatures
Materials and components °c (°F)
A.MOTORS
1. Motor Class A (105)
Thermocouple method 105 (221)
Resistance method 115 (239)
2. Motor Class E (120)
Thermocouple method 115 (239)
Resigtenee-methed 425 (257)
3. Motor ¢lass B (130)
Thernocouple method 125 (257)
Resi$tance method 135 (275)
4. Motor ¢lass F (155)
Thermocouple method 150 (302)
Resigtance method 160 (320)
5. Motor ¢lass H (180)
Thernocouple method 165 (329)
Resigtance method 175 (347)
6. Motor ¢lass N (200)
Thermocouple method 180 (356)
Resigtance method 190 (374)
7. Motor ¢lass R (220)
Thermocouple method 195 (383)
Resigtance method 205 (401)
B. COMPONENTS
1. Capacifors:
a. Elgctrolytic® 65 149
b. Other types® 90 194
2. Fuses® 90 194
3. Relay, $olenoid, and¢he like with®
a. Class 105-ihsulation systems
Thermocouple method 90 194
Resistance method 110 230
b. Class 130 insulation systems
Thermocouple method 110 230
Resistance method 120 248
4. Sealing compound 40 104
less than melting point
5. Terminals 75 167
C. CONDUCTORS
1. Rubber- or thermoplastic-insulated wires and cords"9 60 140
D. ELECTRICAL INSULATION — GENERAL

Table 52.1 Continued on Next Page
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Table 52.1 Continued
Materials and components °C (°F)

1. Fiber employed as electrical insulation 90 194
2. Phenolic composition employed as electrical insulation or as a part the
deterioration of which could result in a risk of fire or electric shock®

a. Laminated 125 257

b. Molded 150 302
3. Varnished-cloth insulation 85 185

E. SURFACES

1. Wood or other combustible material, including inside surface of the test enclosure 90 194
and the sufface supporting the product

2 At a point of th
means of a the
measured by th
be more than th
1.5°C (9°H
(178 mm)
2.10°C (1
or less, op
3.15°C (2
7 inches, d
4.20°C (3
7 inches, d

5.15°C (2
6.15°C (2

® The diameter
excluding lugs,

¢ For an electro|
material integrg

4 A capacitor th
limit.
¢ Afuse that ha

A rubber-insul
of a flexible cor

e surface of a coil where the temperature is affected by an external source of heat, the temperature
mocouple may be more than the maximum temperature specified in this table provided the tempéra
e resistance method, is not more than that specified. The temperature measured by means of a ther]
e specified value by:

) for Class A insulation systems on coil windings of an alternating-current motor having a diameter g
br less, open type.

°F) for Class B insulation systems on coil windings of an alternating-currentmotor having a diamets
En type.

[°F) for Class A insulation systems on coil windings of an alternatingécurrent motor having a diamets
pen type.

°F) for Class B insulation systems on coil windings of an alternating-current motor having a diamete
pen type.

[°F) for Class 105 insulation systems on windings of a relay, a solenoid, and the like.
[°F) for Class 130 insulation systems on windings of'a'relay, a solenoid, and the like.

bf a motor is the diameter of the circle circumsgribing the stator frame measured in the plane of the |
fins, boxes, and the like, used solely for motoimounting, cooling, assembly, or connection.

ytic capacitor that is physically integral with or attached to a motor, the maximum temperature on ing
| with the capacitor enclosure shall not be' more than 90°C (194°F).

bt operates at a temperature of morethan 90°C (194°F) may be evaluated on the basis of its marked

5 been investigated, and evaluated for use at a higher temperature may be used at that temperature

hted conductor within a-Class A insulated motor, a rubber-insulated motor lead, and a rubber-insulat
i entering a motor may.be subjected to a higher temperature if the conductor is provided with sleevir]

that has been i

9 Phenolic com
higher tempera

Vi
insulated wires'kr cords.

estigated and determined acceptable for use at the higher temperature. This does not apply to the

osition and‘rabber and thermoplastic insulation that has been investigated and determined accepta
ures may.be used at those temperatures.

measured by
ure, as
mocouple may

if 7 inches

r of 7 inches

r of more than

 of more than

minations,

ulating

temperature

bd conductor
g or a braid
moplastic-

ble for use at

52.8 Ifthe

oist’'has a single frequency rating, the test is to be conducted at that frequency

A hoist rated

either for alternating current/direct current or direct current — 60 hertz is to be tested on direct current or 60
hertz alternating current, whichever results in higher temperatures. A product rated 25 — 60 hertz or 50 —
60 hertz is to be tested on 60-hertz alternating current. If a battery is used during testing as the primary
power supply, the battery shall be fully charged.

