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INTRODUCTION
1 Scope

1.1 These requirements cover limited duty welding and cutting power sources, wire feeders, torches, and
electrode holders that are intended for use by a layperson in a nonindustrial setting in accordance with the
National Electrical Code, NFPA 70. Products covered by these requirements include only those welding
products rated 600 volts or less, and are commonly known as hobby welders.

1.2 These requirements do not cover motor-generator sets or rectifier- or resistance-type welding
machines. These requirements do not cover industrial or professional use welders.

2 Compondnts

2.1 Except as indicated in this clause, a component of a product covered by this standarf shall comply
with the requirements for that component. See the Standards for Components “append|x for a list of
standards coyering components generally used in the products covered by this'Standard.

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

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

b) Is stiperseded by a requirement in this standard.

2.3 A compgpnent shall be used in accordance with,its rating established for the intended conditions of
use.

2.4 Specific| components are incomplete\in construction features or restricted in| performance
capabilities. $uch components are inteaded for use only under limited conditions, such as certain
temperatures|not exceeding specified Jimits, and shall be used only under those specific conditions.

3 Units of Measurement

3.1 Values $tated without_parentheses are the requirement. Values in parentheses are gxplanatory or
approximate information:

4 References

4.1 Any undatedTeference toa code or standard-appearing i the Tequirements of thisstandard shall be
interpreted as referring to the latest edition of that code or standard.

5 Terminology

5.1 In the following text, a requirement that applies only to a particular type of product is so identified by a
specific reference in that requirement to the type or types of products involved. Absence of such specific
reference or use of the term product indicates that the requirement applies to all types of products unless
the context indicates otherwise.
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CONSTRUCTION

6 General

6.1 An enclosure, an opening, a frame, a guard, a knob, a handle, or the like shall not be sufficiently
sharp to cause a risk of injury to persons during normal maintenance or use.

Exception: A sharp edge that must be exposed to enable the product to perform its intended function.
6.2 A welding lead or electrode holder that is attached to a product shall be acceptable for the purpose.

7 Frame ang-Enclosure

7.1 A produgt shall be formed and assembled so that it will have the strength and.figidity| necessary to
resist the abuges to which it may be subjected, without increasing the risk of fire, electric shogk, or injury to
persons due tp total or partial collapse with resulting reduction of spacings, loosening or displacement of
parts, or other|serious defects.

7.2 A produgt shall be provided with a case or cabinet that encloses all live parts.
Exception No.|1: A flexible supply cord or cable and welding leads'need not be enclosed.

Exception No.|2: Ungrounded secondary output terminals for)the connection of welding legds, tap jacks,
or similar part§ connected to the secondary circuit need not’be enclosed if they are:

a) Limited in voltage as specified in 27.1.1; and

b) Protected so as to reduce the risk of unintentional contact.

7.3 The protgction referred to in Exception,No. 2 to 7.2 will usually be afforded if:
a) JacKs are of the dead-front type,

b) An yninsulated live part)is recessed for a distance not less than half the minimum| dimension of
the opgning behind which the live part is located,

c) A hinged covet/is provided over the terminals with smooth-edged slots or openingg for the cable,
or

d) In a|proddct with a marked duty cycle more than 20 percent, an uninsulated live part, including
the secordary termimats—imthe tase of studTonmections, s Tecessed beyondthe plane of the
opening.

7.4 An enclosure shall be made of cast metal, iron, steel, aluminum, copper, or brass.

Exception: Other material that has been investigated and found to be acceptable for the purpose may be
used.

7.5 Among the factors to consider in determining the acceptability of an enclosure are its:
a) Mechanical strength,
b) Resistance to impact,

¢) Moisture-absorptive properties,
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d) Combustibility,

e) Resistance to corrosion,

f) Resistance to distortion at temperatures to which the enclosure may be subjected under

conditi

ons of normal or abnormal use, and

g) Resistance to ignition from electrical sources.

For a nonmetallic enclosure, all of these factors are considered with respect to thermal aging.

7.6 The thickness of a cast-metal enclosure shall be as specified in Table 7.1.

Die-casft metal

Table 7.1
Thickness of cast-metal for enclosures
Minimum thickness,nch (mm)
Dimensipns of location of area involved Cast metal other than die-cast
Area of 24 squgre inches (154.8 cm?) or less and having 1/8 (3.2) 1/16°
no dimension gteater than 6 inches (152.4 mm)
Area greater thdn 24 square inches (154.8 cm?) or 1/8 (8+2) 3/32
having any dimgnsion greater than 6 inches (152.4 mm)
At a threaded cpnduit hole 1/4 (6.4) 1/4
At an unthreaddd conduit hole 1/8 (3.2) 1/8

(1.6)

(2.4)

(6.4)
(3.2)

@ The area limit
a larger area.

tion for metal 1/16 inch (1.6 mm) thick may be obtained by the provision of acceptable reinforcing

ribs subdividing

7.7 Sheet m
than 0.053 in
not less than

7.8 Other th
7.2 or Table 7]

Exception: TH
specified in T

etal to which a wiring system isdo be connected in the field shall have a thic
Ch (1.35 mm) if uncoated steel, nhot less than 0.056 inch (1.42 mm) if galvani
D.075 inch (1.91 mm) if nonferrous.

an as specified in 7%, a sheet-metal enclosure shall not be thinner than spe
|3, as applicable.

e minimumxthickness of a reinforced enclosure without supporting frame ma
hble 7.2.and"Table 7.3 but not less than 0.020 inch (0.51 mm) for uncoated st

(0.68 mm) fo
forces, its stre
of the same

- coated-steel, brass, aluminum, or copper if when subjected to compressic
ngth and rigidity are shown to be not less than the corresponding properties d
maximum length and width having the required thickness of metal. See Cor

kness not less
zed steel, and

cified in Table

y be less than
pel, 0.023 inch
bn and torsion
f an enclosure
npression and

Torsion Tests,

Section 38.

7.9 With reference to Table 7.2 and Table 7.3, a supporting frame is a structure of angle or channel or a
folded rigid section of sheet metal that is rigidly attached to and has essentially the same outside
dimensions as the enclosure surface. The frame also has the necessary torsional rigidity to resist the
bending moments that may be applied to the surface of the enclosure when it is deflected. A structure that
is as rigid as one built with a frame of angles or channels is considered to have equivalent reinforcing.

7.10 Construction considered to be without supporting frame includes:

a) A single sheet with single formed flanges — formed edges,

b) A single sheet that is corrugated or ribbed,

c) An enclosure surface loosely attached to a frame — for example, with spring clips, or
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d) An enclosure surface having an unsupported edge.

Table 7.2
Thickness of sheet metal for electrical enclosures, carbon steel or stainless steel

Without supporting frame?

With supporting frame or equivalent
reinforcing®

Minimum thickness Inch (mm)

Maximum width,°®

Maximum length,¢

Maximum width,°®

Maximum length,

Inches (cm) Inches (cm) Inches (cm) Inches (cm) Uncoated Metal coated
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 (24.1) Not limited 0.026° (0.66) L.0.039° (0.74)
7.0 (17.8) 8.75 (22.2) 10.0 (25.4) 125 (31.8)
8.0 (20.3) Not limited 12.0 (30.5) Not limited 0.032 (0.81) |0.034 (0.86)
9.0 (22.9) 1.5 (29.2) 13.0 (33.0) 16.0 (40.6)
12.5 (31.8) Not limited 19.5 (49.5) Not limited 0.042., (1.07) |0.045  (1.14)
14.0 (35.6) 18.0 (45.7) 21.0 (53.3) 25.0 (63.5)
18.0 45.7) Not limited 27.0 (68.6) Not limited 0.053 (1.35) |0.046 (1.42)

20.0 (50.9) 25.0 (63.5) 29.0 (73.7) 36.0 (914)

22.0 (55.9) Not limited 33.0 (83.8) Not lifited 0.060  (1.52) |0.083  (1.60)
25.0 (63.5) 31.0 (78.7) 35.0 (88.9) 43.0. N7 (109.2)

25.0 (63.9) Not limited 39.0 (99.1) Not limited 0.067 (1.70) |0.0710 (1.78)
29.0 73.1) 36.0 (91.4) 410  (104.1) {84510  (129.5)
33.0 (83.8) Not limited 51.0  (129.5) Not limited 0.080  (2.03) |0.084  (2.13)
38.0 (96.5) 470  (119.4) | 540 137.2) | 66.0  (167.6)
420  (1087) Not limited 64.0 - 7(162.6) Not limited 0.093  (2.36) [0.097  (2.46)
470  (1194) | 59.0  (149.9) | €8.0° (172.7) | 840  (213.4)
52.0  (132]1) Not limited 80.0  (203.2) Not limited 0.108  (2.74) |0.111 (2.82)
60.0  (152l4) | 74.0  (18800)Y 84.0  (2134) | 1030  (261.6)
63.0  (160)0) Not limited 97.0  (246.4) Not limited 0123  (3.12) |0.126  (3.20)
73.0  (18544) | 90.0(228.6) | 103.0 (261.6) | 127.0  (322.6)

2See 7.10.

bSee 7.9.

