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Summary of Topics

This new edition of ANSI/UL 674 dated July 29, 2022 includes the following changes in
requirements:

— Revisions for the use of electronic medium for required documentation.

— Revisions to inclyde +60 °C and -60 °C explosion testing with test factors using
precompression explosion testing equipment.

— Revisions to remqve errors and omissions.
— Revisions to replgce the oxygen-bomb aging test with the air-oven aging test:

The new and revised requifements are substantially in accordance with Proposal($) on this subject dateg
July 2, 2021 and January 2§, 2022.
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transmitted in any form by any means, electronic, mechanical photecopying, recording, or otherwisg
without prior permission of L.

UL provides this Standard '|las is" without warranty of any kind; €ither expressed or implied, including bu
not limited to, the implied warranties of merchantability or fithess for any purpose.

In no event will UL be ligble for any special, incidental, consequential, indirect or similar damages
including loss of profits, lost savings, loss of data, er’any other damages arising out of the use of or thq
inability to use this Standard, even if UL or an.authorized UL representative has been advised of the
possibility of such damage.|In no event shall-UL's liability for any damage ever exceed the price paid fo
this Standard, regardless of|the form of the(Claim.

Users of the electronic vergions of WIs Standards for Safety agree to defend, indemnify, and hold UL
harmless from and against any loss, expense, liability, damage, claim, or judgment (including reasonablg
attorney's fees) resulting frpm.any error or deviation introduced while purchaser is storing an electronid
Standard on the purchaser's eomputer system.
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Preface

This is the harmonized ANCE, CSA Group, and UL standard for Electric Motors and Generators for Use in
Hazardous (Classified) Locations. It is the second edition of NMX-J-652-ANCE, the fourth edition of CSA

C22.2 No. 145, and the si

xth edition of UL 674. This edition of CSA C22.2 No. 145 supersedes the

previous editions published in 1972, 1986 and 2011. This edition of UL 674 supersedes the previous

edition published in 2011.

This harmonized standard was prepared by the Association of Standardization and Certification (ANCE),
the Canadian Standards Association (CSA), and Underwriters Laboratories Inc. (UL). The efforts and

support of the CANENA Tec

hnical Harmonization Committee are gratefully acknowledged.

This standard is considere
standard.

This standard was reviewe
the jurisdiction of the CSA
Committee on Requiremen
Committee.

Application of Standard

Where reference is made

considered a minimum quantity.

Note: Although the intended prim
responsibility of the users of the st3

Level of harmonization

This standard uses the |EC
standard.

This standard is published &

An equivalent standard is a
Technical national differen
recognized as being in accgd
geographical, technological

i suitable for use for conformity assessment within the stated scope of thg

H by the CSA Integrated Committee on Hazardous Location Products, unde
Technical Committee on Industrial Products and the CSA Stratégic Steering
s for Electrical Safety, and has been formally approved by the"\CSA Technica

0 a specific number of samples to be tested,. the specified number is to bg

bry application of this standard is stated in its_scope, it is important to note that it remains thq
ndard to judge its suitability for their particularurpose.

format but is not based on, nor is it to be considered equivalent to, an IEQ

s an equivalentstandard for ANCE, CSA Group, and UL.

standardd¢hat is substantially the same in technical content, except as follows
ces are\ allowed for codes and governmental regulations as well as those
rdance with NAFTA Article 905, for example, because of fundamental climatic

onjinfrastructural factors, scientific justification, or the level of protection tha

the country considers appro

priate. Fresentation IS wora 10r wora except 1or editorial changes.

Reasons for differences from IEC

This standard provides requirements for electric motors and generators in accordance with the codes of
Canada, Mexico, and the US. At present there is no IEC standard for electric motors and generators for
use in accordance with these codes. Therefore, this standard does not employ any IEC standard for base

requirements.
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Interpretations

The interpretation by the standards development organization of an identical or equivalent standard is
based on the literal text to determine compliance with the standard in accordance with the procedural rules
of the standards development organization. If more than one interpretation of the literal text has been
identified, a revision is to be proposed as soon as possible to each of the standards development
organizations to more accurately reflect the intent.
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1 Scope

1.1

This standard applies to electric motors and generators or submersible and nonsubmersible sewage

pumps and systems suitable for use in Class |, Division 1, Groups B, C and D, and Class Il, Division 1,
Groups E, F and G, hazardous (classified) locations as defined by CSA C22.1 Canadian Electrical Code,
Part | (CE Code), the National Electrical Code, ANSI/NFPA 70 (NEC), and NOM-001-SEDE.

Note: In the US, the application “hazardous locations” is referred to as “hazardous (classified) locations”.

1.2 This standard covers t

he same type of electrical equipment indicated in 1.1 for installation and use in

Class I, Zone 1, Groups IIA and IIB, IIB+H,, and Zone 20 and 21 hazardous locations.

1.3 This standard also ¢
tachometers, encoders, and

1.4 This standard does no

1.5 For Canada Only —
performance requirements.
referenced in whole or in p3g
efficiency or product perfo
confirm whether item 19 has

Note: This standard also does ng
locations.

2 Conditions for Use

2.1
2.6.

2.2 Normal ambient duty g

a) An oxygen concentration not to exceed 21 % by volume.

b) A nominal barome
c) Temperature rang

d) Altitude not excee

This standard covers motors and generators intended for use under the conditions specified in 2.2

pvers other rotating machinery such as, but not limited to, electric brakes
slip rings.

t address types of protection other than explosion-proof or dust-ignition-proof.

This standard does not include Canadian energy efficiency or produc
For such requirements, see Annex A, item 19. It is possible’ that item 19 ig
rt in federal, provincial, territorial, or local laws or regulations relating to energy
rmance. The appropriate governmental authorities~should be consulted tq
been referenced in laws or regulations.

t include U.S. energy efficiency requirements for electric\motors used in hazardous (classified

onditions are defined by the following:

tric pressure'of-101.4 kPa (14.7 psia) (1 atmosphere).
e of minus 25 °C to +40 °C.

ding-7000 m (3281 ft).

In Canada, the normal ambi

ent temperature is minus 50 °C to +40 °C.

2.3 Low ambient duty conditions are considered to be not less than minus 70 °C.

2.4 Products intended an

d marked for an ambient of lower than minus 25 °C shall be tested (e.g.:

explosion pressure test) at 5 °C below the marked lower temperature.

In Canada, products intended and marked for an ambient of lower than minus 50 °C shall be tested (e.g.:
explosion pressure test) at 5 °C below the marked lower temperature.

2.5 High ambient duty con

ditions are considered to be higher than +40 °C.
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2.6 If a motor is rated for use in an ambient higher than +60 °C (+65 °C in Canada), the flame
propagation test shall be performed at the marked temperature or greater.

3 Normative References

3.1 Products covered by this standard shall comply with the reference installation codes and standards
noted in Annex A as appropriate for the country where the product shall be used. When the product is
intended for use in more than one country, the product shall comply with the installation codes and
standards for all countries where it is intended to be used.

In Canada, general requirements are as indicated in Annex A, item 18.

4 Dated and Undated Rederences

4.1 For undated references$ to standards, such reference shall be considered to refer to the latest edition
and all revisions to that editfon up to the time when this standard was approved. For dated referénces to
standards, such reference shall be considered to refer to the dated edition.

5 Definitions

5.1 For the purposes of thi$ standard, the following definitions apply.

5.2 AUTOMATIC RESET PROTECTOR — A device that incorporates a himetal that is calibrated to open

the motor circuit upon reach
has cooled to a lower tempe

5.3 COMPONENT - Any @
generator to comply with haz

5.4 FLAT (PLAIN, FLANGH
by steps or threads.

5.5 LABYRINTH JOINT F(
least one radial path having

5.6 MANUALLY RESET P

ng a certain temperature and automatically gloses the circuit once the bimetal
rature.

evice which can stand alone and do€s not require attachment to the motor or
ardous location requirements.

ED, CYLINDRICAL) JOINT='A joint where the path is flat and is not interrupted

R SHAFTS — A jointhaving at least two axial paths in series, interrupted by at
B minimum length ©f 1.6 mm (0.06 inch).

ROTECTOR — A device that incorporates a bimetal that is calibrated to open

the motor circuit upon reaching a‘certain temperature and requires manual resetting to close the motor|
circuit again.

5.7 OPERATING ROD (SPINDLE) — A component of circular cross section used for transmitting control
movements that may be rotary or linear or a combination of the two.

5.8 PORTABLE MOTOR — A portable motor is one that can be easily moved. A portable motor
incorporates a cord and a plug. A submersible sewage-pump motor, with or without a flexible cord, is not
considered a portable motor.

5.9 POWER SHAFT — A component of circular cross section used for transmitting rotary motion.

5.10 RABBET (STEPPED, SPIGOT) JOINT — A joint with two or more surfaces perpendicular to each
other in the direction of the path.
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5.11 SINGLE-OPERATION DEVICE — A device that incorporates a bimetal that is calibrated to open the
motor circuit upon reaching a certain temperature and is resettable only by cooling to 10 °C lower than the
minimum rated ambient of the motor, but not greater than minus 35 °C (minus 31 °F), or lower.

In Canada, a device that incorporates a bimetal that is calibrated to open the motor circuit upon reaching a
certain temperature and is resettable only by cooling to 10 °C lower than the minimum rated ambient of the
motor, but not greater than minus 60 °C (minus 76 °F), or lower.

5.12 THERMAL CUT-OFF — A device that will open a circuit when exposed for a sufficient length of time
to a temperature at or above a specified functioning temperature. A thermal cut-off functions once only and
will not reverse its function when the temperature is reduced below the functioning temperature.

6 Components

6.1 Except as indicated in
requirements for that compg
in the products covered b
Standards as appropriate fg

6.2 A component need no

a) Involves a feature
covered in this stand

b) Is superseded by
7 Units of Measurement

7.1 The values given in
information purposes only.

8 Terminology

8.1  Where the term "moto
applies to a generator or a S

8.2 The term sewage pump refersyto both submersible and non-submersible types unless otherwisg

specified.

6.2, a component of a product covered by this standard shall comply ‘with the
nent. See Annex B for a list of standards covering components generally useq
y this standard. A component shall comply with the ANCE,(€SA, or UL
r the country where the product shall be used.

comply with a specific requirement that:

or characteristic not needed in the application of the eomponent in the produc
ard; or

B requirement in this standard.

Sl (metric) units shall be normative. Any other values given shall be fo

™ is employed in this standard, it shall be understood that the requirement alsg
ewage pump. motor.

haarA thaot oAl 4 Cloce | Cloca 1] A f‘lr\

8.3 Paragraphs in this sta

by the following designations appearing after the subclause numbers:

oo
ITard ot appry tU-oiasSS T, oiasd iT;, Ul OiasS

9 Zone and Group Equivalency

9.1 Class |, Zone 1, Grou
9.1.1
with all the requirements fo
(classified) locations.

p A

Explosion-proof electrical equipment intended to be marked in accordance with 52.2 shall comply

r explosion-proof electrical equipment for use in Class |, Group D hazardous
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9.2 Class|, Zone 1, Group lIB

9.21

Explosion-proof electrical equipment intended to be marked in accordance with 52.3 shall comply

with all the requirements for explosion-proof electrical equipment for use in Class I, Group C hazardous

(classified) locations.
9.3

9.31

Class |, Zone 1, Group IIB+H2

Explosion-proof electrical equipment intended to be marked in accordance with 52.4 shall comply

with all the requirements for explosion-proof electrical equipment for use in Class |, Group B hazardous

(classified) locations.

9.4 Zone 20 and 21

9.4.1 Dust-ignition-proof e
comply with all the requirem
or G hazardous (classified) |

10 Enclosures

10.1 Material

10.1.1 (I, II) A motor encla
alloys containing not less th
acceptable.

10.1.2 (I, II) To reduce the
cord-connected submersiblg
made of:

a) Brass, bronze, or 3
b) Brass or bronze fo
10.1.3 (I, Il) The shaft neeg
10.1.4 (I, 1) For a cord-cq

prevents the pump from con
parts that could contact the ¢

ectrical equipment intended to be marked in accordance with 52.7shall
ents for dust-ignition-proof electrical equipment for use in Class I1l,,Group E, F
bcations.

sure shall be made of iron, steel, copper, brass,; bronze, or aluminum or its
bn 80 % aluminum. A metal such as zinc orgnagnesium, or their alloys, is not

risk of percussion sparks all expaséd metal parts of a portable motor or a
sewage pump that can be struck-by or strike against a foreign object shall be

luminum for a portable motor; or

I a cord connected submersible sewage pump motor.
not comply with-this requirement.

nnected ‘submersible sewage pump provided with a guide-rail system that
tacting-other objects while being raised or lowered into the wet pit, only metal
uidewail system and plumbing are required to be made of brass or bronze.

10.2 Porosity in castings

10.2.1

(I, 1) Surface porosity not in the joint surface shall not be over 2.4 mm (3/32 inch) wide and not

over 1.6 mm (1/16 inch) deep. These holes are not considered as affecting the minimum thickness except

that the wall from the bottom

of a hole to the opposite surface shall not be less than 3.2 mm (1/8 inch).

10.2.2 (I, Il) Surface porosity in joint surfaces shall not be over 1.6 mm (1/16 inch) wide or 1.6 mm (1/16
inch) deep and shall be such that the specified widths of joints are provided, not including the porosity.

10.2.3 (I, Il) The porosity level shall be no greater than level 6 as specified in Annex A, item 17.
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10.3 Thickness

10.3.1 (I, Il) Except as noted in 10.3.4, the minimum thickness of the enclosure walls shall not be less
than that specified in Table 1.

10.3.2 (I, Il) A machined or a threaded joint in the walls of a cast-metal enclosure, such as at the end-
shield/stator-frame joint, shall have at least the thickness specified in Table 1 through the overlap with
neither section less than 1.6 mm (1/16 inch) thick.

10.3.3 (I, ) For an enclosure consisting of different materials such as a steel stator frame and cast-iron
end shields, the total thickness through the overlap shall not be less than the minimum required for either
of the metals. A section through the overlap shall have a thickness of not less than 1.2 mm (3/64 inch) for
a sheet-steel section and nqgt less than 1.6 mm (1/16 inch) for a cast-metal section.

10.3.4 (I, Il) For a tube-copled (totally-enclosed, air-to-air cooled) motor in which the cooling tubes forn
part of the explosion-proof jor dust-tight enclosure, the tubes may be copper, brass, aluminumyor steel
having a wall thickness of npt less than 0.76 mm (0.030 inch) if:

a) The tubes are protected against external mechanical damage by an enclosure having 3
minimum thickness as specified in Table 1; and

b) The tubes are profected against the risk of electrical burn through by;

1) An insulafing barrier at least 0.70 mm (0.028 inch) thick between the tubes and any
electrical compponent that is subject to arcing;

2) A groundef metal barrier that will prevent any arcs\from electrical parts from reaching the
tubes; or

3) Location gf components so that no arc fremyany electrical component, including interna
wiring, can contact the tubes.