52.9 If the hoist incorporates a reel for the power-supply cord, one-third of the length of the cord is to be
unreeled for the test.

52.10 Tests are to be conducted under actual operating conditions. However, if agreeable to those
concerned, loading may be accomplished by means of a dynamometer or generator set.

52.11 During the optional break-in period, the hoist may be allowed to cool to near ambient temperature
after each time it has been subjected to continuous 30 minutes of operation as described in 52.2. A motor
protective device, if provided, shall not open the circuit during the optional break-in period.
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52.12 If the length of the power supply cord:

a) Exceeds 250 feet (76 m) and is of a type and AWG size recommended by the manufacturer (see
4.3)and

b) Causes a voltage drop from the power source to the hoist motor terminals such that the motor is
provided with a voltage less than its rating,

the temperature test is to be repeated with the reduced voltage or a cord of the type, size, and length
recommended by the manufacturer. For the voltage drop determination, the voltage is to be measured at
the motor terminals under the same conditions specified for the Input Test, Section 51. However, the

maximum length of the power supply cord is to be provided.

53 Strain-H

53.1 The s

indicates strg¢ss would have been transmitted to the cord connections when a 75-pound (34

suspended fi

the constructjon of the hoist.

53.2 A pow

inch (25.4 mm) from the strain-relief means without damage to the€ ¢ord and without transmitt

to the termin

54 Abnormal-Operation Test

541 If a hdg
combination
semiconduct

Exception: T

54.2 A hois
fire or electri

54.3 Theh

(see Table 49.1) and operated at no load while short- or open-circuited conditions, as specifi

introduced o

54.4 During

Relief Test

rain-relief means of a power-supply cord shall not permit the cord‘te move

om the hoist by the cord and the strain-relief means is stressed from any angle

er-supply cord shall withstand for 1 minute 50 ounce-inches (0.35 N-m) of tor

htions.

ist employs either a semiconductor, one or more semiconductor junctions, a @
of these, no risk of fire, electric shock, or injury to persons shall result wh
br, the junctions, or the capacitor,is short- or open-circuited.

his requirement does not apply to capacitors used in capacitor motors.

t provided with an externally operated voltage-selection switch shall operate v
t shock under any-ecombination of voltage settings and branch-circuit connection

Dist is to be.connected to a grounded supply of rated frequency and maximum

ne at afime.

the tests described in 54.3, the hoist is to be connected in series with a nontir

n a way that
-kg) weight is
permitted by

ue applied 1
ng the torque

apacitor, or a
en either the

vithout risk of

o

D.

rated voltage
bd in 54.1 are

ne-delay fuse

of the maximum current rating that can be accommodated by the fuseholder of the branch circuit to which
the product could be properly connected. There shall not be risk of electric shock or fire prior to the
operation of the fuse.

54.5 Exposed dead metal parts of the hoist are to be connected to ground through a 3-ampere fuse. The
fuse shall not open during the test.

54.6 Results shall show no indication of unintended operation of the hoist. If there is indication of a
component malfunction during operation of the hoist, the malfunction shall not be such as to present a risk
of injury to persons.
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55 Endurance Test

55.1

A hoist shall operate as intended for 1000 cycles while carrying 100 percent of the rated working

load. There shall be no signs of breakage, wear, or malfunction. No repairs or adjustments shall be

necessary.

55.2 One cycle of operation is to consist of one ascent and one descent over a minimum vertical travel
distance necessary to cycle the wire rope completely either:

a) Through all wire rope related parts, on a traction hoist or

b) Through four turns or a minimum of 30 feet (9.1 m), whichever is greater, on a winding-drum

hoist.