¢ 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'supparts in common and he made of a single sheet

9 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.

¢ Sheet steel for an enclosure intended for outdoor use — rainproof — shall not be less than 0.034 inch (0.86 mm) thick if zinc coated
and not less 0.032 inch (0.81 mm) thick if uncoated.
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Table 7.3

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

Without supporting frame?

With supporting frame or equivalent
reinforcing®

Minimum thickness

Maximum width® Maximum length? Maximum width® Maximum length* Inches
Inches (cm) Inches (cm) Inches (cm) Inches (cm) Inches (mm)

3.0 (7.6) Not limited 7.0 (17.8) Not limited
35 (8.9) 4.0 (10.2) 85 (21.6) 9.5 (24.1) 0.023° (0.58)
4.0 (10.2) Not limited 10.0 (25.4) Not limited
5.0 427 66 452y 46-5 (26-7) 435 34-3) 6-62 (0.74)
6.0 15.2) Not limited 14.0 (35.6) Not limited
6.5 16.5) 8.0 (20.3) 15.0 (38.1) 18.0 (45.7) 0.03p (0.91)
8.0 20.3) Not limited 19.0 (48.3) Not limited
9.5 24.1) 11.5 (29.2) 21.0 (53.3) 25.0 (63.5) 0.04p (1.14)
12.0 30.5) Not limited 28.0 (71.1) Not limited
14.0 35.6) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0) 0.058 (1.47)
18.0 45.7) Not limited 42.0 (106.7) Not limited
20.0 50.8) 25.0 (63.5) 45.0 (114.3) 55.0 (139.7) 0.07p (1.91)
25.0 63.5) Not limited 60.0 (152,4) Not limited
29.0 73.7) 36.0 (91.4) 64.0 (162,6) 78.0 (198.1) 0.09p (2.41)
37.0 94.0) Not limited 87.0 (221.0) Not limited
42.0 ([106.7) 53.0 (134.6) 93.0 (236.2) 114.0 (289.6) 0.12p (3.10)
52.0 132.1) Not limited 123:0 (312.4) Not limited
60.0 (152.4) 74.0 (188.0) 130.0 (330.2) 160.0 (406.4) 0.158 (3.89)

@ See 7.10.

bSee 7.9.

¢ 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.

4 Not limited apglies only if the edge-ofithe surface is flanged at least 1/2 inch (12.7 mm) or fastened to adjacent suffaces not

normally removgd in use.

¢ Sheet copper, prass, or aluminum for an enclosure intended for outdoor use — rainproof — shall not be less than 01029 inch thick.

7.11  The boftom of a product shall be solid or shall be provided with screening or wire mesh.

7.12 The wires of a screen shall not be less than 16 AWG (1.3 mm?) for a screen having openings that
are 1/2 square inch (3.2 cm?) or less in area, and shall not be less than 12 AWG (3.3 mm?) for a screen

having larger openings.

7.13 Sheet steel employed for expanded-metal mesh and perforated sheet steel having mesh openings

or perforations:

a) One-half square inch (3.2 cm?) or less in area shall not be less than 0.043 inch (1.1 mm) thick —
0.046 inch (1.2 mm) if zinc-coated; and

b) More than 1/2 square inch in area shall not be less than 0.081 inch (2.06 mm) thick — 0.084 inch
(2.13 mm) if zinc-coated.
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8 Accessibility of Live Parts

8.1 An opening in an enclosure through which an uninsulated live part of the primary circuit is accessible
shall be of such size or shape that it will not permit passage of a rod having the diameter specified in Table
8.1.

Table 8.1
Test rods for openings

Distance from current-carrying part to opening, inches
(mm) Diameter of test rod that will not pass through opening
+5ortess{38-4) H3of-distance-fromreurrent-carrying-partto opening
1.6 -4 (40.6 -101.6) 33/64 inch (13.1 mm)
4.1-6(104.1-152.4) 49/64 inch (19.5 mm)
Over 6 (152.4) 49/642 inch (19.5.mm)
@ No limit is spedified for openings in the bottom wall of an enclosure that are not directly below a transformer or a rgactor.

9 Protection Against Corrosion

9.1 Iron andsteel parts shall be protected against corrosion by painting, enameling, galvanizing, plating,
or other equivalent means such as a plastic coating that has been‘investigated and found to be acceptable
for the purposg.

Exception: Beg@rings and other parts where protection is‘impracticable.
10 Supply Jonnections
10.1 Generdl

10.1.1 A progluct with a duty cycle rating:

a) Of more than 20 percent'shall be equipped with a power supply cord or provision {or connection
to a wiring system; and

b) Of 2P percentshall be equipped with a power supply cord.

Exception: A groduct that does not have wheels, casters, or other means for mobility may have provision
for connection|to.a wiring system in lieu of a power supply cord.

10.1.2 A product rated 125 volts, or 125/250 volts, 3 wire or less and employing:
a) A lamp- or element-holder of the Edison-screw-shell type, or

b) A single-pole circuit breaker or switch

shall have one terminal or lead identified for the connection of the grounded conductor of the supply
circuit. The terminal or lead intended to be connected to a grounded conductor of the supply circuit shall
be the one that is connected to the screw shells of lamp- or element-holders and to which are connected
no single-pole switches other than an automatic control without a marked off position.

10.1.3 A terminal intended for the connection of a grounded power-supply conductor shall be of, or
plated with, a metal substantially white in color, and shall be readily distinguishable from the other
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terminals, or proper identification of that terminal shall be clearly shown in some other manner, such as on
an attached wiring diagram.

10.1.4 A lead intended to be connected to a grounded power-supply conductor shall be finished to show
a white or gray color, and shall be readily distinguishable from the other leads.

10.2 Cords and plugs

10.2.1 A product that is intended for connection to the supply circuit by means of a flexible cord in
accordance with 10.1.1 shall be provided with a flexible cord as specified in 10.2.2 or 10.2.3 that is not less
than 6 feet (1.8 m) long and that is terminated in an attachment plug. The attachment plug shall be an
armored plug, a solid molded-rubber plug, or the equivalent, that is acceptable for hard service.

Exception NQ. 1: For a product having ratings above 250 volts only, the flexible~cord need not be
terminated in gn attachment plug if the markings described in 43.24, 44.2, and 44.3 are provjded.

Exception No| 2: For a product having ratings above and below 250 volts, théflexible cofd need not be
terminated in|an attachment plug if the product is wired for voltages above 250 volts when shipped, and
the markings pescribed in 43.24, 44.2, and 44.3 are provided.

10.2.2 A prqduct having a primary input rating of 12 kVA or less(shall be provided with Type S, SO, ST,
STO, SJ, SJQ, SJT, SJTO, or SPT-3 cord.

10.2.3 A prqduct having a primary input rating of more than 12 kVA shall be provided with Type S, SO,
ST, or STO cqrd.

10.2.4 The flexible cord shall be of a size andampacity as specified in Table 10.1, with the ampacity
determined by the following formula:

K2 \12d+1} (1-d)

in which:

I, is th¢ ampacity of the cord;
1, is the rated input current corresponding to the rated load output;

Iy is the ihput current with product idling — energized but with no output load; and

d is the rated duty cycle expressed as a fraction of total time.

Table 10.1
Ampacities of cords
Conductor size, AWG (mm?) Ampacity?®
18 (0.82) 10
16 (1.3) 13
14 (2.1) 18
12 (3.3) 25

Table 10.1 Continued on Next Page
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Table 10.1 Continued

Conductor size, AWG (mm?) Ampacity?
10 (5.3) 30
8 (8.4) 40
6 (13.3) 55
4 (21.2) 70
2 (33.6) 95

@ The ampacities are applicable only when 2 conductors are current carrying. A conductor used for equipment grounding and a
neutral conductor are not considered to be current-carrying conductors.

10.2.5 Ther

rating of the product.