10.4 Strength

10.4.1 (I, ) The fluid hanfling section of alcanned motor pump shall withstand a pressure equal to 1.5
times the operating pressurge for 10 minutes.without evidence of leakage into any electrical compartment.

10.4.2 (1) The motor enclpsure strength shall be sufficient to withstand the stresses resulting from the
Explosion Pressure Test of Clause-36.

10 4 3 I Th blt f r aforaonclociira A vathatand tntarnal Avalacian Aracor Ao vt o ffi A ANt o afAt,
A e anilli y Ol a Mmeter-enciosureto-WHRStaRaHhterhat CAPTIOSIONT PTresSSUrCsS Wit SUToroT e Sarcty

factor shall be determined either by calculations or by the Over Pressure Test on Enclosures of Clause 37.
The safety factor used for calculations shall be that specified in Table 2.

10.4.4 (l) For a line of motors being covered by tests on a representative motor or motors, the required
strength shall be based on the maximum internal explosion pressure recorded during the tests, or the
pressure specified in Figure 1, whichever is higher. For a single motor (one frame size with one rating), the
required strength shall be based on the maximum internal explosion pressure.

10.4.5 (I) The construction of a tube-cooled motor shall be such that the tubes cannot become dislodged
from the main enclosure assembly. See Pull Test on Tubes of Clause 48.
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11 Joints in Enclosure

11.1 General

11.1.1
labyrinth or threaded.

(I, ) A joint in an enclosure shall be of the metal-to-metal type, and shall be flat, rabbet (stepped),

11.1.2 (I, II) A metal joint surface shall have an arithmetical average roughness of not more than 0.0064
mm (250 micro-inches) in accordance with the Annex A, item 14.

11.1.3 (I, Il) A feeler gauge utilized to measure the clearances specified in these requirements shall be

3.2mmto 12.7 mm (1/8 inc

to 1/2 inch) wide

11.1.4 (I, ) The clearance
described in 11.1.3 will not e

11.1.5 (I, ) In the case

shall be considered to comply with the requirement if such a feeler gauge'as
nter the joint for a distance of more than 3.2 mm (1/8 inch) at any point.

pf cylindrical joints, the clearance shall be considered to comply with the

requirement if the differenc¢ in the average diameters of the two parts does not exceed\the clearance

dimensions specified elsewh

Note: The diameters shall be m4g
circumference of both parts and avg

11.1.6 (I, Il) The width of
position.

11.1.7 (I, Il) Except as not
measured:

a) From the inside of
bolt clearance hole a

b) From the outside g
bolt clearance hole if

11.1.8 (I, Il) For a rabbet ja
to accept a 1.2 mm (1/16 in
reduce the minimum require

ere in this standard for such a joint.

asured at four points equally spaced over a total of 135° (@°,"45°, 90°, 135°) around the
raged.

a joint shall be measured with the mating parts in their most unfavorable

bd in 11.2.3.1 — 11.2.3.3 and 11.4.3.¢~ 11.4.3.3, the width of a joint shall be

the enclosure to all places around the joint, including the nearest edge of the
nd elsewhere if the bolt headis outside the enclosure; and

f the enclosure to alltplaces around the joint, including the nearest edge of the
the bolt head is inside the enclosure.

int, a maximum chamfer of 2.4 mm (3/32 inch) may be provided at the corner
ch) diaméter "O" ring (if such an "O" ring is provided). The chamfer shall not
i metal:to-metal width of the joint.

11.1.9 (1, Il) Joints in a tern|

inal box shall comply with the requirements in Annex A, items 10 and 12.

11.1.10 (I, I) Joints in a switch enclosure shall comply with the requirements in Annex A, items 10 and

12.

11.2 Groups C and D locations

11.2.1 General

11.2.1.1
Table 5, or Table 6 (informati

11.21.2

(I) Except as noted in Section 36, joints in a motor enclosure shall be as specified in Table 3,

ve) as applicable.

(I) The minimum joint width in flat (plain) or rabbet (spigot) joints shall be in accordance with

Table 3, Table 5, or Table 6 (informative) as applicable, except that the clearance (gap) may be larger
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providing the enclosure meets the flame propagation test with an additional safety factor applied to the test
clearance (gap) in accordance with 36.6.

11.2.1.3 (l) The determination of free internal volume shall exclude the volume of any potting and/or
sealing compound.

11.2.2 Threaded joints

11.2.2.1 (l) A threaded joint shall consist of the number of fully engaged threads specified in Table 7.
Threads shall not be finer than specified in Table 7.

11.2.2.2 (l) The engagem
is considered to be a threaded joint.

11.2.3 Bolts in joint widt

11.2.3.1 (I) A bolt may be
and Table 6 (informative) as

See Figure 4.

11.2.3.2 (l) For a supplemn
part attached to the motor
complies with the requirems

11.2.3.3 () The depth of
variations in standard bolt I¢
the bolts shall be capable of

11.3 Group B locations

11.3.1 General

11.3.1.1 () The width of 4
(30 cubic inches) shall not b
the inside edge to the neare
not be less than 9.5 mm (3/,
(0.0015 inch) or such that a
(1/8 inch) at any point. See |

located in the joint width provided that the requirements in Table’3, Table 5
applicable, and the minimum effective joint width specified in‘\Table 4 are met

entary enclosure, such as a terminal box, device cover, and the like, or othe
enclosure, a bolt may be located in the joint width if the joint construction
nts in 11.2.3.1. See Figure 4.

fapping for the bolt mentioned in 11.2.3<1.'and 11.2.3.2 shall permit nomina
ngths to be accommodated. The use of‘washers shall be optional, but if used
securing the part tightly without the washers.

joint in an enclosure having a free internal volume of not more than 0.5 dm
e less than 9.5(mm (3/8 inch). At a bolt hole, the width shall be measured fromn
st edge of the\bolt clearance hole. The cover thickness at the joint flange shal
B inch). The-Clearance between the joint surfaces shall be less than 0.038 mn
0.038.mm (0.0015 inch) feeler gauge will not enter the joint more than 3.2 mn

Figure 8.

11.3.1.2 (1) For an enclosure having a free internal volume of not more than 0.1 dm* (6 cubic inches), the
clearance between the joint surfaces shall not be more than 0.10 mm (0.004 inch), and the cover
thickness at the joint flange may be less than 9.5 mm (3/8 inch).

11.3.1.3 (I) The width of a joint in an enclosure having a free internal volume of more than 0.5 dm® (30
cubic inches) and not more than 1.6 dm? (100 cubic inches) shall not be less than 15.9 mm (5/8 inch). At a
bolt hole, the width shall be measured from the inside edge to the nearest edge of the bolt clearance hole.
The clearance between the joint surfaces shall be less than 0.038 mm(0.0015 inch) or such that a 0.038
mm (0.0015 inch) feeler gauge will not enter the joint more than 3.2 mm (1/8 inch) at any point. A rabbet
joint shall have a total width of not less than 22.2 mm (7/8 inch), with neither section of joint being less than
9.5 mm (3/8 inch) wide. The diametrical clearance at the axial section of joint shall not be more than 0.064
mm (0.0025 inch), and the clearance at the radial or clamped section of joint shall not be more than 0.038
mm (0.0015 inch). See Figure 10.
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11.3.1.4 (1) The width of a joint in an enclosure having a free internal volume of more than 1.64 dm? (100
cubic inches) and not more than 5.7 dm® (350 cubic inches) shall not be less than 25.4 mm (1 inch). At a
bolt hole, the width shall be measured from the inside edge to the nearest edge of the bolt clearance hole.
The clearance between the joint surfaces shall not be more than 0.038 mm (0.0015 inch).

11.3.2 Bolts in joint width
11.3.2.1 () A bolt is not prohibited from being located in the joint width of an enclosure having a free

internal volume (air volume) of more than 1.6 and not more than 5.7 dm® (100 — 350 cubic inches) when it
complies with the requirements in 11.3.2.2 and 11.3.2.3.

11.3.2.2 () A bolt is not prohibited from being located in a 25.4 mm (1 inch) or wider joint when the

distance from the inside of t
than 21.8 mm (55/64 inch),
more than 1.14 mm (0.045
length of not less than one-

he enclosure to the nearest edge of the clearance hole for the bolt is not less
and the diametrical clearance between the bolt and the clearance hole is hot
inch), measured over the shank or the major diameter of the threads) for a
nalf the required width of joint. The distance from inside the enclosure to the

edge of the nearest clearapce hole is measured with the cover in the most unfavorable pesition. See

11.3.2.5 and Figure 9.

11.3.2.3 (I) All bolt holes i a joint width shall be bottomed or the bolts or screws fop fastening a cover

shall each engage at least fi
11.3.2.4 (l) Aboltin ajoint

11.3.2.5 (I) The requireme
cross section. Screws that f
enclosure parts are not pr
requirements in 11.3.2.1 —

e full threads in a tapped hole.
width is not prohibited from being provided with a\lock washer.

hts in 11.3.2.1 — 11.3.2.3 apply, in generalto‘machine screws having a round
orm their own machine-type thread and have been investigated for securing
bhibited from being located in the_joint width when they comply with the
11.3.2.3, except for measurement-of the bolt clearance. In determining the

clearance between a thread
minimum dimension of the ¢

11.3.3 Threaded joints

11.3.3.1 (I) A threaded join

forming screw and its clearance’ hole, the bolt dimension to be used is the
ross section over the threads:

shall comply with.the following:

a) For standard tapered pipe thréads, not less than 5 fully engaged threads shall be provided; or

b) For parallel thread
threads required sha

s not finer than 1.27 mm pitch (20 threads per inch) the minimum number of
| be.not less than specified in Table 42 for the class of fit; or

c) For parallel threads not finer than 0.79 mm pitch (32 threads per inch) and tested as described in
Explosion Tests — Class | Locations of Clause 36, the minimum number of threads required shall be

not less than specifie
11.4 Class Il Locations
11.4.1 General

11.4.1.1
Table 9, as applicable.

d in Table 43.

(I1) Except as noted in 35.12, joints in a motor enclosure shall be as specified in Table 8 and
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11.4.2 Threaded joints

11.4.2.1 (ll) A threaded joint shall consist of at least 3 threads fully engaged. Threads shall not be finer
than 0.79 mm pitch (32 threads per 1 inch).

11.4.3 Bolts in joint width

11.4.3.1 (ll) At a metal-to-metal joint between an inner bearing cap and an end-shield, a bolt may be
located in the required joint width if:

a) The bearing cap is secured by bolts or studs extending through the end-shield and engaging
tapped holes in the bearing cap (see also 11.4.3.3);

b) The width of joint
enclosure and the cl

between the nearest edge of the clearance hole and the interior of the moto
barance between the joint surfaces complies with the requirements in 14,4)1.1;

barance between each bolt or stud and its clearance hole is not more'than 1.14
asured over the shank or the major diameter of the threads, for a‘length of no
8 inch); and

c¢) The diametrical cl
mm (0.045 inch), me
less than 9.5 mm (3

d) The width of the
bearing chamber sh
surfaces of not more

joint between the nearest edge of the clearance hole ahd the interior of thg
all not be less than 2.8 mm (7/64 inch) with a clearance between the join
than 0.05 mm (0.002 inch).

11.4.3.2 (ll) The depth of
variations in standard bolt I¢
the bolts shall be capable of

11.4.3.3 (ll) With respect t
tapped hole in the inner bes
the hole need not be bottom

11.4.4 Through-bolts

11.4.4.1 (ll) — For a throu

diametrical clearance betwg¢en the unthreaded shank of the bolt and the clearance hole in the enclosurg

(or end shields) shall not b
inch).

11.4.4.2 (ll) - For a joint

tapping for the bolts or studs mentioned_inv11.4.3.1 shall permit nomina
ngths to be accommodated. The use of washers shall be optional, but if used
securing the part tightly without the washers.

D 11.4.3.1(a), if studs are used and'they each engage at least 3 full threads in &
ring cap and are mechanically‘secured against removal from the bearing cap
ed.

gh-bolt that secures the end shields and passes through the enclosure, the

e more than 0.25 mm (0.010 inch) for a length of not less than 12.7 mm (1/3

petween a specially-machined nut and a machined surface on the end shielg

surrounding the bolt hole, tt

e widthof jointstattmot betesstham4- 8 mm (3748 nch)—The clearanceat the

joint shall not be over 0.05 mm (0.002 inch) for a 4.8 mm (3/16 inch) wide joint and not over 0.08 mm
(0.003 inch) for a 6.4 mm (1/4 inch) wide joint. The width of joint shall be measured from the bolt clearance
hole to the nearest outside edge of the nut. In addition, the nut shall fully engage not less than five threads
of the through-bolt and a washer shall not be provided.

11.5 Class | and Il Locations — Main poles and interpoles of D.C. motors

11.5.1 General

11.5.1.1 (I, Il) A d-c motor for Class |, Group D, and Class Il locations, with the main poles and interpoles
fastened to the stator frame by bolts or studs, shall have a distance from the edge of the pole piece to the
bolt hole in the motor frame of not less than 3.2 mm (1/8 inch) if the diametrical clearance between the bolt
and bolt hole is not more than 0.58 mm (0.023 inch) for a distance of not less than 12.7 mm (1/2 inch) of
the unthreaded bolt shank.
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11.5.1.2 (I, Il) The pole piece shall be tightly clamped against the interior of the motor frame with a
clearance of not more than 0.10 mm (0.004 inch).

11.5.1.3 (I, Il) Alock washer may be used with the bolt. Metal shims may be provided in the joint between
a pole piece and the stator frame.

11.5.2 Brush holders

11.5.2.1 (l) A cap of a brush holder shall be provided with metal threads for engaging a metal brush
holder mounted through the wall of the motor enclosure.

11.5.2.2 (l) For a motor fwmmmsw@wm
specified in Table 7, and shall have a minimum length of thread-engagement of not less than 8 mm (5/16

inch) as specified in Table 43.

11.5.2.3 (ll) For a motor for Class Il locations, there shall be at least 3 full threads engagedy’and the
threads shall not be finer thap 1.06 mm pitch (24 threads per 1 inch).

11.5.2.4 (I, Il) The insulatipn provided between the brush holder and the enclosure,xand on the brush-
holder cap, shall be phenoli¢ composition or the equivalent, and there shall be no gxposed live parts. The
joints between portions of a| brush-holder assembly and between the assembly{and the motor enclosure
shall comply with the requirgments specified for joints in the motor enclosure.