55.3 Thepr

mary brake is to be applied whenever the hoist changes direction. The rate-of cy

adjusted to prevent overheating of the motor.

554 Oncet
56 Tests or]

56.1 Gener,

56.1.1 Whe
hoist, a switg

switch, no un
enclosure of {

bsted, the hoist is to be subjected to the Accelerating-Descent Speed Test, Secti
Switches and Controllers
al

N subjected to the appropriate test specified inn56.1.3 — 56.4.2 and with no tes
h shall perform as intended. There shall bé’no electrical or mechanical malfu
due pitting or burning of the contacts, and no emission of molten metal or flg
he switch. See 56.1.4.

56.1.2 The {use in the grounding connection&hall not open during the test.

56.1.3 The

rated voltage
dead metal p
single-pole, g
the hoist is in
exposed dea
pole, current-

56.1.4 Asw

noist is to be connected tora.grounded power-supply circuit of rated frequency a
as described in 52.8 and-Table 49.1, unless otherwise specified. During the te
brts of the hoist are_to.bé connected to ground through a 3-ampere cartridge fus
urrent-rupturing device will be located in the ungrounded conductor of the suy
tended for use_on direct current or on direct current as well as on alternating
I metal parts_of'the hoist are to be connected so as to be positive with respect
fupturing €ontrol device.

tchaneed not be subjected to these tests if:

cling is to be

on 44.

t load on the
nction of the
me from the

Nnd maximum
sts, exposed
e so that any
ply circuit. If
current, the
0 any single-

a) It confrols an induction motor and has the required horsepower rating or

b) Itis
56.2 Speed

56.2.1

interlocked so that it will never have to break the locked-rotor current.

-changing switches

subjected to 50 cycles of operation.

56.2.2 Each cycle is to consist of:

a) Operating the motor at one speed,

b) Throwing the switch to cause operation at the other speed, and

A switch or other device for changing the speed of the motor (other than an on-off switch) is to be
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c) Changing the setting back to the position that produces in the first value of speed.

56.3 Motor-reversing switches

56.3.1

56.3.2 Each cycle is to consist of:

a) Throwing the switch to the position in which the motor rotates in one direction;

b) Allowing it to attain full operating speed in that direction;

A switch or other device for reversing the motor is to be subjected to 25 cycles of operation.

c) THrowing the switch to the position in which rotation is reversed without, f
intermediate off position (if the switch will not perform this function, it is to be(thrg

positi
d) All
e) Re
56.4 Other
56.4.1 A sy

56.2.1 and §

bn as briefly as possible);
bwing the motor to attain normal speed in that direction; and

versing and rotation again by throwing the switch to the initial on position.
switches

vitch or other device that controls the hoist motor’and that is not one of a typ

current of the
overload-tes

56.4.2 The
more than 1

hoist. The test voltage of the component is tobe measured when the hoist is 0
voltage specified in Table 49.1.

rotor of the motor is to be locked in pgsition, and the switch is to be operated &g
) cycles per minute, unless a fastek rate of operation is agreeable to those co

motor is to b¢ left in the on position as briefly.as possible.

tage and Undervoltage-Tests — Electromagnets

ctromagnet for usesomdirect current shall:

57 Overvo
57.1 Anelg
a) Wi
oper:
b) O

ting coil and

rate as.intended at 20 percent less than rated voltage.

ause in any
wn to the off

e covered by

6.3.1 is to be subjected to 50 cycles of operation of making and breaking thé locked-rotor

berated at the

t a rate of not
ncerned. The

thstand continuous application of 110 percent of its rated voltage without damage to the

57.2 An elgctromagnet for use on alternating current shall:

a) Withstand a continuous application of 110 percent of its rated voltage without damage to the
operating coil and

b) Op

erate as intended at 15 percent less than rated voltage.

57.3 For a device having a voltage rating within one of the ranges specified in Table 49.1, the
overvoltage and undervoltage test voltages specified in Table 49.1 are to be employed for a device having

a voltage rati

ng in those ranges.

57.4 For electromagnet operation at minimum voltage as specified in 57.1 and 57.2, the contactor coil is
to be subjected to the rated line voltage until constant temperatures are reached. It is then to be tested
immediately for closing at the minimum voltage.
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