Exception: Fo
in 22.2, the c(
product. See 4

10.3 Strain felief, bushings, and entrance holes

10.3.1 A hol
permanent wir

10.3.2 Thed
specified in Ta|

ating of an attachment plug terminating the supply cord shall not be less th3

a product that is provided with a switch or circuit breaker that complies with th
rrent rating of the plug may not be less than 75 percent of the primary currer
3.5.

e, a knockout, or a fitting shall be provided in a product intended for co
ng system.

iameter of a knockout and the width of the\flat surface surrounding the knocka
ble 10.2.

n the primary

e requirement

t rating of the

hnection to a

ut shall be as

Table 10.2
Diameter of knockout:and width of surrounding flat surface
Size of supply ¢onductor, Trade size of Minimum width of| flat surface
AWG (mm?) conduit,inches Knockout diameter, inches (mm)? surrounding knockgut, inch (mm)
14-8(2.1}-8.4) 1.2 0.875 (22.22) 0.133 (3.38)
6(13.3) 3/4 1.109 (28.17) 0.156 (3.96)
4-2(21.2133.6) 1 1.375 (34.93) 0.198 (5.03)
1-0(43.4) 1-1/4 1.734 (44.04) 0.274 (6.96)
@ A plus toleranck 0f0,031 inch (0.79 mm) and a minus tolerance of 0.015 inch (0.38 mm) apply to the knockout digmeter. The

diameter is not tg be measured at points where a tab may remain after removal of the knockout.

10.3.3 A product having a power-supply cord shall be provided with strain relief and bushings as
described in 10.3.4 — 10.3.7.

10.3.4 Means shall be provided so that the flexible cord cannot be pushed into the enclosure through the
cord-entry hole if such displacement is likely to:

a) Subj

ect the cord to mechanical damage,

b) Expose the cord to a temperature higher than that for which it is rated, or

¢) Reduce spacings, such as to a metal strain relief clamp, below the minimum acceptable values.
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10.3.5 If a knot in a flexible cord serves as a strain relief, the surface against which the knot may bear or
which it may contact shall be free from projections, sharp edges, burrs, fins, or the like that may cause
abrasion of the cord insulation.

10.3.6 At a point where a flexible cord passes or is intended to pass through an opening in a wall, barrier,
or enclosing case, there shall be a bushing or the equivalent that is substantial, secured in place, and
smoothly rounded on the surface against which the cord may bear.

10.3.7 Ceramic materials, some molded compositions, smooth metal grommets, or the equivalent are
acceptable for bushings, but a separate bushing of wood, rubber, or hot-molded shellac-and-tar
composition is not acceptable.

10.4 Wiring terminals and leads
10.4.1 Othef than as noted in 10.4.10, a product that is not provided with an attached flexible cord shall
have wiring términals or supply leads for the connection of supply conductors,sized in adcordance with
Table 10.3 with the ampacity based on the value determined from the formula if40.2.4.
Table 10.3
Terminal current and conductorsize
Copper conductor Aluminum or copper-clad aluminunm conductor
Size Size
Terminal cyrrent,
amperds AWG or kemil (mm?) Paralleled AWG or kem{l (mm?)
15
or less 14 AWG 2.4 - 12 AWG (3.3)
20 12 (873) - 10 (5.3)
25 10 (5.3) - 10 (5.3)
30 10 (5.3) - 8 (8.4)
40 8 (8.4) - 6 (13.3)
50 6 (13.3) - 4 (21.2)
60 4 (21.2) - 3 (26.7)
70 4 (21.2) - 2 (33.6)
80 3 (26.7) - 1 (42.4)
90 2 (33.6) - 1/0° (53.5)
100 1 (42.4) — 1/02 (53.5)
110 1 (42.4) - 1/0? (53.5)
125 1 (42.4) - 2/0 (67.4)
150 1/0 (53.5) - 3/0 (85.0)
175 2/0 (67.4) - 4/0 (107.2)
200 3/0 (85.0) - 250 kemil (127)
225 4/0 (107.2) - 300 (152)
250 250 kemil (127) - 350 (177)
275 300 (152) - 500 (253)
300 350 (177) - 500 (253)
325 400 (203) two 1/0 AWG (53.5)
350 500 (253) two 4/0 (107.2)
21 AWG, 75°C aluminum conductor may be used if the product is so marked. See 43.21.
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10.4.2 A fixed wire terminal shall be prevented from turning.

10.4.3 Other than as indicated in 10.4.4, a wiring terminal shall be provided with an acceptable pressure
wire connector.

Exception: A wire-binding screw may be employed at a wiring terminal intended for the connection of a 10
AWG (5.3 mm?) or smaller conductor if an upturned lug or the equivalent is provided to retain the
conductor under the head of the screw when the screw is loosened sufficiently to permit shifting of the
conductor.

10.4.4 Pressure terminal connectors for line or load field connection need not be provided if the following
conditions, where appropriate, are met.

a) A cgmponent terminal kit shall be available from the equipment manufacturér, ,6f one or more
acceptable pressure terminal connectors shall be specified for field installation-on the product, or
the equivalent.

b) Fasfening devices such as studs, nuts, bolts, spring and flat washers; and the like required for
an effeftive installation shall either be provided as part of the compenent terminal kit gr be mounted
on or separately packaged with the product.

c¢) The jnstallation of a terminal kit shall not involve the loosening or disassembly of pgrts other than
a cover or another part giving access to the terminal location. The means for securing the terminal
connegdtor shall be readily accessible for tightening befare and after installation of confuctors.

d) If the pressure terminal connector provided in~a’component terminal kit requireg the use of a
specifi¢ tool for securing the conductor, any hecessary instructions shall be in¢luded in the
compohent terminal kit package or with the product.

e) Installation of the pressure terminal connectors in the intended manner shall resut in a product
that complies with the requirements.in_this standard.

f) The product shall be marked in accordance with 43.12.

10.4.5 If a s¢rew-and-washer construction is employed at a wiring terminal, the binding s¢rew shall not
be smaller thah No. 10, with not;more than 32 threads per inch.

Exception: A No. 8 machine screw having not more than 32 threads per inch may be used at a terminal
intended only for the-Gonnection of a 14 AWG (2.1 mm?) or smaller conductor.

10.4.6 A terminal plate tapped for a wire-binding screw shall be of metal not less than 0.050 inch (1.27
mm) thick and shall not have less than two full threads in the metal.

Exception: An alloy plate not less than 0.030 inch (0.76 mm) thick may be used if the tapped threads have
acceptable mechanical strength.

10.4.7 A terminal plate may be extruded at the tapped hole to give the thickness necessary for at least
two full threads, provided that the thickness of the unextruded metal is not less than the pitch of the thread.

10.4.8 The point of attachment of a pressure wire connector or a wire-binding-screw terminal shall not
overhang the base unless the construction is such that the required spacings will not be reduced.

10.4.9 A wire-binding screw shall not thread into material other than metal.

10.4.10 All wiring terminals and supply leads shall be located entirely within the enclosure.
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11  Wire-Bending Space

11.1  Wire-bending space shall be provided for each conductor that enters or leaves the enclosure. The
minimum wire-bending space shall be as specified in:

a) Table 11.1 for a conductor that enters or leaves the enclosure in the wall opposite the terminal to
which the conductor is intended to be connected,

b) Table 11.2 for a conductor that does not enter or leave the enclosure in the wall opposite the
terminal to which the conductor is intended to be connected, and

c) Table 11.2 between a barrier or other obstruction in the wiring area and a connector or a hole, a
knockaut, or other provision provided for the connection of a wiring system

11.2  With respect to 11.1, if a hole, knockout, or other provision for connection of a wiring |[system for the
main conductors is provided in the wall opposite the main terminals, it will be considered| that the main
conductors Will enter or exit the enclosure through that wall, and the wire-bending space for those
conductors shall be as specified in Table 11.1.

Table 11.1
Minimum wife—bending space at terminals for a conductor that‘enters or leaves the enclosure wall

opposite its terminal

Wires per terminal (pole)?
Wire size AWG or kemil 1 wire 2 wires
14-10 Not Specified -
8 1-1/2 -
6 2 -
4 3 -
3 3 -
2 3-1/2 -
1 4-142 -
0 5:1/2 5-1/2
2/0 6 6
3/0 6-1/2 (1/2) 6-1/2 (1/2)
4/0 7 (1) 7-1/2 (1-1/2)
250 8-1/2 (2) 8-1/2 (2)
300 10 (3) 10 2)
350 12 (3) 12 (3)
400 13 (3) 13 (3)
500 14 (3) 14 (3)
NOTES -

1) For arc-welding machines rated 110 amperes or less and marked to indicate use of both 60 and 75°C wire, the wire bending
space is based on the use of 60°C (140°F) insulated wire.