12 Holes in Enclosure

12.1 (I, Il) Other than as nqgted in 12.5, a hole in an enclosure for securing a part, such as a nameplate or
a switch, shall be bottomed.

12.2 (I) The remaining thjckness at the bottomed hole ‘shall be sufficient to withstand the internal
explosion pressures as shown by calculations or by an.o\er pressure test.

12.3 (I) Fastenings such as removable bolts,.screws, and studs, shall not leave an opening in the
enclosure wall when omitted. The minimum thickness of metal around the hole shall be not less than 3 mm
(1/8 inch) or 1/3 of the diameter of the hole; Whichever is greater. The minimum thickness of metal at the
bottom of the hole shall be hot less than3-mm (1/8 inch) or 1/3 of the untapped diameter, whichever is
greater.

12.4 (I, Il) The remaining thickness at the bottomed hole shall not be less than 1.6 mm (1/16 inch) when
closed by a screw.

12.5 (I, II) A hole in an enclosure may be through-hole when:

a) The hole is closed by a metal pin or part that is press-fitted in the hole for a length of at least 9.5
mm (3/8 inch) for Class | locations, and 4.8 mm (3/16 inch) for Class Il locations. The pin or part
shall be secured against removal by welding, peening, or the equivalent;

b) The hole is closed by solid and continuous welding of the pin or part that is installed in the hole;
or

¢) The hole is closed by a bolt or screw that:

1) Does not have more than 0.79 mm pitch (32 threads per inch);
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2) Engages at least 5 full threads for Class | locations and at least 3 full threads for Class Il

locations. Fo

r a self-tapping screw, the number of threads engaged shall be measured

when the screw is seated; and

3) Is secured against removal; and if the means for securing is not obvious, the bolt or
screw shall withstand the following torques without loosening: for screw size No. 4, 2.8 N-m;

No. 5,4 N-m;
13 Shaft Openings

13.1 General

No. 6, 4.5 N-m; No. 8, 8.5 N-m; and No. 10, 13.5 N-m.

13.1.1 (I, ) A shaft openi
roughness requirements for|

13.1.2 () Shaft openings
Group C motors, and in Tab

ng in a motor enclosure shall be of the metal-to-metal type. See 11.1.2 for the
the metal surfaces forming the path.

n a motor enclosure shall be as specified in Table 10 or Table 12,for Class |
e 11 or Table 12 for Class |, Group D motors. See Figure 2.

13.1.3 () The shaft open
offered by the ball bearings

13.1.4 (1) The length of th
metal path. Oil or grease gr
mm (1/8 inch) shall be acce
openings) shall not be cons

13.1.5 () The total actual
metal path.

13.1.6 (I) An opening for
effectiveness.

ngs specified in Table 10 to Table 12 shall be in addition te any protectior
pr sleeve bearings of the motor.

e shaft opening or path shall be determined by measuring only the metal-to
pboves with a maximum width of 6.4 mm (1/4 inch):and a maximum depth of 3.3
ptable. The total width of the oil or grease gréoves (without any inlet or outle
dered in measuring the effective metal path.

length of a labyrinth shall be considered as equivalent in length to a straigh

oil or grease shall be located outside the path in order not to nullify its

13.1.7 (1) If the required s

oil or grease opening shall rjot be provided unless the construction of the opening provides a length of path

not less than that required

13.1.8
bearing, the bearing shall

oil openings and grooves may ‘be’provided in this 31.8 mm (1-1/4 inches) length of sleeve bearing, subjec

() If a path as spedfied in Tabte 10 to Table 12, is not provided in addition to the length of a sleeve

aft path is located between the bearing and the outer surface of the motor, ar

the shaft opening.

ve an-overall length of not less than 31.8 mm (1-1/4 inches). The necessary

anath chall ha Al A

to tests. In addition, the fla

rcrpat T oA T CTaTeT

a) Around a radial shaft shoulder of not less than 3.2 mm (1/8 inch) with end-play limited by means

of spring washers or
D locations; or

the equivalent to less than 0.05 mm (0.002 inch) for a motor for Class |, Group

b) Through a labyrinth with an offset not less than 1.6 mm (1/16 inch) [difference in diameters of at
least 3.2 mm (1/8 inch)] through two 90° turns. See Figure 3. The labyrinth shall have a diametrical
clearance of not more than 0.51 mm (0.020 inch) through a length of not less than:

1) 6.4 mm (1/4 inch) for a motor for Class |, Group D locations; and

2) 9.5 mm (3/8 inch) for a motor for Class |, Group C locations.
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13.2 Groups F and G locations

13.2.1 (ll) An outer shaft opening shall have a length of path and diametrical clearance between the shaft
and its opening in accordance with Table 13.

13.2.2 (ll) A motor provided with an inner shaft opening complying with dimensions specified in Table 14
may have shorter lengths of path and greater clearances at the outer shaft opening if the construction
prevents the entrance of dust into the bearing chamber as determined by visual examination following the
Dust-Penetration Test — Class Il Locations of Clause 35.

13.2.3 (ll) For grooves machined in the dust-tight path, the measurements shall be made overall without
addition or subtraction of the

grooves.

13.2.4 (ll) A stationary oil

seal may be used at an outer shaft opening if it is in addition to thesshaft

opening requirements specified in 13.2.1 — 13.2.3.

13.3 Group E locations

13.3.1  (ll) The dimensions
those specified in 13.2.1 —
bearing chamber, as detert
Locations of Clause 35.

13.3.2  (ll) With reference t
shaft opening is generally re
seal employed to prevent en

of a shaft opening in a motor for Group E locations shall not be less than
13.2.2 and shall be such as to prevent the entrance/of'metal dust into the
hined by visual examination following the Dust-Pefetration Test — Class Il

b 13.3.1, a revolving seal or slinger forming an“additional labyrinth path at the
quired to prevent the entry of metal dust into-the bearing chamber. A revolving
france of dust shall be made of brass, bronze, or aluminum.

14 Drain and Breather Plugs in Enclosure

14.1 (I, Il) A drain plug and
a) Perform its intende
b) Be located or protg

c) Be permanently at

d) Be constructed of

a breather plug shall:

d function without removal of any part;

cted to reduce the likelihood of damage to the plug;
ached to the.enclosure; and

corrosion resistant material.

14.2 (I, Il) The metal-to-me

tal joint between a drain plug or breather plug and the enclosure shall comply

with the requirements specified for Joints in Enclosure of Clause 11.

14.3

(I) A drain plug or a breather plug shall prevent the passage of flames and sparks capable of igniting

the surrounding flammable atmospheres, as in the requirements specified for Explosion Tests of Clause

36.

14.4

(I1) A drain plug or breather plug shall prevent the entrance of dust as in the requirements specified

for Dust-Penetration Tests of Clause 35.

15 Air-Gap Gauge Plugs in Enclosure

15.1
requirements for threaded jo

(I, Iy An air-gap gauge plug may be provided if necessary. If provided, the plug shall comply with

ints as applicable in 11.2.2, 11.3.3, and 11.4.2.
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16 Devices with Operating Rods or Spindles

16.1 (I) The path between

a) Be in accordance

an opening in an enclosure and an operating rod or spindle shall:

with Table 3 or Table 5 and Table 6 for cylindrical or rabbet joints; or

b) Comply with 11.2.2 or 11.3.3 for threaded joints.

16.2 (ll) The path between an opening in an enclosure and an operating rod or spindle shall:

a) Conform to the requirements of Table 8; or

b) Be of the threaded type complying with the requirements in 11 4 2

17 Protection Against Corrosion

17.1 General

17.1.1 (I, I) Iron and steel
sherardizing, plating, or oth
free from runs, globules, or
be ignited by impact or by th

17.1.2 (I, Il) Surfaces of
against corrosion.

17.1.3 (I, 1) Internal mag
bearings, laminations, and
required to be protected ag4d

17.2 Submersible sewage-pump motor

17.2.1 () For a submersil
made of stainless steel or a

17.2.2 (l) For a submersibj
or seals located external to
the surfaces. Shaft opening
opening.

parts shall be protected against corrosion by painting, enamelling, galvanizing
br equivalent means. A coating of nitro-cellulose-base paint.or enamel shall be
accumulations, and its composition shall be such thatithe paint is not likely tg
e temperature on the surface to which it is applied.

sheet-steel and cast-iron parts within an enclosure need not be protected

hined surfaces of a cast-iron stator-frame, joint surfaces, shaft openings
minor parts of iron or steel such as~washers, screws, and the like, are no
inst corrosion.

le sewage-pump mator, fasteners securing enclosure parts together shall be
N equivalent corrasion-resistant material.

e sewage-pump motor, joint surfaces shall be protected by "O" rings, gaskets
the jointfitdo reduce the likelihood of the entrance of sewage that may corrodg
s shall.be provided with lip or mechanical seals located external to the shaf

18 Materials Applied to Joint Surfaces

18.1 (I, ) Paint or sealing

material shall not be applied to the contacting surfaces of a joint. A thin film of

oil or grease may be applied to metal-joint surfaces before assembly.

18.2 (I, 1) Joint surfaces may be electroplated. The metal plating shall not be more than 0.0076 mm
(0.0003 inch) thick.

18.3 (I, Il) Paint, paint over-spray, or thread sealant is permitted on conduit entry threads provided the
entry passes the conduit entry electrical-resistance test of 41.3 and the gauging requirements of 19.1.1.4
after painting.
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19 Field-Wiring Connections

19.1

Permanently connected motors

19.1.1 Connection for conduit

19.1.1.1
directly or through a terminal

19.1.1.2

(I, ) Each motor shall have provision for connection to threaded rigid metal conduit, either

box.

(I, 1) Threaded conduit entries shall be of the modified National Standard Pipe Taper (NPT)

thread, with thread form per Annex A, item 13. Additionally:

a) The taper shall be

b) If an integral bush
an enclosure for Clag
there are a minimum

19.1.1.3
must be provided with:

a) A minimum of 5 fu

b) A minimum of 3-1/

19.1.1.4 (I, ) Conduit entr
+3-1/2 turns beyond the L1 g

19.1.1.5 (I, Il) All male NP7
in accordance with Annex

interruption and shall gauge

19.1.1.6 (I, Il) If an integrg

1 mm per 16 mm (3/4 inch per foot); and

ng (historically known as a conduit stop) is provided in the conduit opening of
s |, Group C or D locations, or both, NPS straight threads shall be pérmitted if]
of 5 full threads.

(I, 1) Conduit entties shall not be smaller than trade size 1/2, nor larger than‘trade size 6; and

| threads for Class | locations; and

P full threads for Class Il locations.

es shall conform to Annex A, item 13, except that entries shall gauge flush to
auging notch, in lieu of the minus 1 to 3 turns.

[ threaded fittings shall have a threaded length not less than the L4 dimension
A, item 13 from the end of ithe fitting to the face of a shoulder or to an
1 turn of the ring gauge frofybeing flush with the end of the thread.

| bushing (historically_ known as conduit stop) is provided, it shall be smooth

and well-rounded, having a throat or inner diameter as specified in Table 37.

19.1.1.7 (1, Il) An attached
of the corresponding trade-

conduit hub.shall have a wall thickness, before threading, of not less than that
bize conduit-The hub shall not depend upon friction alone to prevent it from

turning, and shall withstand {he torque’specified in the Secureness Test on Conduit Hubs of Clause 40.

19.1.1.8 (I, II) A terminal

ox_provided as part of the motor shall be acceptable for use in at least the

same hazardous location Classes and Groups marked on the motor.

19.1.1.9 (I, Il) A terminal box that encloses fixed motor terminals for field connection to the power-supply
circuit shall be of sufficient size to provide spacings as specified in Table 24, and a useable volume of not
less than that specified in Table 15.

19.1.1.10 (I, Il) A terminal box that encloses wire-to-wire connections to the power-supply circuit to be
made in the field shall have a dimension of opening in the cover and a usable volume of not less than that
specified in Table 16 — Table 19.

19.1.1.11 (1) A conduit nipple used for enclosing the wiring leads shall fully engage at least 5 threads in
the motor enclosure and shall be secured against turning, or it may be secured to the motor enclosure by a
solid and continuous weld. The outer end of the nipple shall have a sufficient number of threads to engage
at least 5 full threads.
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19.1.1.12 (I) For a bolted-on box, the joint between the body of the box and the motor shall comply with
the requirements in 11.1.9 and 11.2.3.1 — 11.2.3.2.

Note: The thickness of the box body flange may be less than the 9.5 mm (3/8 inch) as required for a 9.5 mm (3/8 inch) wide joint.

19.1.1.13 (I) A terminal box attached to the motor enclosure by a conduit nipple shall engage at least 5
full threads with the nipple.

19.1.1.14 (I) The dimensions of the metal-to-metal joint of a 12.7 mm (1/2 inch) conduit size swivel type
conduit fitting shall be as specified in Table 20.

19.1.1.15 (Il) A conduit nipple used for enclosing the wiring leads shall fully engage at least 3-1/2 threads
in the motor enclosure and}/shall be secured against turning, or it may be secured to the motor enclosure

by a solid and continuous Weld. The outer end of the nipple shall have a sufficient number of threads, q
engage at least 3-1/2 full thieads.

19.1.1.16 (Il) For a bolted
the requirements in 11.1.9 4

on box, the joint between the body of the box and the motor shall-comply with
nd 11.4.2 - 11.4.3.3.

19.1.1.17 (Il) A terminal b
1/2 full threads with the nipp

bx attached to the motor enclosure by a conduit nipple shall engage at least 3
le.

19.1.1.18 (ll) The dimensi
conduit fitting shall be as sp|

bns of the metal-to-metal joints of a 12.7 mm (1/2\inch) conduit size swivel typg
ecified in Table 21.

19.2 Field wiring leads

19.2.1 (I, ) The requirenments in 19.2 apply to wiring leads used to make connections in the field. A

wiring lead includes a led
resistance temperature detg
19.2.2 (I, Il) A wiring lead §

19.2.3 (I, ) The insulatio
leads are subjected during ¢

19.2.4 (I) A submersible s

d connected to an auxiliary 'device, but does not include thermocouple
ctor (RTD), thermistor, resolver, or encoder leads.

bhall not be smaller thah.0.82 mm? (18 AWG).

n of wiring leads,shall be rated for the maximum temperatures to which thg
peration of the motor at rated load.

bwage-pump motor having provision for connection to conduit shall have field

wiring leads at least 3.2 m (] 0 feet, 6 inches) long.

19.2.5 (I) Wiring leads for motors with fractional horsepower ratings shall be Type TW oil- and gasoline-
resistance wire, 90 °C (194 °F) neoprene-insulated wire, or wire with insulation having equivalent
resistance to gasoline vapor.