2) For Sl units 1 inch = (25.4 mm)

@ Wire-bending space shall be permitted to be reduced by the number of inches shown in parentheses under the following
conditions:

1) Only removable wire connectors receiving one wire each are used (there may be more than one removable wire connector
per terminal), and

2) The removable wire connectors can be removed from their intended location without disturbing structural or electrical parts
other than a cover, and can be reinstalled with the conductor in place.
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Table 11.2
Minimum wire—bending space at terminals for a conductor that does not enter or leave the
enclosure wall opposite its terminal
Minimum bending space, terminal to wall
Wires per terminal
1 wire 2 wires

Size of wire AWG or kcmil (mm?) Inch (mm) Inch (mm)

14 -10 (2.1-5.3) Not specified -

8-6 (8.4-13.3) 1.5 (38.1) -

4-3 (21.1-26.7) 2 (50.8) -

2 (33.6) 25 (63.5) -

1 (42.2) 3 (76.2) -
1/0-2/0 (563.5-67.4) 3.5 (88.9) 5 (127)
3/0-4/0 (85.0-107.2) 4 (102) 8 (152)
250 (127) 45 (114) 6 (152)
300 - 350 (152 -177) 5 (127) 8 (203)
400 - 500 (203 — 253) 6 (152) 8 (203)
600 — 700 (304 — 355) 8 (203) 10 (254)

NOTE — For welfling machines rated 110 amperes or less and marked to indicate use of both 60 and 75°C wire, the wire bending
space is based gn the use of 60°C (140°F) insulated wire.

11.3 If a wirg
the terminal to
of the barrier g

11.4 The wir
terminal is to 4
in a direction (g

is restricted by a barrier, or other means, from being bent in a 90-degree or a
any usable location in a wall of the enclosure, the distance is to be measured
r other obstruction.

b-bending space for a conducter that enters or leaves the enclosure in the wa
e measured in a straightine from the edge of the wire terminal closest to the
erpendicular to the wall or’barrier. The wire terminal is to be turned in all positi

assume witho

t defeating any reliable means provided to prevent its turning, such as a boss

wall of a recess, multiple bolts securing the connector, or the like. A barrier, shoulder, or th

disregarded

en the measurement is being made if it does not reduce the radius to which

be bent. The main connegtion for a neutral is considered to be a pole.

11.5 Side bending.-space is to be measured in a straight line from the center of the wire g

direction the

ireleaves the terminal. However, it is assumed that the connector is not so ori

n S bend from
from the end

| opposite the
wall or barrier
bns that it can
a shoulder, a
e like is to be
the wire must

pening in the
ented that the

wire will be direeted into a corner to such extent that the transverse wall would necessit

ate additional

bending of the wire. If a terminal is provided with one or more lugs or connectors for the connection of
conductors in multiple, the distance is to be measured from the wire opening closest to the wall of the
enclosure. If the connectors for a circuit are fixed in position (for example, by the walls of a recess) so that
they are turned toward each other, the distance is to be measured at the wire opening nearest to the wall,
in a direction perpendicular to the wall.

12 Grounding

121

A product shall be provided with a means that does not depend upon the use of solder for

grounding parts that are required to be grounded. The core of a transformer, the core of a reactor coil, the
case of a capacitor, and all exposed dead metal parts other than small isolated parts shall be in reliable

electrical conn

ection with the point of attachment of a single grounding conductor.
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12.2 A product is considered to have acceptable means for grounding if all the parts that are required to
be grounded are in reliable electrical connection with the point of attachment of the wiring system.

12.3 A power-supply cord attached to a product shall contain a grounding conductor in addition to the
supply-circuit conductors. The surface of an insulated grounding conductor shall be green with or without
one or more yellow stripes. The grounding conductor shall terminate at a blade of the attachment plug.

12.4 product intended to be connected to a wiring system shall be provided with a means for attachment
of the grounding conductor.

12.5 A wire-binding screw intended for the connection of an equipment-grounding conductor shall have a
green-colored head that is hexagonal, slotted, or both.

12.6 A presgure wire connector intended solely for the connection of an equipment-grounding conductor
shall be plainly marked, such as “G,” “GR,” “GND,” “Ground,” “Grounding,” or the Jlike, pr by a wiring
diagram provided on the product. The wire-binding screw or pressure wire conpector shallfbe located so
that it is unlikgly to be removed during normal servicing of the product.

12.7 The mpans provided for the connection of the grounding conductor shall be accgssible without
disturbing the|assembly of the product, other than opening a door, cover-or the like.

12.8 The siZe of the grounding means for a product shall be as‘specified in Table 12.1.

Exception: A|copper grounding conductor need not be, larger than the size required for the supply
conductors.

Table 12.1
Size of grounding means
Primary cuifrent rating, amperes Minimum size of copper grounding wire? AWG (mn}?)
15 10 (5.3)
20 10 (5.3)
30 10 (5.3)
50 8 (8.4)
100 6 (13.3)
200, 3 (26.7)
300 1 (42.4)
400 170 (53.5)
@ These conductor sizes are based on a setting of the overcurrent device at 200 percent of the nameplate rating of the product.

12.9 The surface of an insulated lead intended for the connection of an equipment-grounding conductor
shall be green with or without one or more yellow stripes, and no other lead shall be so identified.

13 Spacings
13.1  Spacings in a product shall not be less than those specified in Table 13.1.

Exception: The spacings specified in Table 13.1 do not apply to wiring devices — snap switches,
lampholders, or the like — motors, or other accessories for which there are established spacing
requirements.
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Table 13.1
Spacings in a product
Minimum spacings in inches (mm) between any uninsulated live part and an uninsulated live part of
opposite polarity, a metal part that may be grounded - including fittings for the connection of a wiring
system — or an exposed dead metal part that is isolated
At wiring terminals?® At other than wiring terminals®®
Voltage c d
between parts - A - B - c
involved Through air Over surface Through air Over surface Through air Over surface
125 or less 12 (12.7) 112 (12.7) 12 (12.7) 12 (12.7) 1/8 (3.2) 1/4 (6.4)
126 — 250 12 (12.7) 12 (12.7) 12 (12.7) 12 (12.7) 1/4 (6.4) 3/8 (9.5)
251 -600 4 (254 4 (254) 4 (254 4 254y 318 9-5) 1/2 (12.7)
601 —1000 - - 1 (25.4) 1 (25.4) 3/4 (19.1) 1 (25.4)

@ Wiring terminal

b Values do not a
1) Two
2) A coi

3) Acoi
¢ If indentation or|
4 f indentation of

are considered to be terminals to which supply connections are made in the field.

bply to a turn of wire on a coil or to spacings between:
onductors of a coil,
and the transformer core, and

and any other part of opposite polarity including the crossover lead.
deformation of the ultimate enclosure may reduce spacings to less\than those in Column C.

deformation of the ultimate enclosure will not affect spacings.

13.2 Other th
a)Beog

Except
grounda

b) Be 4

13.3 Other t
shall be at lea
13.4 If the b4

13.5 If the b3

an as indicated in 13.7, a barrier or liner that Comprises the sole separation sh

f material acceptable for supporting.an,uninsulated live part, and

ed circuit conductor may be offiber;

t least 0.028 inch (0.71 mm) thick.

nan as indicated iny43.6 and 13.7, a barrier or liner used in conjunction with
5t 0.028 inch (0(71mm) thick.

rrier mentioned in 13.3 is of fiber, the air space shall be at least 1/32 inch (0.8

rrier mentioned in 13.3 is of material other than fiber that is not acceptable for

uninsulated livj

jon: A barrier between the enclosure and an uninsulated part electrically connected to a

an air space

mm).

the support of

e parts, the air space shall be acceptable for the application.

13.6 A barrier or liner used in conjunction with an air space of at least one-half the required through-air
spacing may have a thickness of not less than 0.013 inch (0.33 mm) —see also 13.7 —if it is:

a) Of material acceptable for supporting uninsulated live parts,

b) Of acceptable strength if exposed or otherwise likely to be subjected to mechanical damage,

c) Reliably held in place, and

d) Located so that it will not be adversely affected by operation of the equipment in service.

13.7

used if it has been found to be acceptable for the application.

Insulating material having a thickness less than that specified in 13.2 (b) and 13.3 and 13.6 may be
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13.8 A wrap of thermoplastic tape, acceptable for use as sole insulation, may be employed at a point
where the spacing prior to the application of the tape is less than the required through-air spacing, if:

a) The
b) The

c) The

wrap is not less than 0.028 inch (0.71 mm) thick,
tape is not subject to compression, and

tape is not wrapped over a sharp edge.

Exception: At a point where the spacing prior to the application of the tape is not less than half the required
through-air spacing, the wrap may be not less than 0.013 inch (0.33 mm) thick if it is applied in two or more

a spacing is less than the required value, acceptable thermoplastic tubing-ma

tubing is not subjected to compression, repeated flexure, or sharp bends;

dges of the conductor covered with the tubing are well rounded and free from
chemically dilated tubing, a solvent recommended by the tubing manufacturer
heat-shrinkable tubing, hot air as recommended by the)tubing manufacturer is

wall thickness of the tubing, after assembly, is Ret less than 0.022 inch (0.56
h (12.7 mm) or less in diameter and not less than 0.028 inch (0.71 mm) for |

layers.

13.9 Where

if:
a) The
b) All ¢
c) For
d) For
e) The
1/2 ing
tubing

14 Mechan

141

14.2 Abus

be reliably se
from turning g
such turning ¢

14.3 Friction

A prespure wire connector shall be prevented from turning if spacings would be r¢g
than those refuired by 13.1 and Table 13:1. If the required minimum or greater spacings 3
when lugs ar¢ turned 30 degrees toward each other or toward other uninsulated live or g
parts, no means to prevent turning.need be provided.

cal Assembly

ar or uninsulated-live part, other than a pressure wire connector as mentione
cured so thatiordinary vibration will not loosen the securing means, and shal
r shifting in position if any spacings less than those specified in Table 13.1 wo
r shifting:

between surfaces is not acceptable as a means to prevent turning or

y be employed

sharp edges;
s used;
used; and

mm) for tubing
arger diameter

duced to less
re maintained
rounded-metal

d in 14.1, shall
be prevented
uld result from

shifting of an

uninsulated |

g part._Tuarmingor_shiftmg—Tmay beprevented by the useof tWo STrews

or rivets, by

noncircular shoulders, or mortises, by a dowel pin, lug, or offset, by a connecting strap or clip fitted into an

adjacent part,

14.4

or by an equivalent method.

In determining the adequacy of means to prevent turning or shifting with regard to the requirement

in 14.2, any screw or nut is to be loosened and retightened finger-tight without a tool. The bus bar is then
to be pushed to the extent limited by the screws or other means and the resulting spacings measured.

15

15.1

Internal Wiring

The wiring and connections between parts of a product shall be protected or enclosed.

15.2 Wiring shall be protected from sharp edges, including screw threads, burrs, fins, moving parts, and
the like that may abrade the insulation on conductors or otherwise damage the wiring.
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15.3 A hole in a sheet-metal wall through which insulated wires pass or are intended to pass shall be
provided with a smooth, rounded bushing or shall have a smooth, rounded surface upon which the wires
may bear to reduce the likelihood of abrasion of the insulation.

15.4 Insulated wires that are entirely enclosed within metal walls may be bunched and passed through a
single opening.

15.5 An uninsulated conductor shall be supported so that the minimum required spacings will be
maintained.

15.6 Each splice and connection shall be mechanically secure and shall provide electrical contact
without stress

on any connection or terminal.

15.7 A splicg shall be provided with insulation that has a rating equivalent to the-ratin

insulation for t

a) Pegmanent spacing is not maintained between a splice and uninsulated live par

polarity
b) Per

Exception: W
Spacings, the

15.8 Aluminym conductors, insulated or uninsulated, uséd as internal wiring, such as for in

between currg
combination o

Exception: Aly
15.9 With ref
device shall

temperature, h

15.10 A nom
the requireme

connect terminals shallkbe investigated with respect to crimp pull-out, engagement-disengag

of the conneq
requirements i

ne following conditions:

; or
manent spacing is not maintained between a splice and a grounded dead meta

hen spacings are maintained using mechanicalhymeans and comply with
splice insulation is not required

nt-carrying parts, shall be terminated at"each end by a method that is acce
metals involved at the connection point.

iminum conductors for a transforfer or motor winding need not comply.

erence to 15.8, a wire-binding screw or a pressure terminal connector used as
be acceptable for use“with aluminum under the conditions involved —
eat cycling, and the like.

inal 0.110, 0.125/0.187, 0.205, or 0.250-inch-wide quick-connect terminal shz
hts in the Standard for Electrical Quick-Connect Terminals, UL 310. Other s

tor and-tab, and temperature rises. All tests are to be conducted as sp
n UL 310.

g of the wire

ts of opposite

| part.

Section 13,

terconnection
ptable for the

a termination
for example,

[l comply with
izes of quick-
jement forces
ecified in the

16 Current-Carrying Parts

16.1

Iron or steel, plain or plated, shall not be used for a part that is depended upon to carry current.

Exception: A work clamp used with a welding lead may be made of plated steel.

16.2 Joints or connections of bolted aluminum contacts are to be plated with silver, tin, cadmium, or other
metal that has been found acceptable by investigation. They also are to be provided with spring washers
or the equivalent.
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17 Electrical Insulating Materials

17.1 Insulating washers, bushings, and the like used, and bases or supports for mounting of uninsulated
live parts shall be of moisture-resistant material that will not be damaged by the temperature that they will
be subjected to under conditions of actual use.

17.2 Insulating material employed in a product is judged with respect to its acceptability for the
application. Materials such as mica, some molded compounds, and certain refractory materials are usually
acceptable as the sole support of uninsulated live parts, but ordinary fiber is not acceptable. To determine
whether a material is acceptable, consideration is to be given to its mechanical strength, dielectric
properties, insulation-resistance, heat-resistant qualities, the degree to which it is enclosed or protected,
and any other features that have a bearing on the risk of fire, electric shock, and injury to persons, in

conjunction w

18 Capacitors

18.1 A capd
capacitor for

Exception Ng
mechanical d

Exception No
separately en

18.2 The co
be such that t

18.3 A caps
voltage acros
part not in the

184 Ifaca
attachment p
capacitor con|
device, is con

18.5 If a cd
medium shall

th the conditions of actual service.

citor connected across the line or across a winding of the main~transform
ower-factor correction, shall be housed within an enclosure.

. 1: A capacitor housed by the outer enclosure of the product, reducing th
hmage need not be separately enclosed.

2: A capacitor with a metal shell that complies with Table 7.2 or Table 7.

er, such as a

e likelihood of

3 need not be

closed if terminals are acceptably enclosed.

htainer of a capacitor containing a liquid, shall be liquid-tight. The size of the
he quantity of liquid does not exceed ¥ quart (0.95 L) unless the liquid is nonfla

5 the capacitor will be 50 volts or less within the time necessary to gain acc
output circuit, after disconnecting the product.

pacitor is connected so that its residual potential may exist at the blades of g
ug, the time necessary to gain access to a live part is considered to be
hected directly across a winding of the main transformer, without any interpc
sidered torhave acceptable discharge means.

pacitor‘employs a liquid dielectric medium more flammable than askarel,

container shall
mmable.

citor shall be provided with automatic means for draining the stored charge so that the

ess to any live

disconnected
2 seconds. A
sed switching

the dielectric

not\bé expelled under normal or abnormal conditions of use.

18.6 A capacitor that is connected so that it operates normally at a potential of more than 600 volts shall
be investigated to determine whether it is acceptable for the purpose.

19 Fans

19.1

acceptability are the following:

a) Reli

ability of operation; and

A fan shall be acceptable for its application. Among the factors to be considered in determining

b) Risk of fire, electric shock, or injury to persons that may result due to malfunction or breakdown
of the fan during operation of the product if the fan is depended upon to maintain temperatures
within the limits specified in Table 30.1. See 37.1.
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20 Overload Protection

20.1 A fuseholder or circuit breaker shall be rated for the application and shall not be accessible from the
outside of the product without opening a door or a cover.

Exception No. 1: The operating handle of a circuit breaker that projects outside of the enclosure complies
with the requirement.

Exception No. 2: A panel-mounted fuseholder that projects outside of the enclosure complies with the
requirement.

20.2 Afuse
be the Edison{base type with a factory-installed, nonremovable Type S adapter.

ype S or shall

20.3 A cartridge fuse that protects a receptacle as mentioned in 21.1 shall be _acceptable as branch-
circuit protectipn and shall be provided with a switch on the supply side unless the‘fusehol@er location is
marked as spgcified in 43.7.