19.2.6 () Wiring leads of an integral horsepower frame size motor having a fractional horsepower rating
are not required to be of a gasoline-resistance type if the motor is permanently marked: "Not suitable for
gasoline dispensing pumps."

19.2.7 () For a submersible sewage pump motor, the wiring leads are not required to be oil- and
gasoline-resistant.

19.2.8 (I) For a submersible sewage pump motor, individual wiring leads or the jacket of a cord, when
used, shall be resistant to water. Thermoplastic material is considered to comply with this requirement.
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19.2.9 (l) The ampacity of wiring leads shall not be less than the maximum rated current of the motor.

19.2.10 (I) Wiring leads connected to an auxiliary device shall have an ampacity acceptable for the
current they are intended to carry in accordance with Annex A, item 1, but shall not be smaller than
specified in 19.2.2.

19.2.11 (l) Wiring leads passing through an external air chamber of a totally-enclosed, fan-cooled motor
shall be enclosed and protected by an integrally cast, explosion-proof passage way, by rigid metal conduit,
or the equivalent.

19.2.12 (l) Wiring leads for an auxiliary device shall be insulated for the highest voltage within the
terminal box.

19.2.13 () Wiring leads shgll be sealed where they pass into the motor case. A sealing compound-shall
be one that will form a tight flt, and that will neither soften nor crack under intended operation at ratéd load.
A sealing compound shall nqt flow or creep at the operating temperature of the motor. A sealing.compound
that softens upon the appligation of heat shall have a softening point of not less than 93 °C(200 °F) for|
motors having Class A insulption, and 113 °C (236 °F) for motors having Class B insulation, Wiring leads
of a Class F or a Class H ingulated motor shall be sealed with a setting-type compound.*Refer to Sealing
Compounds Test in Clause 49.

19.2.14 (I) A determination of the softening point of a sealing compound shall be made in accordance

with the Test specified in An

19.2.15 (l) For a motor ha
not be less than 12.7 mm (1
in®), the depth of the seal s
joints not exceeding 560 mm

19.2.16 (I) For a motor hav

ex A, ltem 16.

ing a free internal volume of 1000 cm?® (64in®)or less, the depth of seal shall
2 inch). For a motor having a free internal'volume of more than 1000 cm? (61
hall not be less than 16 mm (5/8 inch) if the motor has frame-to-end-shield
(22 inches) in internal length (circumference).

ing a free internal volume ofMmore than 1000 cm? (61 in®), and a frame-to-end-

shield joints exceeding 560 mm (22 inches) in internallength (circumference), the depth of seal shall be as

specified in Figure 6, but it S
on the compound, the size
sealing compound might be

19.2.17 (I) For a nipple us
volume of more than 1000 ¢
nipple, but not less than 16
wires, a greater depth of seg

hall not be less than the outside diameter of the largest lead wire. Depending
of lead wires, and.the construction of the sealing well, a greater depth of
hecessary to form a tight seal.

bd to retajn the lead wire sealing compound of a motor having a free internal
m3 (61 in°); the depth of seal shall not be less than the internal diameter of the
mm«5/8 inch) deep. Depending on the compound and the size of the lead
ling:.compound might be necessary to form a tight seal.

19.2.18 (I) Means shall be
wire seal shall withstand a
10.4).

19.2.19
than the internal diameter of

19.2.20

19.2.21 (Il) Wiring leads

provided in the nipple to anchor the sealing compound. The completed lead
hydrostatic test pressure of 4 times the applicable explosion pressure (see

(I) The depth of a factory-installed seal anchored by mechanical means in a nipple may be less

the nipple, but not less than 16 mm (5/8 inch).

(I1) The ampacity of wiring leads shall not be less than the maximum rated current of the motor.

connected to an auxiliary device (see 19.2.10) shall have an ampacity

acceptable for the current they are intended to carry in accordance with Annex A, item 1, but shall not be
smaller than specified in 19.2.2.
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19.2.22

(I Wiring leads passing through an external air chamber of a totally-enclosed, fan-cooled motor

shall be enclosed and protected by an integrally cast, dust-ignition-proof passage way, by rigid metal

conduit, or the equivalent.

19.2.23

(I Wiring leads shall terminate in a terminal box that is integral with, or supplied with and

attached to, the motor. The terminal box shall be acceptable for use in the same hazardous location
Classes and Groups as the motor.

19.2.24

19.2.13 -19.2.14, and 19.2.

(1) A terminal box need not be provided if the lead wire seal complies with the requirements in

25-19.2.28.

19.2.25

(I For a motor having a shaft height of not more than 140 mm (5-1/2 inches), the depth of the

seal shall not be less than 1
1/2 inches), the depth of th
diameter of the largest wirin

19.2.26 (Il) For a nipple ug
the inside diameter of the ni

19.2.27
be less than the inside dian
found to provide the require

19.2.28 (Il) Depending on
depth of sealing compound
seal.

19.2.29 (Il) For a seal, prg
—19.2.24, the seal need not

19.3 Equipment groundi

19.3.1
in the box. The terminal s
located so that connection
same box used to enclose t

19.3.2
means for attachment to th

(I) The depth of the sealing compound in a nipple of 19 mm (3/4 inch) trade-size and larger may

(1, 1) A motor providled with a terminal-box shall be provided with an equipment grounding termina

(I, 1) Where a terminal™box has more than one assembly screw, stud, or equivalent securing

1 mm (7/16 inch). For a motor having a shaft height of more than 140 mm¢(5
e seal shall not be less than 16 mm (5/8 inch), or not less than the quitsidg
p lead, which ever is greater.

ed to retain the sealing compound, the depth of the seal shall notbe less thar
pple, or not less than 16 mm (5/8 inch), whichever is greater.
eter of the nipple, but not less than 16 mm (5/8 inch)if,‘upon investigation, it ig

d sealing for the application.

the compound, the size of the wires, and the construction of the sealing well, &
greater than specified in 19.2.25 — 19.2.26-might be necessary to form a tigh

vided in addition to a terminal box"complying with the requirements in 19.2.23
comply with the requirements in:49.2.25 — 19.2.28.

ng terminals and leads

nall be provided for wire-to-wire or fixed terminal connections, and shall bg
to a field-installed equipment grounding conductor can be made within thg
ne power-supply connections.

conductor securing means.
supplied to ensure the integ

19.3.3
a nut and bolt combination,

a) The means is not

e.motor frame, one of these screws may be suitable for use as the grounding

ifomeof the—assembly screws or studsisso used;,a grounding tugshattbe
rity of the joint.

(I, I A means for attaching a terminal for a grounding conductor, such as a screw, a tapped hole,

or the like, may be used provided:

likely to be removed during servicing; and

b) The means is located so that the addition of a terminal will not reduce electrical spacings in the
terminal box to a value less than the applicable value in Table 24.

19.3.4

(I, ) Motors not supplied with a terminal box and having provision for connection to the power-

supply by leads shall have a grounding lead provided as an integral part of the motor. The grounding lead

shall be properly bonded to

the frame of the motor and shall be brought out external to the motor through a
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sealed opening. This will allow the lead to be suitably enclosed and terminated by acceptable means
inside a field-installed terminal box suitable for the location.

19.3.5 (I, II) An equipment grounding lead terminal, or stud, shall be bolted, welded, or otherwise
securely bonded to the motor frame or supply connection box. The connection of the equipment grounding
lead, terminal, or stud shall not rely upon solder, and shall be located so that it is unlikely to be disturbed
during inspection of splices or routine servicing of the motor.

19.3.6 (I, Il) An equipment grounding lead shall not be smaller than the equipment grounding conductor
to be installed in accordance with Annex A, item 1.

19.3.7 (I, II) An equipment _grounding terminal shall be capable of securing a conductor of the size
required for the particular application in accordance with Annex A, item 1.

19.3.8 (I, Il) The surface of an insulated lead intended for the connection of a field-installed equipment
grounding conductor shall be green with or without one or more yellow stripes, and no other lead’shall be
so identified.

19.3.9 (I, I) An insulated |grounding conductor larger than 13.3 mm? (6 AWG) may ‘be identified by
marking the exposed insulatjon with green tape or green adhesive labels.

19.3.10 (I, Il) 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. A pressure wire connector or stud
intended for connection of quch a conductor shall be plainly identified, such as being marked "G", "GR",
"GND", "GROUND", "GROUNDING", or the like, or by a marking onca-wiring diagram provided on the
motor. The grounding symbol illustrated in Figure 5 may be used as”an identifying means; but, if used
alone, the symbol shall be défined in the installation instructions.provided with the motor.

19.3.11 (I, ) An equipment grounding stud intended to sécure a field-installed pressure wire connector
shall be provided with a nut|to secure the connector. Thetstud shall be prevented from turning when the
nut is tightened.

20 Cord-Connected Motdrs

20.1 General
20.1.1 (1, Il) A portable mofor shall be cord-connected. A submersible sewage-pump motor may be cord-

connected. A submersible gord-Connected sewage-pump motor may also be provided with an auxiliary
flexible cord for control and monitor circuits.

20.1.2 (I, ) A cord-connected motor shall employ extra hard usage flexible cord with a grounding
conductor in accordance with Annex A, item 1 and shall be constructed to permit replacement of the
flexible cord.

20.1.3 (I, Il) The enclosure that contains the connections between the flexible cord conductors and the
motor terminals or leads shall comply with the requirements in 20.2.1 — 20.2.4 for Class | motors or 20.2.1
—20.2.3 and 20.2.5 for Class Il motors.

20.1.4 (I, Il) The construction of the terminal enclosure shall be such that the temperature rise on the
insulation and jacket of the cord does not exceed 35 °C (63 °F) when the motor is operated under full-load
conditions.
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20.1.5 (I, ) Itis permissible for the rise to exceed 35 °C (63 °F) on the insulation and jacket of the cord if
the cord used is rated more than 60 °C (140 °F) and if the portion of cord having a rise exceeding 35 °C
(63 °F) is within an enclosure.

20.1.6 (1, I) If a power-supply cord is provided, the surface of the insulation of the equipment grounding
conductor of the power-supply cord shall be green with or without one or more yellow stripes and no other
conductor shall be so identified. The equipment grounding conductor shall be connected to the grounding
terminal of the motor by means other than solder.

20.1.7 (I, I) If provided, the attachment plug shall be of the grounding type, acceptable for use in the
same hazardous location Classes and Groups as the motor, and connected to the cord as intended.

20.1.8 (I, ) For a portabl
with instructions as requireg

b motor, the power-supply cord need not be provided if the motor is provideg
by 52.11.

20.2 Terminal enclosure

20.2.1 (I, I) The terminals|for connection of the conductors of a flexible cord or cable shall.be completely
enclosed.
20.2.2 (1, Il) If each terminjal is of a type that provides a creepage and clearance spacing in accordancs

with Table 22, is insulated,
the explosion-proof or dust
Enclosure of Clause 11 nee

20.2.3 (I, II) The entrance
bushing, or other suitable
Bushings of Clause 42.

20.24
20.2.5 (Il) Terminal enclos
20.3 Conductor seal

20.3.1 (I, Il) A cord-conneg

cable sealed where they
conductors and the motor tg

(I) Terminal enclosyres not complying with 20.2¢2'shall be explosion-proof.

and confines all strands of the conductor, the terminals shall be enclosed, bu
ignition proof construction specified in Enclosures of Clause 10 and Joints ir
H not be provided.

for the power-supply cord shall be closed with a molded-rubber, -neopreng
means, complying with the requirements in Accelerated Aging Tests or

ures not complying with 20.2.2 shall be dust-ignition-proof.

cted motor,-and a submersible sewage-pump motor, shall have the cord o
enter «the’ enclosure housing the connections between the cord or cablg
rminals or leads. The seal shall comply with the requirements in 19.2.13.

20.3.2 (I) The sealing mat
resins are considered to be

20.4 Packing gland

20.4.1

erial for a submersible sewage-pump motor shall be resistant to water. Epoxy
resistant to water.

(I, ) A packing gland (stuffing box) shall be provided at the cord entrance to a terminal enclosure

that is constructed as described in 20.2.2.

20.4.2

(I, 1) The packing material for the gland shall be polytetrafluoroethylene packing material having a

diameter or thickness of not less than 2.4 mm (3/32 inch), or a material having similar characteristics.
There shall be a sufficient amount of packing material to completely surround the cord and provide a
tightly compressed seal when the packing gland is assembled. The depth of tightly compressed seal shall
be at least 16 mm (5/8 inch). The construction and amount of packing shall be such that with the packing
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properly compressed, the compression nut still has a travel distance of at least 3.2 mm (1/8 inch) without
interfering with parts other than packing material.

20.4.3 (I, ) The compression nut shall be mechanically secured against loosening by means of a
setscrew or the equivalent.

20.4.4 (1, ) The diametrical clearance between the outer jacket of the power-supply cord and the
surrounding cavity for packing material shall not exceed 3 times the diameter of the packing material. At
each end of the cavity for the packing material, the diametrical clearance between the opening in the gland

parts and the outer jacket of

the cord shall not exceed:

a) 1.6 mm (1/16 inch) for packing material less than 6.4 mm (1/4 inch) diameter, or

b) 4.8 mm (3/16 inch

20.4.5 (I, Il) All metal surfa
smooth and shall have roung

20.4.6 (I, ) Ifit is necess3
cord, instructions shall be pr
to the motor. See 52.10.

20.5 Strain relief

20.5.1 (I, II) A positive mec

a) Permits the power

for packing material 6.4 mm (1/4 inch) diameter or larger.

ces of the packing gland and terminal enclosure adjacent to the cord shall be
ed edges.

ry to disassemble a packing gland to permit replacement of\the power-supply
bvided with each motor describing the intended assembly ofthe packing gland

hanical cord clamp shall be provided that:

supply cord to be readily replaced; and

b) Prevents stress aft the cord connections within the terminal enclosure when subjected to the

Cord-Pull Test of Cla
If the cord clamp is threaded
against turning or loosening
from sharp edges that could

20.5.2 (I, 1) The cord clam

20.5.3 (I) For a submersib
used in lieu of a cord clamy

Ise 43.

to the terminal enclosure, it shall form a tight engagement or shall be secured
by means of a setscrew or the equivalent. The clamp shall be smooth and free
damage the jacketofthe flexible cord.

b shall be in_addition to the packing gland, or bushing.

e sewage-pump motor, the cord-conductor seal described in 20.3.1 may be
if it prevents strain on the connections when tested in accordance with the

Cord-Pull Test of Clause 43.

20.6 Bonding for grounding

20.6.1 (I, ) All dead meta

| parts of a portable motor shall be electrically bonded to the terminal for the

connection of the grounding conductor of the power-supply cord. See Electrical-Resistance Test of Clause
41.