20.4 The motor of a fan shall be provided with at least one of the following types of overload protection:

a) Thermal protection complying with the requirements in the Standard for Overheatjng Protection
for Motprs, UL 2111, or the Standard for Thermally Protected*Motors, UL 1004-3;

Excepffon: A motor that directly drives the fan is considered to have acceptable overlpad protection
if it is pfrotected against locked-rotor conditions only

b) Impedance protection complying with sdch requirements in the Standard fgr Impedance
Protecfed Motors, UL 1004-2; or

c) Othgr protection that is shown by test-to be equivalent to (a).

Exceptfon: A motor that is protected by circuitry designed to automatically stop all operation of the
product if the fan does not operate is considered to have acceptable overload protectipn.

20.5 The functioning of a pretective device provided for a motor shall not result in a risk o¢f fire, electric
shock, or injury to persons.

21 Receptagles

21.1 A 15- of 20;ampere attachment-plug receptacle intended for general use shall be of the grounding
type, and the grourding tontact of the Teceptacie shatt-beefectricatty commectedtotheernclosure of the
product.

22 Switches and Control Devices

22.1 A switch, controller, or circuit breaker shall be acceptable for the application, and shall be of a type
that will plainly indicate whether the circuit is open or closed.

22.2 The opening of a manual switch, controller, or circuit breaker shall disconnect the product from all
ungrounded conductors of the supply circuit.

Exception No. 1: A single-pole device is acceptable only on a product having a primary rating of 125 volts
orless.
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Exception No. 2: A tap-changing switch.

22.3 An automatic device provided to reduce the open-circuit voltage at the secondary output terminals
or electrodes shall be substantial and reliable, and shall be investigated with respect to its acceptability for
the purpose.

22.4 A voltage-regulating tap and a current-regulating tap shall have means for maintaining definite
contact positions for the movable member with respect to the stationary contacts. The movable member of
a voltage-regulating tap shall not bridge any two of the stationary contacts.

Exception: Brush or sliding contacts are acceptable if tests show that shorting of turns of the winding will

not cause temperatures to exceed the rating of the insulating materials.

22.5 Flexibl
plugs externa
shall not be nj
such that no |

b cable attached to a voltage-regulating or a current-regulating tap that-inyol
to the enclosure shall be acceptable for hard service. The open-circuit voltag
ore than that specified in 27.1.1 for secondary terminals. The construction of
ve part will be exposed when the plug is fully inserted. See 7.3.

23 Transfolmers

23.1 A trans
type. A coil sH
be treated wit

23.2 A volta
the transform

former shall have the secondary insulated from the{primary and shall not be
all be provided with insulation between the windings, leads, core, and enclosU
h an insulating varnish and baked, or otherwise impregnated, to exclude moist

ge-regulating tap or a current-regulating fap-in the primary circuit shall not be
br winding to which a grounded supply egnductor is connected.

PERFORMANCE

24 General

241 A prod
circuit of rateq
within the ran
115, 230, 460
abnormal-ope

24.2 The ol

ict shall be subjected. to the tests described in Sections 25 — 38 while connec

frequency and maximum rated primary voltage, except that if the marked prir]
e of 110 — 115{220 — 230, 440 — 460, or 550 — 575 volts, the supply-circuit po
, or 575 volts;. respectively, for the leakage current, temperature, overload, e
ration tests.

tput voltage is to be measured at the output terminals of the product, or

attachment fo

ves the use of
je at the plugs
A plug shall be

of the oil-filled
re. A coil shall
ire.

on the side of

ed to a supply
nary voltage is
tential shall be
hdurance, and

bt the point of

r permanently attached welding cables.

24.3 The sequence of the performance tests shall be as follows:

a) Lea

b) Lea

kage Current Test — Section 25.

kage Current Test Following Humidity Conditioning — Section 26.

c¢) Output Test — Section 27.

d) Input Test — Section 28.

e) Short-Circuit Current Test — Section 29.

f) Temperature Test — Section 30.

g) Diel

ectric Voltage-Withstand Test — Section 31.
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h) Overload Test on Switches and Controls — Section 32.

i) Endu

j) Diele

rance Test on Switches and Controls — Section 33.

ctric Voltage-Withstand Test on Switches and Controls — Section 34.

k) Short Circuit Test on Capacitors — Section 35.

I) Abnormal Operation Test — Section 36.

m) Stal

led Fan Abnormal Operation Test — Section 37.

n) Compression and Torsion Tests — Section 38.

24.4 The tes

Exception: Tes
a) (a)
b) () -
c¢) Each

245 For the
the time the se

25 Leakage

25.1 When't
20-percent du
milliamperes.

252 Leakag
conveyed bet
surfaces of the

25.3 All expq
these surface
where simultg
Parts are cons

Is mentioned in 24.3 are to be conducted on the same sample.

ts mentioned in:
(e) may be conducted on one sample,
(h) may be conducted on a new sample, and

) of items (i) — (k) may be conducted on a new sample:

purpose of this standard, duty cycle is defined as the ratio of arc time to tota
condary is to be loaded in a 10-minute cycle.

Current Test

psted as described in 25.2 — 25.14, the leakage current of a cord-connected
y-cycle rating and rated for a neminal 250-volt or less supply shall not be m

a)

e current refers togall. currents, including capacitively coupled currents,
veen exposed condtuictive surfaces of a product and ground or other expos:
product.

sed conductive surfaces are to be tested for leakage currents. The leakage
5 are tolbe measured to the grounded supply conductor individually as well
neously accessible, and from one surface to another where simultaneous

| time, that is,

broduct with a
ore than 0.75

that may be
bd conductive

currents from
hs collectively
y accessible.

idered to be exposed surfaces unless guarded by an enclosure that has bee

N investigated

and found to beacceptabletoTeducetheTiskof efectric shock—=—see Frame—andEnciosure, Section 7.

Surfaces are considered to be simultaneously accessible if they can be readily contacted by one or both
hands of a person at the same time. These measurements do not apply to terminals operating at voltages
that are not considered to involve a risk of electric shock.

25.4 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 metal foil with an area of 10 by 20 centimeters in contact with the
surface. Where 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 product.

25.5 The measurement circuit for leakage current shall be as illustrated in Figure 25.1. The
measurement instrument is defined in (a) — (c). The meter that is used for a measurement need only
indicate the same numerical value for a particular measurement as would the defined instrument. The
meter used need not have all of the attributes of the defined instrument.
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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.

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 the impedance
of a 1500-ohm resistor shunted by a 0.15-microfarad capacitor to 1500 ohms. At an indication of
0.75 milliamperes, the measurement is not to have an error of more than 5 percent at 60 hertz.
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Figure 25.1

Leakage-current measurement circuits

PRODUCT METER

% INSULATING
—— TABLE

GROUNDED SUPPLY CONDUCTOR B

Product intendefl for connection to a 120-volt power supply, as illustrated above.

- PROBUCT METER
t 120V A
2407 = D=
‘ 120V -
3

S1 ) ; INSULATING
TABLE

GROUNDED SUPPLY CONDUCTOR B

Product intendefl for connection to a 3—wire, grounded neutral power supply, as illustrated above.

- PRODUCT METER
T 120V A
240y =— s = ) —
120V —o—l_o/lc—| —
t 2

L4 q INSULATING

TABLE

GROUNDED SUPPLY CONDUCTOR B

Product intended for connection to a 3—wire, grounded neutral power supply, as illustrated above.

LC300J

A: Probe with shielded lead.

B: Separated and used as clip when measuring currents from one part of product to another.
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25.6 Unless the meter is being used to measure leakage from one part of a product to another, the meter
is to be connected between the accessible parts and the grounded supply conductor.

25.7 The sample product tested for leakage current is to be representative of the wiring methods,
routing, components, component location and installation, and the like of a production product.

25.8 The grounding conductor of the test sample is to be open at the attachment plug and the test unit is

to be isolated

from ground.

25.9 The supply voltage is to be adjusted to the voltage specified in 24.1.

norma

b) Swi
istob
norma

c) The|
to be U
in the

25.11 Norm
without interr

may be interrfipted for the purpose of conducting other nondestructive tests.

26 Leakage

26.1 A prod

hours to air having a relative humidity of 88 +2 percent at a temperature of 32 +2°C (90 +4°F).