20.6.2 (I, Il) Dead metal parts that are not likely to become energized, such as a nameplate, need not be
bonded if an investigation shows that accumulation of static electricity will not cause ignition of flammable
or combustible materials classified as specified in Annex A, item 1, for the Classes and Groups involved.
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20.7 Equipment grounding

20.7.1 (I, Il) The terminal for the connection of an equipment grounding conductor shall have a
permanent identification that is readily recognizable during installation and that is one of the following:

a) A terminal screw that is not removable and has a green-colored head that is hexagonal, slotted,
or both;

b) A hexagonal green-colored nut that is not removable from a threaded terminal stud;

c) A visible pressure wire connector having a green-colored body or appendage that is not
removable from the connector;

d) The grounding symbol illustrated in Figure 5, also see 20.7.3; or

e) A concealed press$ure wire connector identified in accordance with 20.7.2.

20.7.2 (I, Il) For a presspre wire connector at the equipment grounding terminal locatéd ‘within thg
insulating body and not readily visible, the wire-entrance hole for a connection to that terminal shall bq
identified by one of the following:

a) A distinct green-cplored area immediately adjacent to the wire-entrance hole;

b) The letter or word "G", "GR", "GND", “GROUND", "GROUNDING"{ or "GREEN", distinctively
marked immediately| adjacent to the wire-entrance hole in letters notless than 1.6 mm (1/16 inch
high; or

¢) The grounding symbol illustrated in Figure 5 marked adjacent to the wire entrance hole, also ses
20.7.3.

20.7.3 (I, ) If the symbol[mentioned in 20.7.1 and 20.7.2.is used alone, the symbol shall be defined ir
the installation instructions provided with the motor.

20.7.4 (1, I) A readily remgvable — not staked ar otherwise held captive — part of an equipment grounding
terminal, such as a setscrey or a clamping member, shall not be colored green or otherwise identified as
part of the grounding terminal if such part may be interchanged with a similar part of another terminal or]
the device.

20.7.5 (I, I) The grounding member ‘of the attachment plug and the grounding conductor of the power:
supply cord and dead metal parts-of a portable motor required to be bonded in accordance with 20.6.1
shall be electrically connectgd asdetermined by test.

20.8 Attachment of threaded parts

20.8.1 (I, ) Threaded parts forming explosion-proof or dust-ignition-proof joints in a terminal enclosure
shall be secured against loosening by means of a setscrew or the equivalent located outside of the
required threaded joint.

21 Assemblies of Equipment

211 General

21.1.1 (I, ll) Electrical equipment, such as a generator, electric brake, tachometer, or a bearing

thermostat, attached to an electric motor shall be suitable for at least the same hazardous location Class,
Group, Division, and a suitable Temperature Class as the motor.
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21.2 Electric brake

21.21

(I, 1) For an electric brake marked to specify that the brake shall be mounted to the motor at the

motor manufacturer's factory, the assembly to the motor shall comply with the requirements for joints in the

enclosure and shaft opening

s in this standard.

22 External Fans and Fan Guards

22.1 Materials

2211
not over Rockwell B66.

(I, Iy An external metallic fan shall be constructed of medium brass or aluminum, with a hardness

22.1.2 (I, ) An external npn-metallic fan or guard shall be subjected to the Non-Metallic Fans and\Fan

Guards Tests of Clause 47.
22.2 Fan-cooled motor

22.2.1 (I, ll) Unless the fa
22.2.3 that protects against
or shaft, it shall be marked a

22.2.2 (I, ) For the purpd
openings giving direct acce
screens, grills, expanded mg

22.2.3 (I, Il) Except as not
motor shall not permit the p
that shown in Figure 7 shall

22.2.4 (I, 1) An opening in
19 mm (3/4 inch) wide, but

h of a fan-cooled motor is provided with a guard as specified in 22.2.2 and
Iinintentional contact with blades, spokes, or other irregular'surfaces of the fan
5 specified in 52.13.

se of these requirements, a guarded, fan-cogled motor is one in which all
5s to the fan are limited in size by the design of the structural parts, or by
tal, and the like.

bd in 22.2.4, an opening in a guard of-an opening between the guard and the
Assage of a cylindrical rod 19 mm (0.75 inch) diameter, and a probe such as
not contact the blades, spokes, or other irregular surfaces of the fan.

@ guard or an opening between the guard and the motor may be greater than
not greater than 38 mm-(1-1/2 inch) wide, if the width is not more than 1/8 of

the distance to the nearest moving part other than*a smooth shaft.

23 Gasoline Submersibld Motors

23.1 General

23.1.1 (I) A gasoline subm

prsible motor shall comply with all the requirements given for motors for Class

I, Group D locations in this standard.

23.2 Lubrication

23.2.1

(I) For a gasoline submersible motor lubricated by the surrounding product, the end turns of the

windings shall be protected with potting compound or shall be sealed from the product.

23.3 Mechanical seal

23.3.1
Clause 46, shall be provided

(I) A mechanical seal construction conforming to the requirements in the Gasoline-Leakage Test,

at the lead-wire outlet, in addition to the lead seal requirements for motors for

Class | locations given in this standard.
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24 Leakage Detectors

241 Submersible sewage-pump motor

24.1.1 (I) A submersible sewage-pump motor shall be provided with a means of detecting the entrance
of water into the enclosure. Instructions for making connections to the leakage-detection circuit shall be

provided. There shall be a ready means for periodically testing the operation of the complete circuit,
including the wiring to the leakage detectors inside the motor.

24.2 Cord-connected submersible sewage-pump motor

2421 () A cord-connec
conductor in the flexible c
conditions are met:

d submersible sewage-pump maotor may utilize the equipment grounding
brd as a return path for the leakage-detection circuit, if all of the following

a) The leakage-detettion circuit is supplied by an isolating transformer;

b) The leakage-deteftion open-circuit voltage is 30 V rms, 60 V peak, 60 V dc or less;

c¢) The circuit currenfis 0.5 milliampere or less; and

d) The motor is pe
leakage-detection ¢
circuit.

rmanently marked with the open-circuit voltage and,‘current ratings of thg
rcuit, and with an indication that the circuit must¢be an isolated-secondary

25 Maximum External Syrface Temperatures

25.1 (I, Il) During the normnal and overload operating temperature tests, the exterior surface of a moto

shall not exceed the marke
(o) of 52.1.

25.2 (1) The marked opers
an ambient of 40 °C (104 °
temperature obtained unde

d operating temperature or temperature class (T-code) in Table 41. See lten

ting temperature or temperature class (T-code) shall be based on operation ir]
F) or higher marked ambient temperature, and on the highest external surface
r all operating conditions, including full-load, overload, single-phasing, ang

locked-rotor operation.

25.3 (Ill) When operated ynder full4oad and under all operating conditions, including overload, single
phasing, and locked-rotor operation, a motor shall not attain a temperature on any external surface highe
than that specified in Table 23.

25.4 (Il) The marked operating temperature or temperature class (T-code) shall be based on operafion in
an ambient of 40 °C (104 °F) or higher marked ambient temperature, and on the highest external surface
temperature obtained under all operating conditions with dry or moist dust blanket, including normal full-
load, overload, single-phasing, and locked-rotor operation.

25.5 (I, Il) For an electric motor intended and marked for use where Class | and Class Il conditions exist
simultaneously, the marked operating temperature or temperature class (T-code) shall be based on
temperatures attained when tested with dust. See 25.3 and 25.4.

26 Devices for Limiting External Surfaces Temperatures

26.1 (I, Il) A temperature-limiting device shall be of the type that opens the motor circuit directly, or is
connected to operate the controller in the motor circuit. See 52.15.
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26.2 (I, II) A motor with an inherent overheating-protective device and marked "Thermally Protected”
shall comply with Annex A, item 4 and for Class Il the requirements of 26.5.

26.3 (I, Il) For a replaceable thermal cut-off intended to prevent overheating of the external surface of the
motor enclosure, the cut-off shall not be impaired by aging and shall open the motor circuit under the
conditions described in the 72-Hour Locked Rotor Test in 32.6 and in the Arc-Rupturing Test for Thermal
Cut-off Device in D.C. Motor Circuit in 39.1. A thermal cut-off complying with Annex A, Item 11 is not
considered to be impaired by aging.

26.4 (I, ) A motor may be provided with a temperature-limiting device within the motor enclosure to limit
external temperatures. The temperature-limiting device shall not open under full-load (or at service factor)
operating conditions within its time rating, operating in air.

26.5 (IlI) A motor that may xceed the maximum temperatures specified in 25.3 shall be provided with.a
temperature-limiting device [within the motor enclosure. The temperature-limiting device shall prevent
external surface temperaturg¢s from exceeding the temperature specified in Table 23 when operated in the
Dust-Penetration Test — Clags Il Locations of Clause 35, and the temperature with Dry-Dust Blanket Test —|
Class Il Locations in 32.9 or with Moist-Dust Blanket Test — Group G locations in 32.10.

27 Spacings
27.1 Motors rated 1500 volts or less

27.1.1 (I, I) The spacing hetween field-wiring terminals of opposite polarity and between a field-wiring
terminal and any other uninsulated metal part (dead or live) not always:‘of the same polarity shall not be
less than that specified in Taple 24 and Table 25. See also 27.1.6 and 27.1.8.

27.1.2 (1, Il) For an isolated dead metal part interposed between or in close proximity to:
a) Live parts of oppogite polarity;
b) A live part and an éxposed dead metal part;-or

c) Alive part and a dg¢ad metal part thatmay be grounded;

the spacing may be not less|than 1.2 mm(3/64 inch) between the isolated dead metal part and any one of
the other parts previously mentioned, ifthe total spacing between the isolated dead metal part and the two
other parts is not less than t{he value_specified in Table 24 or Table 25, whichever is applicable. See also
27.1.6 and 27.1.8.

27.1.3 (I, II) At terminal screws and studs to which connection may be made in the field by means of
pressure wire connectors, soldering lugs, and the like, the spacings shall not be less than those specified
in Table 24 when the connectors, lugs, and the like are in such position that minimum spacings (opposite
polarity and to dead metal) exist when the terminals are turned 30° toward each other, or toward other
uninsulated parts of opposite polarity or toward grounded metal parts. See also 27.1.7 and 27.1.9.

27.1.4 (I, II) A wiring terminal is considered to be a terminal to which a wire may be connected in the
field, unless the wire and a means of making the connection (a pressure terminal connector, soldering lug,
solder loop, crimped eyelet, and the like) are factory-assembled and provided as a part of the motor. See
27.1.7 and 27.1.9.

27.1.5 (I, ) Other than at field-wiring terminals, the spacing between uninsulated live parts of opposite
polarity and between uninsulated live parts and a dead metal part that is exposed to contact by persons or
that may be grounded shall not be less than the value specified in Table 25. See also 27.1.7 and 27.1.9. If
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an uninsulated live part is not rigidly fixed in position by means other than friction between surfaces or if a
movable dead metal part is in proximity to an uninsulated live part, the construction shall be such that the
required minimum spacing will be maintained.

27.1.6 (I, ) A capacitor that employs an internal interrupter to protect against expulsion of a flammable
dielectric in the event of rupture of the enclosure shall have additional through-air expansion spacings in
the axial direction to allow for movement of the terminals. The additional expansion spacing shall be at
least 12.7 mm (1/2 inch) through air in addition to the applicable electrical spacings specified in Table 27.

27.1.7 (I, ) The spacing requirements in 27.1.1 — 27.1.5 do not apply to the inherent spacings of a
component of the motor, such as a temperature-limiting device or a snap switch. Such spacings are
judged on the basis of the requirements for the component in question. The spacing requirements in these

paragraphs do apply betwsg
repulsion-induction motor, (¢
the commutator, the brush
conductor of the rotor circy
appropriate spacing is requi

27.1.8 (I, Il) The spacings
the motor enclosure shall ng

27.1.9 (I, ) Aninsulating
of, the spacings specified in

27.1.10
and a grounded dead met3
polarity, shall be of materig
than 0.71 mm (0.028 inch) t

Note: (I, Il) Fiber having a thicknes
and an uninsulated metal part elg
temperature of more than 90 °C (1

27111 (1, Il) Barriers as
insulation system.

27.1.12 (I, II) An insulating
through air shall not be less
shall not be less than 0.8 1

(I, I1) An insulating barrier or liner used as the sole separatien“between an uninsulated live pari

en a component live part and adjacent metal parts. For a repulsion motof;,
r a repulsion-start-induction motor, the spacing requirements do not apply,ta
assembly, and the jumpers that short-circuit the brushes. Any uninsulateq
it is regarded as a dead metal part with respect to the stator circuit,. and thg
red between uninsulated stator and rotor conductors.

between parts of the motor and a temperature-limiting device’mounted withir]
t be less than that specified in Table 28. See 27.1.9.

barrier, as described in 27.1.10 — 27.1.13, may be ptovided as part of, or in liel
27.1.1-27.1.5and 27.1.7.

| part, including the enclosure, or between uninsulated live parts of opposite
that is acceptable for the mounting-0f uninsulated live parts and is not less
hick.

5 of not less than 0.71 mm (0.028 inch).may be used as the sole separation between the enclosurg
ctrically connected to a groundéd-circuit conductor, if the fiber is not exposed to an operating
D4 °F).

referred to in 27139 do not pertain to slot liners or slot cells in the moto
barrier of liner used in addition to an air space in lieu of the required spacing

than 071 mm (0.028 inch) thick. If the barrier or liner is of fiber, the air spacg
hm (1432 inch), and if the barrier or liner is of material not acceptable for thg

mounting of uninsulated live

parts, the air space provided shall be adequate for the application.

27.1.13 (I, II) A barrier or

a liner used in addition to not less than one-half the required spacing through

air may be less than 0.71 mm (0.028 inch) thick, but not less than 0.33 (0.013 inch) thick, if the barrier or

liner is of material that is:

a) Acceptable for the mounting of uninsulated live parts;

b) Of adequate mechanical strength if exposed or otherwise subject to mechanical damage;

c¢) Reliably held in place; and

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

27.1.14 (1, ll) Insulating m

aterial having a thickness less than that specified in 27.1.10 and 27.1.12 may

be used if it has equivalent properties.
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27.2 Motors rated more than 1500 volts

27.2.1 (1, 1) In a motor rat

ed more than 1500 V, there shall be no uninsulated live parts with spacings

less than those given in Table 26.

28 Test Voltages and Test Conditions

281

(I, 1) The performance of a motor shall be investigated by subjecting representative samples to all

the applicable tests described in Variable-Frequency Inverter-Drive Motors of Clause 30 and Temperature
Tests — General of Clause 31.

28.2 (I, I) Except as note
the motor shall be mounted
dynamometer, or other loa
service factor load based on

28.3 (I, Il) When an integra
may be conducted using ad

a) Is capable of starti

b) Maintains the sug
operated as describe

¢) Under locked-roto
current of the motor 4

n the intended operating position, when possible, and coupled to a generato_r,
ing equipment, and operated at rated frequency and at full rated loadl.or
the voltage specified in Table 29.

| horsepower d-c motor is tested as described in 32.10.3 — 32.10.6) such tests
¢ power supply that:

hg the motor under full load, with starting equipment, if ne¢essary;

ply voltage specified in Table 29 at the motor terminals when the motor is
d in 28.4; and

conditions, maintains an armature current that is ten times the rated full-load
t a voltage that may be other than that specified in Table 29.

28.4 (I, ) With regard to t

e requirements in Normal Temperature Test in 32.1, rated load is considered

to exist when the motor is loaded to at least:

a) For a motor other
1) Rated hors

2) Marked fu
horsepower ¢

b) For a service-factd

1) Rated hors

han service-factor duty motar;
Bpower; or

Il load amperes(ifythe motor does not have a horsepower rating or the
an not be measured during testing;

r duty motor:

EpowWer times service factor; or

2) Marked ful
rating or the h

loaad amnarac timane camgina foantay f th A oAt~y A oot
TOaCt—ampP oS tmC S SCTHvVICCTaCto T tnCTTotoTGUC SOt

orsepower cannot be measured during testing; and

c) For a line of motors, as specified in (a) or (b), as applicable, or higher if necessary to attain rated
temperature rise on the windings when the motor is operated in air.

28.5
determined as follows:

(I, 1) For fan-duty and air-over motors with temperature-limiting devices full rated-load shall be

a) A fan-duty or air-over motor with a temperature-limiting device intended to limit external surface
temperatures shall be operated at full-rated voltage with no load.

b) If the temperature-

limiting device opens, the motor shall be operated at a reduced voltage with

no load until the point is found where the temperature-limiting device does not open. Ninety percent
of the measured current value shall be considered the normal full-load condition for the

temperature tests.
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c) If the temperature-limiting device does not open when the motor is operated at full voltage with
no load, the load shall be increased gradually until the temperature protection opens. The trip
current shall be noted. The no-load current shall be compared to 90 % of the value of the trip
current. The higher of the two values shall be considered the normal full-load condition for the
temperature tests.

28.6 (I, Il) The tests described in Temperature Tests — General, Clause 31, may be conducted at any
ambient temperature in the range 10 °C — 40 °C (50 °F — 104 °F). Maximum surface temperatures
measured in a test conducted in an ambient less than 40 °C shall be increased by the amount of the
difference between the lower ambient and 40 °C. For ambients greater than 40 °C, the test ambient shall
not be less than the marked ambient minus 30 °C.

28.7 (I,I)IntheU.S.,am
ambient of 10 °C —40 °C (5

btor that is not provided with a temperature-limiting device shall be tested at.ar
D °F — 104 °F) or at rated ambient if higher than 40 °C.

28.8 (I, II) In the U.S., fo
conducted at 40 °C (104 °F

I a motor with a temperature-limiting device, the normal-load testsxshall be
or at a higher ambient if the motor is so rated.
29

Instrumentation — Temperature Measurements

29.1 (I, ) Temperatures s
external surface temperatur

hall be measured by thermocouples as necessary to-determine the maximunj
e

29.2 (I, Il) Thermocouples
other points where tempera

shall be located at various points on the outside of the motor enclosure and a
ure measurements are required.

30 Variable-Frequency Inverter-Drive Motors

30.1 (I, II) A motor inten
requirements in accordance

ded for use with variable-frequency inverter drives shall comply with the
with Annex A, item 9, and.in"this standard:

a) Throughout the marked frequency range; and

b) With each type of]
example, voltage-so
inverter (PWM).

30.2 (I, Il) Testing with ead

inverter with whichjthe manufacturer specifies that the motor can be used; fo
urce inverter (\Sl), current-source inverter (CSl), and pulse-width modulateq

h type ofinverter is not necessary if it can be determined that testing with ong

type of inverter is also representative of operation with another type or types of inverter.

31 Temperature Tests — General

31.1 (I, ) The temperature tests to which a motor shall be subjected depends upon whether a
temperature-limiting device is provided for the purpose of limiting the external surface temperatures and, if
provided, the type of temperature-limiting device as specified in Table 30. For an air-over or fan-duty motor
with a temperature-limiting device, also see 28.5.

31.2 (I, Il) When the machine is provided with a temperature-limiting device used for the purpose of
limiting the external surface temperature, the protective device shall not be defeated for the tests.

31.3 (I, ) A motor shall be subjected to the applicable tests described in 32.1 — 32.10 and shall not
exceed the limits specified in Maximum External Surface Temperature of Clause 25 during operation. This
maximum temperature shall also not be exceeded in the interval after the motor is disconnected from the
circuit, whether disconnected manually or by an integral temperature-limiting device, if provided.
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314
marked locked-rotor current

a) Rated higher than

(I, ) Single-phase operation may be omitted and locked-rotor operation may be conducted at

and time for a motor that is:

600 V;

b) Provided with a temperature-limiting device that limits external temperatures under a gradual

running overload con

dition; and

¢) Permanently marked in accordance with 52.21.

32 Temperature Tests on

32.1 Normal temperature

32.1.1
continuous-duty rated motor
service-factor load, if so m
operated at the voltage spe
the rated duty cycle until
operated at full-rated load of
be operated under locked-ro

32.2 Running-overload te

32.2.1 (I, Il) A motor that
circuit intended to limit the €
32.1, except the load shall b
duty motor shall be operate
trips; if the temperature stab
does trip.

32.3 Running-overload tq

32.3.1 (I, II) A motor that
operated as described in
gradually increased until bur|

32.4 Single-phasing test

Sinewave Power for Single Speed or Multi-Speed Motors

tost

(1, 1) The motor shall be connected to a generator, dynamometer, or other loading equipment” A

shall be operated at the voltage specified in Table 29 and at full-rated load or
brked, until thermal equilibrium occurs. An intermittent-duty motar“shall be
Cified in Table 29 at full-rated load or service-factor load, if so marked, and at
he maximum temperatures are attained. A short-time-duty \motor shall be
service-factor load, if so marked, for the rated duty-time. Actorque motor shall
tor conditions.

st

s provided with a temperature-limiting deviece 'in the motor circuit or control
xternal surface temperature shall be connected and operated as described in
e gradually increased until the temperature-limiting device trips. A short-time-
H at full rated load or service-factorlead until the temperature-limiting device
ilizes without the device tripping,-the load shall be gradually increased until it

burnout test

is not provided with*a temperature-limiting device shall be connected and

$2.1 until normal-toad temperatures are reached. The load shall then be

hout occurs_or.the temperature no longer increases.

32.4.1 (1, II) A multi-phase

motor that is provided with a temperature-limiting device in the motor circuit or,

control circuit intended for the purpose of limiting the external surface temperatures shall be connected
and operated as described in 32.1 until normal-load temperatures are reached. The motor shall then be
subjected to single-phasing operation until the temperature-limiting device opens or equilibrium
temperatures are attained. The single-phasing test shall be conducted three times using a different
combination of two or three phases for each test.

32.4.2 (I, ll) The single-phasing test need be performed only once using one combination of two of the
three leads if a 3-phase protector in the motor circuit is used.

32.5 Locked-rotor test

32.5.1 (I, I) A motor that is provided with a temperature-limiting device in the control circuit intended for
the purpose of limiting the external surface temperatures and which is not marked with a safe stall time
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shall be operated as described in 32.1 until normal-load temperatures are reached. The rotor of the motor
shall then be locked and the motor operated until:

a) The temperature-limiting device opens or the motor reaches thermal equilibrium.

32.5.2 (I, I) A rotor limited motor for which a safe stall time is specified by the manufacturer and marked
on the nameplate shall be operated as described in 32.1 until normal-load temperatures are reached. The
rotor of the motor shall then be locked and the motor operated until the safe stall time is reached or until
the temperature-limiting device trips, if the motor is provided with a device to limit the external surface

temperatures.

32.6 72-Hour locked-rotor test

32.6.1 (I, ) A motor that
the purpose of limiting the
normal-load temperatures

s provided with a temperature-limiting device in the motor circuit intended fo
external surface temperatures shall be operated as described in 32yt unti
pre reached. The rotor of the motor shall then be locked. A motar, with ar

automatically reset tempergture-limiting device shall be permitted to cycle on-and-off for 72 hours. A moto

with a manually reset temp
temperatures are reached,
provided with a thermal cu
being used for each test.

32.7 Locked-rotor endur,

32.7.1 (I, Il) = A motor th
connected to a power-supp

brature-limiting device shall be operated as rapidly as possible until maximun
or for a maximum of 10 cycles of operation, whichever oceurs first. A moto
-off shall be subjected to at least three locked-rotor tests with a new cut-off

Ance test

At is provided with a temperature-limiting device in the motor circuit shall be
y circuit of 100 — 110 % of the voltage specified in Table 29. The enclosure o

the motor shall be connected to ground through a 30-ampere cartridge fuse. The rotor of the motor shal

be locked and the motor op
limiting device is automatic

brated as described in 32.7.2 or 32.7:3 depending on whether the temperature
br manually operated.

32.7.2 (I, ) = A motor wi
days. There shall be no
insulation.

h an automatically reset-temperature-limiting device shall be operated for 15
bermanent damage to the motor, including excessive deterioration of the

32.7.3 (I, I) — An autom
before 15 days of operation

htically reset temperature-limiting device may permanently open the circui
if:

a) It is specifically infended\to_do so; and

b) Testing of three s
frame, damage to th

bmples show that it will do so consistently and without grounding to the moto
S TTTotoT, or evidence of any riskof fire:

32.7.4 (1, Il) — A manually reset temperature-limiting device shall open the motor circuit for 50 operations
without damage to the motor or itself. The temperature-limiting device shall reclose as quickly as it can be
made to do so after each opening of the circuit. There shall be no permanent damage to the motor,
including excessive deterioration of the insulation.

32.8 Airtest
32.8.1 (I, ) The motor shall be subjected to the tests in Table 30.

32.8.2 (I, I) When performing the Normal Temperature Test in 32.1, any temperature-limiting device
installed for the purpose of limiting surface temperatures provided with the motor shall not trip.
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32.9 Dry-dust blanket test

32.9.1 (Il) The motor shall be installed in a test chamber as described in 35.5 and operated under normal
load while exposed to the circulating dust/air atmospheres until the blanket of dust on the motor is
stabilized.

32.9.2 (Il) The motor shall then be subjected to the tests specified in Table 30.

32.9.3 (Il) When performing the Normal Temperature Test described in 32.1, the load for the test shall be

the same as that when tested in air. The test is concluded when either:

a) Thermal equilibrium occurs;

b) A temperature-li

temperature trips, prh

frame temperature d

and the test repeated;

¢) Burnout occurs if n

32.9.4 (Il) During tests, th
heat) and the temperature o
specified in Table 23.

32.9.5 (IlI) For a motor inte
locations, the tests shall bg
locations only, the tests shal

32.9.6 (Il) The tests with 1
when the motor is intended f

32.10 Moist-dust blanket

32.10.1  (II) A motor for ClIg
in Table 30 with the motor p
grain dust and 55 % water, b

32.10.2 (Il) The moisture-
depths attained in the Dry-D

iting device intended for the purpose of limiting the external surface
ided the difference between the rates of rise of the winding temperature and
bes not exceed 3 °C per hour at the time of trip, or the load shall be.reduced
or

0 temperature-limiting device is provided.

b dust in contact with the motor enclosure shall not 4gnite or discolor (from
f the exterior surface of the motor enclosure shall not exceed the temperature

hded for Class Il, Group F, Group G, Groups,F and G, or Groups E, F and G
conducted with grain dust. If the motor\is intended for Class Il, Group E
be conducted with magnesium or grain:dust.

noist-dust in 32.10 may be performed in lieu of testing with dry-dust, except
br Class Il, Group E locations only.

test — Group G locations

ss I, Group G locations shall be subjected to the Temperature Tests specified
acked with moisture-laden dust consisting of approximately 45 % finely-sifted
y weight.

aden dust shall be packed on the motor to the approximate accumulated
st Blanket Temperature Test in 32.9 and allowed to dry.

32.10.3 (IlI) To obtain maxi

mum external surface temperatures, a motor without a device for limiting the

external surface temperature shall be operated as described in 28.2, except that a d-c motor may be
operated as described in 28.3. The supply voltage shall be as specified in Table 29.

32.10.4 (Il) The motor shall then be subjected to the tests specified in Table 30.

32.10.5 (II) When performi

ng the Normal Temperature Test described in 32.1 the load for the test shall

be the same as that when tested in air. The test is concluded when either:

a) Thermal equilibrium occurs;

b) A temperature-limiting device intended for the purpose of limiting the external surface
temperature trips, provided the difference between the rates of rise of the winding temperature and
frame temperature does not exceed 3 °C per hour at the time of trip, or the load shall be reduced
and the test repeated; or
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c) Burnout occurs if no temperature-limiting device is provided.
32.10.6 (Il) The temperatures on the exterior surfaces of the motor shall not exceed 165 °C (329 °F)
under all operating conditions specified in Table 30. This maximum temperature shall not be exceeded in
the interval after the motor is disconnected from the circuit, whether disconnected manually or by an
integral temperature-limiting device, if provided.
32.10.7 (Il) The dust in contact with the motor shall not char or ignite during the test.
33 Temperature Tests for Variable-Frequency Inverter-Drive Motors

33.1 Normal temperature test

33.1.1 (I, Il) A continuous{duty rated motor shall be operated at the voltage specified in Table 29 and’a

full rated load or service-fao
motor, the motor shall be ¢
factor load, if so marked, a
time duty motor shall be op
time. A torque motor shall b

33.1.2 (I, Il) The test in 3]
each of the following freque

tor load, if so marked, until thermal equilibrium occurs. For an intermjttent-duty
perated at the voltage specified in Table 29 at the full-rated load\or*service
nd at the rated duty cycle until the maximum temperature is attaifed. A short
erated at full-rated load or service-factor load, if so marked, for.the rated-duty
b operated under locked-rotor conditions.

.1.1 shall be performed at rated load or service-factor‘load, if so marked, fo

hcies which is applicable to the markings for the motor:

a) The highest frequency for any marked variable torque range;

b) The lowest and highest frequency for any marked constant torque range;
c) The lowest and highest frequency for any marked constant horsepower range; and

d) Any other freque
speed profile.

ncy necessary to demonstrate ‘motor performance for other types of torque

33.2 Running-overload test

33.2.1 (I, Il) A motor that|is provided with ;a”temperature-limiting device in the motor circuit or contro
circuit intended to limit the ¢xternal surface temperature shall be connected and operated as described in
33.1.1 at each frequency |dentified(in:x33.1.2, except the load shall be gradually increased until thg
temperature-limiting device [trips. Alshort-time-duty motor shall be operated continually at full-rated load o
service-factor load, if so mgrked;until the temperature-limiting device trips; if the device does not trip, thg
load shall be gradually incrdased’until it does trip.