26.2 To dete
be heated to
during conditi
hours under
unenergized

switch S1 open, the product is to be connected to the measuring circuit..Lea
neasured using both positions of switch S2, and with the product switching'dey
operating positions.

ch S1 is then to be closed, energizing the product; and within & seconds the l¢
e measured using both positions of switch S2 with the product switching dev
operating positions.

leakage current is to be monitored until thermal stabilization. Both positions o
sed in determining this measurement. Thermal stabijlization is to be obtained b
[emperature Test, Section 30.

blly the complete leakage current test program, as described in 25.10, is to
Iption for other tests. With the concurrence of those concerned, the leakags

Current Test Following Humidity Conditioning

Lict shall comply with the.réquirements for leakage current in 25.1 following e

rmine whether(a product complies with the requirement in 26.1, a sample of th
A temperature.just above 34°C (93°F) to reduce the likelihood of condensati
pning. The*heated sample is to be placed in the humidity chamber and con
the conditions specified in 26.1. Following the conditioning, the sample is
bs described in 25.10 (a). The sample is then to be energized and tested a

llows:

age current is
ices in all their

bakage current
ces in all their

switch S2 are
y operation as

be conducted
b current tests

kposure for 48

e product is to
bn of moisture
Hitioned for 48

to be tested
5 described in

25.10 (b) and

(e).)The test is to be discontinued when the leakage current stabilizes or decre

ases.

27 Output Test

271

2711

Open-circuit voltage

The open-circuit rms output voltage of a product, when connected to a supply circuit of maximum

rated voltage, shall not be more than 5 percent greater than the marked secondary open-circuit voltage,
and shall not be more than 80 volts for a manual product, nor more than 100 volts for an automatic

product.

271.2

If a voltage-regulating or a current-regulating tap involves the use of plugs external to the

enclosure, the open-circuit voltage at the plugs shall not be greater than that specified in 27.1.1 for
secondary terminals.
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27.2 Rated current

27.21 A product, when connected to a supply circuit of maximum rated voltage, shall deliver not less
than its rated output current and maximum output current, if applicable, at rated output voltage.

Exception: A product with a 20-percent duty-cycle rating shall deliver not less than 95 percent of its rated
output current and maximum output current, if applicable.

27.2.2 The test is to be conducted with the product at room temperature, and with the secondary
connected to a variable resistance load having a power factor of not less than 0.99 at a frequency of 60
hertz.

27.2.3 The highest current tap of a product that is provided with more than a single)decondary tap
intended to deliver a greater output current than the rated output shall be used when measuring the
maximum output specified in 27.2.1.

27.3 Secondary current

27.3.1 When a product that is marked with a 20-percent duty-cycle isxconnected to a supply circuit of
maximum ratgd voltage, the maximum secondary current obtainable’at‘rated secondary voltage with any
setting of the jproduct shall not exceed 130 percent of the rated ©utput current, nor 105 percent of any
value of maximum output current included in the marked rating of\the product.

28 Input Tegt

28.1 The cufrent input when the product is at room:temperature and is connected and loaded so as to
deliver its ratgd output shall not exceed the markéd input ampere rating by more than 10|percent for a
product having a duty cycle rating of more than 20 percent, and 25 percent for a product having a duty
cycle rating of[20 percent.

28.2 A prodpct having voltage-regulating or current-regulating taps is to be operated under the
conditions thaf result in the maximum. primary input current when the load on the secondaly is the rated
full-load current at rated output voltage.

28.3 The measured powerfactor of the primary input at rated load of a product that has th¢ power factor
marked on theg nameplate.shall be within 5 percent of the marked power-factor value.

28.4 If the ppwer input in kilowatts is included in the marked nameplate rating, the measured power
factor of the grimary input to a product at rated load shall be within 5 percent of the powgr-factor value
computed on the basis of the marked values of power, voltage, and current.

29 Short-Circuit Current Test

29.1 The secondary current obtained within 2 minutes at any setting of a product with the output
terminals short-circuited and with the primary connected to a supply circuit of maximum rated voltage shall
not be greater than 160 percent of the secondary current obtained at rated output voltage with the product
set at the maximum tap or setting.

Exception: The secondary short-circuit current obtained within 2 minutes may be greater than 160 percent
of the secondary current obtainable, provided the product is equipped with a protective device that shuts
the product off under short-circuit conditions. See 29.4.
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29.2 If the measured short-circuit current is less than the 160 percent value prior to the 2 minutes
specified, the test may be terminated.

29.3 For the test, a 4-foot (1.22-m) length of copper conductor of the size specified in Table 29.1 is to be
used for the connection between the output terminals.

Exception: Four feet of secondary welding leads that are supplied with the product may be used for the
short-circuit connection between the output terminals.

Table 29.1
Short-circuit connections
Size of connecting cable,
Rated-seconfary current, amperes AWG (mm?)
100 4 (21.2)
200 2 (33.6)
300 0 (53.5)
500 00 (67.4)

29.4 A prodlict provided with a protective device as mentioned{in the Exception to 29.1 shall not become
a risk of fire | electric shock, or injury to persons with the secondary terminals of the machine short-
circuited as noted in 29.3 and with a ground fuse connected“as required in 32.2. The test is tp be continued
until an autorpatic protective device has cycled five times’or a manual protective device Has been reset
five times.

30 Tempergture Test

30.1 A product, when tested under the:-conditions described in 30.2 — 30.14, shall not attain a
temperature at any point sufficiently high.to constitute a risk of fire, to damage any materials employed in
the device, of to exceed the temperature rises specified in Table 30.1. A metal part in gontact with or
adjacent to any insulating material'shall not attain a temperature higher than that for which the insulation is
acceptable.

Table 30.1
Maximum temperature rises

Material and Components °C °F
A COMPONENTS
1. Capacitors?
2. Contacts:
a. Bolted aluminum 55 99
b. Bolted copper 60 108
c. Laminated® 60 108
d. Solid® 75 135
e. Switch blades and contact jaws 40 72
3. Fuses' 60 108
4. Resistors and resistor material
a. Bare resistor 385 693

Table 30.1 Continued on Next Page
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Table 30.1 Continued

Material and Components °C °F
b. Embedding resistor material 260 468
5. Sealing compound c c

6. Transformers:
a. Class 105 insulation system:

Thermocouple method 80 144
Resistance method 70 126
b. Class 130 insulation system:
Thermocouple method 100 180
Resistance method 90 162
c. [Class 155 insulation system:
Thermocouple method 125 225
Resistance method 115 207
d.[Class 180 insulation system:
Thermocouple method 150 270
Resistance method 135 243
B. CONDU(TORS
1. Types $, SO, ST, STO, SJ, SJO, SJT, SJTO, and SPT-3 flexible cords® 30 54
C. ELECTRICAL INSULATION — GENERAL
1. Fiber employed as electrical insulation 60 108
2. Phenolfc composition employed as electrical insulation® 120 216
D. SURFACES
1. Any point on or within a terminal box or compartment'on a stationary 60 108
product
2. Supporting surface on which a portable preduct may be placed 120 216
3. Surfacgs adjacent to or upon which a 'stationary product may be mounted in 60 108
service
4. Wood gnd other combustible material 60 108
E. MISCELLANEOUS
1. Issuing|air 1 inch (25.4 mm) above the enclosure 170 306
@ The maximum pcceptable temperature rise is the marked temperature limit of the capacitor minus an assumed ambient
temperature of 30°C (86°F).
® This limitation does notapply to a contact mounted directly on a resistor element.
¢ Except for a th¢rmosetting material, the maximum acceptable temperature of a sealing compound when correctedl to a 30°C
(86°F) ambient te 7 J i i i ance with the

Standard Test Method for Softening Point by Ring-and-Ball Apparatus, ASTM E28-1992.

4 A short length of rubber or thermoplastic insulated flexible cord exposed to a temperature in excess of that normally considered
as the maximum allowable temperature for the compound involved, such as at the terminals, may be acceptable if supplementary
heat-resistant insulation of acceptable dielectric strength is employed on the individual conductors of the cord to prevent
deterioration of the compound. In any case, the insulation shall be of a type normally available that has a temperature limit as
close as possible to the temperature involved. Reference should be made to the National Electrical Code, ANSI/NFPA 70-1993 for
the temperature limits applicable to insulated conductors not included in this table.

€ This limitation does not apply to a compound that has been investigated and found to be acceptable for a higher temperature.

f A fuse that has been investigated and found acceptable for use at a higher temperature may be used at that temperature.

30.2 At the conclusion of the temperature test and while still in a heated condition, a product shall be
capable of delivering 125 percent of the secondary rated output current for one half of the load duty cycle
portion of a 10-minute time period without causing the protective device mentioned in the Exception to
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29.1 to trip. For example, a product shall be capable of delivering 125 percent of the secondary output
current without tripping the protective device for:

a) 3 minutes for a machine marked with a 60 percent duty cycle,
b) 4 minutes for a machine marked with an 80 percent duty cycle, and

¢) 5 minutes for a machine marked with a 100 percent duty cycle.