33.3 Running-overload to burnout test

33.3.1 (I, II) A motor that is not provided with a temperature-limiting device shall be connected and
operated as described in 33.1.1 at the lowest test frequency identified in 33.1.2 until normal-load
temperatures are reached. The load is then to be gradually increased until burnout occurs. The frequency
shall be increased if necessary to obtain overload conditions. The inverter must be of sufficient rating to
provide the motor overload requirement.

33.3.2 (I, Il) The test may be conducted using a 60 Hertz fixed frequency sinusoidal power supply, if the
device is so rated, with any external fan being removed, with the agreement of all concerned.
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33.4 Locked-rotor test

33.4.1 (1, ) If the motor is provided with a temperature-limiting device intended for the purpose of limiting
the external surface temperature, the motor is intended for use in a multi-motor drive system or for use
with an inverter of sufficient size to provide locked-rotor conditions, and the motor was not subjected
previously to the Locked-Rotor Test in 32.5, then the motor shall be tested under locked-rotor using a

Sinewave power source following the procedure in 32.5.

33.5 Airtest

33.5.1 (I, ) The motor sha

Il be subjected to the tests specified in Table 30.

33.5.2 (I, Il) When perforr
installed for the purpose of li

33.6 Dry-dust blanket tesit

33.6.1 (Il) The motor shall
load while exposed to the
stabilized.

33.6.2 (Il) The motor shall

33.6.3 (Il) When performin
the same as that when teste

ning the Normal Temperature Test in 33.1, any temperature-limiting device
miting surface temperatures provided with the motor shall not trip.

be installed in a test chamber as described in 35.5 and operated-Under normal
circulating dust/air atmospheres until the blanket of dust on the motor is

hen be subjected to the tests specified in Table 30.

j the Normal Temperature Test described in-33.1 the load for the test shall be
d in air. The test is concluded when either:

a) Thermal equilibriu

b) A temperature-li
temperature trips, pr
frame temperature d
and the test repeated

¢) Burnout occurs if n

33.6.4 (Il) During this test,
heat) and the temperature o
specified in Table 23.

OCCUrs;

iting device intended for the-purpose of limiting the external surface
vided the difference between!the rates of rise of the winding temperature and
pes not exceed 3 °C per-hour at the time of trip, or the load shall be reduced
; or

0 temperature-limiting device is provided.

the dust in«cantact with the motor enclosure shall not ignite or discolor (from
f the exterior surface of the motor enclosure shall not exceed the temperature

33.6.5 (Il) For a motor inte

hded for Class II. Group F. Group G, Groups F and G, or Groups E, F and G

locations, the tests shall be conducted with grain dust. If the motor is intended for Class Il, Group E
locations only, the tests shall be conducted with magnesium or grain dust.

33.6.6 (Il) The tests with moist-dust in 33.7 may be performed in lieu of testing with dry-dust, except
when the motor is intended for Class I, Group E locations only.

33.7 Moist-dust blanket test — Group G locations

33.7.1

(I1) A motor for Class Il, Group G locations shall be subjected to Temperature Tests with the motor

packed with moisture-laden dust consisting of approximately 45 % finely-sifted grain dust and 55 % water,

by weight.

33.7.2 (Il) The moisture-laden dust shall be packed on the motor to the approximate accumulated depths
attained in the Dry-Dust Blanket Temperature Test and allowed to dry.
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33.7.3 (Il) To obtain maximum external surface temperatures, a motor without a device for limiting the
external surface temperature shall be operated as described in 28.2. The supply voltage shall be as
described in Table 29.

33.7.4 (Il) The motor shall then be subjected to the tests specified in Table 30.

33.7.5 (Il) When performing the Normal Temperature Test described in 33.1 the load for the test is that
corresponding to the torque level for rated load when the motor was tested in air. The test is concluded
when either:

a) Thermal equilibrium occurs;

b) A temperature-l |||iti||g device—intended—for—the purpose of :illlitillg the—extermat—surfacy
temperature trips, prpvided the difference between the rates of rise of the winding temperature-ang
frame temperature does not exceed 3 °C per hour at the time of trip, or the load shall be réduceq
and the test repeated; or

¢) Burnout occurs if ho temperature-limiting device is provided.

33.7.6 (Il) The temperaturges on the exterior surfaces of the motor shall not exceed 165 °C (329 °F) unde
all operating conditions spegified in Table 30.

33.7.7 (ll) The dust in confact with the motor shall not char or ignite during thedest.
34 Dielectric-Voltage Withstand Test

34.1 (I, ) A motor shall withstand without breakdown the application of a voltage test potential betweer]
live parts and dead-metal parts. If the motor is equipped with an auxiliary device, such as a thermostat or &
heater, the auxiliary device kircuit shall also withstand without breakdown the application of a voltage tes
potential between live partsjand dead-metal parts.

34.2 (I, Il) The voltage tes{ potential values shall be.in accordance with Condition A of Table 40.

34.3 (I, ) The test equipment, the output(of 'which can be varied, shall have a voltmeter to measurg
directly the applied output pptential.

34.4 (I, II) The motor shallfbe at room ambient temperature or higher.

34.5 (I, II) The Dielectric |Voltage Withstand Test of the motor winding is conducted by applying thg
required voltage test potenfial-between the power leads and the motor enclosure with all auxiliary devicd
circuits grounded to the enclosure.

34.6 (I, Il) The applied voltage test potential shall be increased from zero until the required test value is
reached, and shall be held at the value for 1 minute. The increase in the applied potential shall be at a
substantially uniform rate and as rapid as is consistent with its value being correctly indicated by a
voltmeter.

35 Dust-Penetration Test

35.1 (ll) A motor for Class Il locations shall be subjected to the Dust-Penetration Test described in 35.3 —
35.10. Also see 35.12.

35.2 (I, Il) A dust-penetration test is not required if:
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a) The motor is for use in Class I, Group F, Group G, or both, in addition to Class I;

b) The joints in the motor enclosure comply with the requirements in Annex C; and

c) The Class | shaft

openings are located to the outside of the bearing chambers and have a

diametrical clearance of not more than 0.41 mm (0.016 inch) for a 25.4 mm (1 inch) length of path
and not more than 0.56 mm (0.022 inch) for a 38.1 mm (1-1/2 inch) length of path with proportional

intermediate values.

35.3 (Il) The motor shall exclude dust. The dust in contact with the enclosure shall not ignite or become
charred as determined by a color change of the dust.

35.4 (Il) For grain dust, a
heating of the bearing and
and the interior of the motor.

35.5 (Il) The motor shall bg
the motor at rated load, see
motor during the test. The t
connections.

35.6 (Il) During this test, th
circulating dust-air atmosph
temperature. This procedure

35.7 (Il) Grain dust consist
mesh) wire cloth shall be us
and G locations.

35.8 (Il) Magnesium dust,
which has passed through 2
micron (200 mesh) wire clot
E and F, Groups E and G, or]

35.9 (Il) As an alternative
commercially may be used.
and particle size as follows:

a) 100 % has passed

n inner shaft path complying with Table 14 is provided between the bearing

installed in a test chamber of a size sufficient to permit thermal equilibrium of]
32.1 and 33.1, and to permit free circulation of the dust-air mixturearound the
bst chamber shall be provided with a cover and with dust-airyinlet and outlet

e motor shall be operated as described in 32.1 and \33.1, while exposed to a
bre in the test chamber. The motor then shall be allowed to cool to ambient
shall be repeated for 6 cycles of operation and.for at least 30 hours.

ng of wheat or corn dust, or both, that has passed through a 150 micron (100
bd in the test if the motor is for use in Class Il, Group F, Group G, or Groups F

all of which has passed through“a 250 micron (60 mesh) wire cloth, 66 % of

150 micron (100 mesh) wire cloth, 22 % of which has passed through a 75
N, shall be used in the test) if the motor is for use in Class Il, Group E, Groups
Groups E, F and G lecations.

o the use of magnesium dust in 35.8, a dust known as 140-mesh silica flour
The purity of the test-dust shall be 97 % to 99 % SiO, and having composition

through an 150 mm (100 mesh) ASTM sieve;

nnnnnn hranuah an 1008 e
T T TOOT

b) 98 % of which has
c) 90 % of which has

d) 75 % of which has

35.10

a) The test-dust sha
between 30.5 and 15

PaSSTT tllludg art |||||(140

passed through a 75 mm (200 mesh) ASTM sieve; and

passed through a 45 mm (325 mesh) ASTM sieve.

(I1) Where silica flour, see (35.9), is used, the procedure shall be as follows:

Il be maintained in suspension inside the test chamber by an air velocity of
2.4 m/min; and

b) The dust density shall be maintained between 3.6 and 8.9 g/m*.

35.11

(I) The wire cloth specified in 35.7 — 35.9 shall conform to the dimensional requirements of

Standard Specification for Wire-Cloth Sieves for Testing Purposes in accordance with Annex A, item 15.
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35.12 (Il) A motor that has joints that do not comply with the requirements in Joints in Enclosures,
Section 11, shall be tested as described in 35.3 — 35.10, except that:

a) The joint widths shall be reduced to 75 % of the minimum to be provided in production; and

b) The joint clearances shall be increased to 150 % of the maximum to be provided in production.
36 Explosion Test
36.1 General

36.1.1 (1) An electric motor having joints and shaft openings complying with Joints in Enclosure of Clause
11 and Shaft Openings of C[ause 13 shall be subjected 1o explosion tests to determine:

a) The maximum explosion pressure effects of the gas-air mixtures specified in Table 31;and

b) The flame propagption effects of the gas-air mixtures specified in Table 32 or Table 33.

36.1.2 (I) Explosion tests are not required if the motor construction complies with the following:

a) The joints in the enclosure are of the threaded, cylindrical, or rabbet type‘that comply with the
requirements in Anngx C;

b) The shaft openings comply with the requirements in Annex C;
c¢) There are no interpal fans;

d) There are no throligh holes in or over the stator frame core.or in the rotor;
e) The enclosure co]:v

plies with the strength requirementiin 10.4;

f) The motor is not jntended for use at an ambient temperature lower than minus 25 °C (minug
13 °F) nor higher thgn 65 °C (149 °F); and

g) There are no normally arcing electrical‘parts within the enclosure.

36.1.3 (I) For the explosign tests, the motor shall be installed in a test chamber provided with inlet ang
outlet connections to the lines carrying«the ‘explosive mixture. The motor enclosure shall be provided with
pressure-recording deviceg, spark-plugs, and connections to the inlet and outlet lines carrying thq
explosive mixtures.

36.2 Explosion pressure|test

36.2.1 (I) The explosive mixture shall be allowed to flow into the motor enclosure until all of the original
air has been displaced. The flow shall be stopped and the valves at the inlets and outlets to the motor shall
be closed. The mixture shall then be ignited inside the motor.

Products intended and marked for an ambient of lower than minus 25 °C shall be tested at 5 °C #5 °C
below the marked lower temperature.

In Canada, products intended and marked for an ambient of lower than minus 50 °C shall be tested at 5 °C
15 °C below the marked lower temperature.

36.2.2 (I) Ignition of the explosive gas-air mixture shall be by either the use of:

a) A spark plug (or plugs); or
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b) A normally arcing electrical device (e.g., a starting switch, a line switch, or other arcing and
sparking devices installed within the motor enclosure).

36.2.3 (I) The explosion pressure of each ignition of the explosive gas-air mixture shall be recorded.

36.2.4 (I) Terminal boxes having provisions for connection to 1-1/2 and smaller trade size conduit shall
be tested with the lengths of conduit specified in Table 34 if the compartment does not contain
components capable of initiating an internal explosion due to arcing, sparking or thermal effects under
normal conditions.

36.2.5 (I) Terminal boxes, tested without lengths of conduits, shall be marked in accordance with 52.1(p)
which requires field-installed conduit sealing fittings.

36.2.6 (I) During the explosion pressure tests:

a) The enclosure shgll withstand the internal explosion pressure without damage that may,weaken
the integrity of the enflosure; and

b) Internal fans, air d¢flectors, and other parts, shall not be permanently distorted:
36.3 Low-ambient explosion pressure tests

36.3.1 (I) For explosion-prpof equipment specified and marked for use at.ambient temperatures lower
than minus 25 °C (minus 50/°C in Canada), the explosion tests shall be detérmined by one of the following
methods:

a) For explosion-progf equipment specified and marked for use at ambient temperatures lower than
minus 25 °C (minus 0 °C in Canada), the explosion tests-shall be performed at 5° lower than the
rated minimum ambjent temperature, 5 °C (9 °F);, When the ambient specified is such that
common materials wjithin the Group are not flammable, a test temperature shall be specified that
represents the minimum temperature at which thé test gasses shown in Table 31 remain gasses, or

b) The reference pressure shall be determined at room ambient temperature using the defined test
mixture(s), but at increased pressure.<Ihie absolute pressure of the test mixture (P) shall be
calculated by the follgwing formula, using T, in °C:

293
P =100 - (kPa)
(T, min +273)
or
293
P =14.6959 ; (psi)
(T, min +273)

36.4 Flame propagation test

36.4.1 (I) The explosive mixture shall be allowed to flow into the motor enclosure and the surrounding
test chamber until all of the original air has been displaced. The flow shall be stopped and the valves at the
inlets and outlets to the motor and test chamber shall be closed. The mixture shall then be ignited inside
the motor.
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36.4.2 () A motor for Class I, Group B locations that has flat or rabbet type joints shall be tested with the
joints reduced to 75 % of the minimum production joint width and the joints shimmed to give a clearance of
50 % more than the maximum production clearance.

36.4.3 (I) A motor for Class |, Group B locations that has threaded joints shall be tested with a threaded
engagement of 75 % of the total number of engaging threads to be used, and the lateral clearance at the
threaded joints shall be the maximum obtainable in production, including maximum manufacturing
tolerances.

36.4.4 (1) A motor for Class |, Group B locations that has a free internal volume greater than 0.5 dm? (30
cubic inches) and has a shaft passing through the enclosure shall be tested with the metal-to-metal shaft

path reduced to 75 % of the

total path length.

36.4.5

36.4.6

36.5 Elevated ambient flame propagation tests

36.5.1 For explosion-prod
than 60 °C (65 °C in Cang
conditions:

a) At a temperature

b) At normal ambier
to the factors in Tabl

¢) At normal atmosp
noted in Table 36.