30.3 The product is to be connected to a supply circuit as specified in 24.1 and operated as described in
30.4 — 30.14 with the output terminals or leads connected to a resistance load as specified in 27.2.2.
Operation is to be continued at the rated duty cycle of the product until temperatures become stabilized.
See 30.9.

30.4 The pri
off cycle of a

ary is to be energized continuously throughout the test. The total time of\eac
roduct for manual welding is to be 10 minutes, and the duty cycle is not to be ¢

h complete on-
bxceeded.

30.5 A product for manual welding that has taps or adjustments for regulating the ouf
voltage is to |be tested under conditions of rated output and also under“cenditions of m
output. The tgsts are also to be conducted at lower tap settings to determine whether the ¢
of a stepped winding that is in doubt is acceptable for the marked output-current of any tap.

30.6 An autpmatic product that has taps or adjustments for regulating the output current
be tested under conditions of rated output.

30.7 The tegt at rated or maximum rated output is to'\be conducted with the secondary
loaded so that it will deliver its rated or maximum output current at the corresponding duty c
less than the |rated-load voltage. The primary-inputivoltage is to be maintained at the valy
the nameplate. See 24.1.

Exception: If 1
rated output o

he product will not maintainboth rated current and voltage, the secondary is
urrent regardless of the resulting load voltage.

30.8 As far
immediately
temperature
nearly as pra
highest value
temperatures

as practicable, temperature measurements are to be taken during the tg
.'Ir:ter shutdown 1f; sufficient time elapses between the instant of shutdown a

easurementito permit the temperature to all, corrections are to be applie
ticable thétemperature at the instant of shutdown. The recorded temperature
5 observed during operation or after shutdown if subsequent measurements s

put current or
aximum rated
irrent capacity

br voltage is to

of the product
ycle and at not
e specified on

o0 be loaded to

st as well as
nd the time of
l to obtain as
5 are to be the
how increased

30.9 A temperature is considered to be stable when three successive readings taken at 10-minute
intervals indicate no change. Temperature measurements are to be timed so that the highest temperature
during each cycle is observed.

30.10 A product having more than one rating is to be tested at the rating that will produce the greatest
temperature rise. If this cannot be predetermined, the product is to be tested separately at each rating.

30.11 All values for temperature rise in Table 30.1 are based on an assumed ambient temperature of
30°C (86°F); however, tests may be conducted at any ambient temperature within the range of 10 — 40°C
(50 — 104°F). It is to be assumed that a temperature rise is the same for any ambient temperature within
this range.

30.12 Temperatures are to be measured by means of thermocouples, or, for a coil, by the resistance
method.
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30.13 For the thermocouple method of determining temperature, thermocouples or other temperature-
measuring instruments of comparable size are to be applied to the hottest parts that are normally
inaccessible to liquid-in-glass thermometers. Depending upon the thickness of the insulation separating
them from current-carrying conductors, thermocouple readings may be considerably lower than those
obtained by the resistance method. Accordingly, the thermocouples used to determine the temperatures of
windings are to be applied directly to the conductors or separated from the metallic circuit only by the
integrally-applied insulation of the conductor itself.

30.14 To calculate the temperature rise of a coil by the resistance method, the following formula is to be
used:

Afe — (L L ¢ N __ (]| ¢
LAV \lv T Ll/ \l\» "2/
r

in which:

At is thp temperature rise in degrees C;

R, is the resistance of the coil at the end of the test in ohms;

R, is the resistance of the coil at the beginning of the test’in ohms when the coil is at room

tempenature;

k is 234.5 for copper, 225.0 for electrical conductor grade (EC) aluminum; values of thHe constant for

other cpnductor materials are to be determined;

t; is thg room temperature in degrees C at the beginning of the test; and

t, is thg room temperature in degrees C atthe end of the test.
31 Dielectri¢ Voltage-Withstand Test
31.1 A prodyct, while heated from the temperature test, shall withstand for 1 minute without breakdown
the application of a 60-hertz essentially sinusoidal potential of 1000 volts plus twice 'Lhe maximum
operating voltage of any circuit involved between any two circuits, and between any circuit apd dead metal
parts of the prpduct that may be’grounded.
31.2 A switch or other part having an established dielectric voltage-withstand requirement need not be
subjected to g testpotential higher than that specified in such a requirement, but all other ¢glectrical parts
are to remain ¢onnected during the test. One terminal of any circuit that is connected to the gnclosure is to
be opened beflore‘the test pni‘nnﬁnl is Qpplind between that circuit and dead metal parts.

31.3 The dielectric voltage-withstand test is to be conducted using a 500-volt-ampere or larger capacity
transformer, the output voltage of which is essentially sinusoidal and can be varied. The applied potential
is to be increased from zero until the required test level is reached, and is to be held at that level for 1
minute. The applied potential is to be increased at a substantially uniform rate and as rapid as is consistent
with its value being correctly indicated by a voltmeter.

Exception: A 500-volt-ampere or larger transformer need not be used if the transformer is provided with a
voltmeter to measure directly the applied output potential.
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32 Overload Test on Switches and Controls

32.1 A switch, a contactor, a circuit breaker, or other type of control device shall perform acceptably,
without electrical or mechanical breakdown or undue burning, pitting, or welding of the contacts, for 100
cycles of operation with the secondary output terminals of the product short-circuited.

Exception: An overload test is not required for a primary-circuit control device consisting of a circuit
breaker having voltage and current ratings not less than the primary rating of the product, or a two-pole
switch having, at the voltage involved, a horsepower rating at least equal to the numerical value obtained
by multiplying the rated primary current of the product in amperes, by 0.1, 0.2, or 0.25, respectively, for a

220- 250, 44

0 - 480, or 550 — 600-volt product.

32.2 During
through a 15-

the test, the frame of a product for use on a grounded-neutral system iscto
bmpere cartridge fuse to the grounded conductor. The frame of a product-inten

any other typ¢ of system is to be connected through a 15-ampere fuse to the live pole least

ground.

32.3 Thete
the rate of op!
any voltage-r|

5t is to be conducted with the product connected to a supply circuit as specifie
eration of the control device is to be 6 cycles per minute. The-product is to be
bgulating tap or current-regulating tap, or any other control that may affect

current adjusted to cause the highest primary input.

32.4 The cg
shall be subj¢
it may be ope

Exception: If
set of taps, a
that it is not t
known to per

33 Enduran

33.1 A switd
purpose shall
be no electri
contacts.

33.2 Thete

nnections involved in the operation of a voltagée-regulating tap and a current
cted to the overload test specified in 32.1 and 322, if the tap is constructed or
rated under load conditions.

more than one such control is provided on the product, the test need not be ¢
fap switch, or a primary switch that-has no off position, and that is plainly mar
b be operated under load, provided that at least one other control device on
brm acceptably under the overfead conditions. See 43.13.

ce Test on Switches and Controls

h, a circuit breaker/ or other type of control device that is not known to be acc
make and break-the full rated current of the product for 6000 cycles of operati
al or meehanical breakdown of the device nor undue burning, pitting, or

bt is, 10 be conducted with the product operating under the conditions of curre

be connected
ded for use on
likely to arc to

din24.1, and
operated with
the operating

regulating tap
ocated so that

pnducted on a
ked to indicate
the product is

eptable for the
bn. There shall
welding of the

nt and voltage

44 ond 20 7 onA vadh tha froman ~F th A Al pndad oo on n-29

described in

aro WHicnd 1
T ana 9o artg Wit i artic O aic ylvuuut Hlvullucu S SpPCTUmCUTITT V. £

2. The rate of

operation of the control device is to be 6 cycles per minute. The load on the secondary circuit is to be a
variable resistor as described in 27.2.2.

33.3 A tap switch for voltage or current regulation shall perform acceptably for 6000 cycles of operation.
A switch connected in a circuit other than the secondary — output — circuit shall be tested with the primary
energized, but with no load on the secondary. A switch in the secondary circuit shall be subjected to
mechanical operation only.

34 Dielectric Voltage-Withstand Test on Switches and Controls

34.1 A switch, a circuit breaker, or other control device that has been subjected to the overload and
endurance tests shall withstand for 1 minute without breakdown, the application of a 60-hertz essentially
sinusoidal potential of 1000 volts plus twice the maximum operating voltage between:
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