These tests are in addition t

36.5.2 All test sample join
with the minimum specifieq
gaps and engagements sh
applicable, shall be introdug

() Ignition of the exXplosive gas-air mixture shall be by the use of a spark plug (or plugs).

(I) The enclosure ghall prevent the passage of flame or sparks that may ignite the ,surrounding
explosive atmosphere during the flame propagation tests.

f equipment specified and marked for use at ambient temperatures greate
da), flame propagation tests shall be conducted“dnder one of the following

not less than the specified maximum ambientitemperature; or

t temperature using the defined test mixture at increased pressure according
e 36; or

heric pressure and temperature,-but with the test gap increased by the factors

D the explosion testsiwequired to determine compliance with 36.2 and 36.4.

ts shall be basédjupon the manufacturers maximum specified gap, and testeg

joint length.\'Specially prepared test samples having modified joint lengths
all be employed. For Group B test factors per 36.4.2, 36.4.3 or 36.4.4, as
ed into the test pressure or test gap in addition to the test factors above.

36.6 Exceptions for non4{standard joints

36.6.1

(I) The joint clearance (gap) may be larger than that required in Joints in Enclosure of Clause 11

and Shaft Openings of Clause 13, provided the enclosure meets the flame propagation test in 36.4 with
the gap increased as follows:

a) Increase the test
maximum gap when

gap to 180 % of the design maximum gap instead of 150 % of the design
testing in accordance with Table 32; or

b) Increase the test gap to at least 120 % of the design maximum gap instead of the design

maximum gap when

testing in accordance with Table 33.
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37 Over Pressure Test on Enclosures

37.1 (1) An enclosure shall withstand for at least 10 seconds, without rupture or permanent distortion, an
Over Pressure Test (applied hydrostatically) based on the internal explosion pressure as specified in
10.4.3. The safety factor shall be as specified in Table 35.

37.2 (I) The over pressure test may be omitted if calculations indicated a factor of safety as specified in
10.4.3 for the enclosing parts and bolts based on the explosion pressure specified in 10.4.4 and the tensile
strength of the materials.

37.3 (l) The hydrostatic pressure shall be gradually applied until the required internal pressure is
reached. Gaskets or other acceptable means may be used if necessary to prevent leakage of water during
application of pressure.

38 Dynamic Pressure Test

38.1 For explosionproof er
production, the Dynamic Pr
Test. The dynamic tests sh
enclosure is subjected is 1.5

38.2 The test shall be mad
with each gas mixture as foll

— Group D: 4.6 £0.3 9
—Group C: 810.5 %

—Group B: 3111 % h

38.3 Following the test, th
permanently enlarged.

38.4 (I, II) The fluid handli
times the operating pressure

39 Tests on Temperature

closures not subject to pressure piling and intended for routine testing during
bssure Test shall be permitted as an alternative to the Hydrestatic Pressure
all be carried out in such a way that the maximum pressure to which the
times the reference pressure.

e once except for Group B, in which case the testshall be made three times
DWS:

b propane
cthylene

ydrogen

ere shall be no permanent-deformation or damage and joints shall not be

hg section of a ganned motor pump shall withstand a pressure equal to 1.5
for 10 minuteswjthout evidence of leakage into any electrical compartment.

rLimiting . Devices for Limiting External Surface Temperature

39.1 Arc-rupturing tests 1or thermal cut-off device in D.C. motor circuit

39.1.1 (I, ) In addition to the test specified in 32.6, a d-c motor provided with a thermal cut-off connected
directly in series with the windings of the motor shall be subjected to an arc-rupturing test. At least three
cut-offs, in turn, shall be connected in series with only the shunt winding of the motor. With the shunt-
winding circuit connected to an electrical supply, the ambient air temperature shall be gradually increased
until the cut-off operates. There shall be no burning of the cut-off and no striking of an arc to ground.

39.2 Temperature-limiting device in the motor-control circuit

39.2.1 (I, Il) There shall be no electrical or mechanical failure or any undue burning, pitting or welding of
the contacts of a temperature-limiting device when subjected to the test specified in 39.3 — 39.5.
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39.3 Overload test

39.3.1 (I, ) A temperature-limiting device shall be subjected to 50 cycles of operation (break only) at one
of the overload-test voltages and using the associated electromagnet load as specified in Table 38. A new
sample may be used for each overload-test potential for which the device is rated.

39.4 Endurance test

39.4.1 (I, Il) A temperature-limiting device shall be subjected to 10,000 cycles of operation (break only).
The test voltage and the associated electromagnet load shall be as specified in Table 38. A new sample
may be used for each endurance-test potential for which the device is rated. However, each device shall
be subjected to the appropriate Overload Test before the Endurance Test is conducted. A device that has

been tested for 6,000 cycles
39.5 Calibration test

39.51 (I, ) A temperatu
covering the component. T
Endurance Test.

40 Secureness Test on (

40.1 (I, ) A conduit hub n
Table 39 applied to a shor
intended manner, without tu

41 Electrical-Resistance

41.1 (I, ) The resistance
conductor of the power-suf

accordance with 20.6 shall pot exceed 0.1 ohm.

41.2 (I, II) The resistance
results are recorded, eithg
grounding terminal to all g
resulting drop in potential s
determined by dividing the
points.

of make-and-break operation is considered to comply with this requirement:

re-limiting device shall be calibrated in accordance with the ‘fequirements
he device shall be calibrated both before and after the Overload Test and

onduit Hubs

ot integrally cast with a metal enclosure shall withstand the torque specified in
I length of rigid metal conduit threaded into, the hub of the enclosure in the
rning in the enclosure and without stripping of any threads.

Test

of the grounding path between-the terminal for connection of the grounding
ply cord and dead metal.parts of a portable motor required to be bonded in

may be determined*by any convenient method except that if unacceptablg
r a direct or alternating current of 15 Amperes shall be passed from thg
ead metal parts required to be bonded in accordance with 20.6, and thq
hall be méasured between these two points. The resistance in ohms shall be
drop in(potential in volts by the current in amperes passing between the twg

41.3 (I, ) For threaded jo

nt surfaces, where paint or coating Is applied, the potential drop between two

points located across the point when 50 Amperes of direct or alternating current are passed between them
shall result in a calculated resistance that is no greater than 0.003 ohm. For a conduit opening, one point
shall be on the enclosure and the other on a length of conduit connected to the opening and located 1.6
mm (1/16 inch) from the enclosure.

42 Accelerated-Aging Test on Bushings

42.1 A molded-rubber or -neoprene bushing provided at the cord entrance to the terminal enclosure of
portable equipment shall be exposed in an air oven for 70 hours at 100 °C +2 °C (212 °F +3.6 °F). See the
Standard for Gaskets and Seals, UL 157, for oven aging conditions for service temperatures exceeding
60 °C (140 °F). The bushing shall not have a change in hardness of more than ten numbers.
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42.2 Either the complete molded-rubber or -neoprene bushing or representative material specimen shall
be tested. The hardness of the rubber or neoprene shall be determined as the average of five readings
with a gauge such as a Rex hardness gauge or Shore durometer. The bushing shall then be exposed in an
air oven for 70 hours at 100 °C £2 °C (212 °F £3.6 °F).

42.3 The bushing or specimen shall be removed from the oven and then cooled at room temperature for
at least 4 hours. The hardness shall be determined again as the average of five readings. The difference
between the original average hardness reading and the average reading taken after exposure in an air
oven is the change in hardness.

43 Cord-Pull Test

43.1 (I, ) A portable motc
result of the test, there shall

r shall be subjected to the Cord-Pull Test described in 43.2 and 43.3. As-a
hot be:

a) A displacement of
jacket of the flexible g

2.4 mm (3/32 inch) or more of the conductors, conductor insulationj,or outer
ord inside the motor from its original position;
b) Any damage to thg cord insulation, such as a cut, rip, or tear; or

c) Any damage to th
standard.

e motor that could adversely affect compliance with the requirements in this

43.2 (I, Il) The motor shall be tested with each size and type of flexible cord that the manufacturer

specifies may be used with
installed in the portable mo
conductors were to be conn
no connection to terminals.
inside the motor is intended
the test force.

43.3 (I, II) The motor shall

the motor. The cord shall be cut cleanly at a,right angle to its major axis and
tor so that the end of the jacket is located-in its intended position as if the
ected to the terminals. However, there.shall be no stripping of insulation and
The position of the flush end of thelconductor, insulation, fillers, and jacket
to provide an indicating means of-¢ord displacement after the application of]

be mounted in a fixed position and a direct pull shall be applied for 1 minute

between the cord and the fnotor. The force applied shall be 665 N (150 pounds) for a motor rated 30

Amperes or less and 1,330
force is to be removed and 4
flexible cord inside the moto

44 Rough-Usage Test

441 (I, ) A cord-connecte

N (300 pounds) forsasmotor rated more than 30 Amperes. After 1 minute the
ny displacement'of'the conductors, conductor insulation or outer jacket of the
from its original-position is to be measured.

d. motor not provided with base or stand shall be subjected to a rough-usage

test. The motor, terminal

enctosure —and—the—cord—clamp—stattTotbe—impairedTor —shatt—threaded

engagements be loosened during this test.

44.2 (I, Il) The motor shall be suspended in a vertical position, with cord clamp up, by means of a short
loop formed from a heavy solid wire. The power-supply cord shall be removed from the motor and one end
of the wire loop shall be connected to the motor at its cord clamp. The other end of the wire loop shall be
extended through a screw eye secured to a solidly mounted vertical board, 50.8 mm (2 inches) thick. The
free end of the motor shall be pulled away from the board and then allowed to swing back against the
board or a wooden block secured to the board for 9,000 times at a rate of about 50 times per minute. The
horizontal distance of swing shall be about 150 mm (6 inches).

443 (I, ) Following this test, the motor shall be subjected to the Dielectric Voltage Withstand Test
specified in Clause 34.
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45 Drop Test

45.1 (I, Il) A drop test shall be conducted on a cord-connected motor, such as portable motors, that could
be dropped while being handled. The hazardous location integrity of the motor enclosure, terminal
enclosure, and the cord clamp shall not be impaired, based on a visual inspection, when the motor is
dropped to a concrete floor ten times from a height of 0.9 m (3 feet).

45.2 (I, Il) For the first five drops, the motor, with cord connected as in service, shall be allowed to fall
freely in a manner that would be the case if the device were to fall from a horizontal platform to the floor. In
the remainder of the test, the motor with cord shall be held at various angles about 0.9 m (3 feet) above
the concrete floor and then dropped to the floor.

45.3 (I, Il) Following this [test, the motor shall be subjected to the Dielectric Voltage Withstand Tes
specified in Clause 34.

46 Gasoline-Leakage Tes$t

46.1 () The mechanical geal provided at the lead-wire outlet of a gasoline submersible’motor that is
lubricated by the surrounding product shall prevent leakage at a pressure of 520 kPai(75 psig) or 150 ¢
maximum closed dischargelpressure of the pump, whichever is higher. The pressure-shall be applied fo
168 hours. "O" rings and other parts made of organic materials shall be subjected\to appropriate tests tq
determine their reliability.

47 Non-Metallic Fans angd Fan Guards Test
471 General
47.1.1 (I, I) A non-metalli¢ fan or fan guard shall comply with the requirements in 47.2 or 47.3.
47.2 Conductivity test

47.2.1 (I, I) When tested Jas described in 47.2.2 -~ 47.2.6, the measured resistance of the fan or guard
shall not exceed 1 megohm

47.2.2 (I, Il) Three samp|es of the fan.or guard shall be provided with conductive pads at various
locations on the samples. The pads shall'be located:

a) At points as far pway as possible from the points at which the fan or guard is mounted tg
grounded metal;

b) At intermediate points; and

c) At other points that may result in high resistance to ground because of the configuration of the
part being tested.

47.2.3 (I, Il) The conductive pads shall be metal foil about 2 cm? (0.3 inch?) and attached to the samples
by a thin film of petrolatum or similar material.

47.2.4 (1, Il) Ground point electrodes shall be provided on the samples at a point or points on the part
where it is mounted to grounded metal; for example, the ground point electrode on a fan could consist of a
piece of metal tubing installed in the opening that fits over the motor shaft. For a fan guard, screws with
washers shall be installed in holes for mounting screws.
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47.2.5 (I, ) The resistance shall be measured between the ground point electrodes and the conductive
pads after the samples have been conditioned for at least 48 hours at a relative humidity of 50 £10 %.

47.2.6 (I, Il) The resistance shall be measured with an ohmmeter that has an effective internal resistance
of 100,000 10,000 ohms. The open-circuit potential shall be 500 V dc and the short-circuit current shall

be 5 mA.

47.3 Accumulation of static electricity test

47.3.1 General

47.3.1.1 (I, ) When reqt
requirements of 47.3.2 or 47

47.3.2 Method A

47.3.2.1 (I, 1) Any fan or ¢
50 % relative humidity as de

47.3.2.2 (I, ) The resistan
parallel electrodes 1 mm (0.
centered on a 150 mm by 6(
then with isopropy! alcohol,
hands, it shall be conditiong
carried out under the same
The resistance is the quotie
between them when the dire

47.3.3 Method B

47.3.3.1 (I, 1) No sparks
contact with the fan or guard

47.3.3.2 (I, II) Three samg
shall be conditioned for at le

47.3.3.3 (I, Il) Immediately

.3.3.

uard shall have a surface resistivity of 1 Gohm or less at 23 °C473 °F) and
ined by the material specifications or as determined by the testiin 47.3.2.2.

ce shall be tested on the guard or fan or on a section of.the guard or fan. Two
D4 inch) in width, 100 mm (4 inches) in length, 10 mm (0.4 inch) apart shall be

mm (6 by 2.4 inch) sample. The sample shall be cleaned with distilled water,
then once more with distilled water before being dried. Untouched by bare
d for 24 hours at 23 °C (73 °F) and 50 % relative humidity. The test shall be
conditions. A direct voltage of 500 £10 V/dc shall be applied for one minute.
nt of the direct voltage applied at the.&lectrodes to the total current flowing
Ct voltage has been applied for one minute.

shall be observed when a grounded metal sphere is brought into gradual
after it has been electrostatically charged.

les of the fan ©r,guard with ground point electrodes as described in 47.2.4
hst 48 hours at a relative humidity of 25 +10 %.

after removal from the low-humidity chamber, the samples shall be supported

by means of insulators in a foom having a relative humidity not more than 35 % and having all sources of|

light, other than electrical

sparks, eliminated. The ground point electrodes shall be grounded. An

electrostatic charge shall be sprayed on nonconductive parts of the product using a Van de Graaf

generator limited to 5,000 V.

47.3.3.4
with the nonconductive area

48 Pull Test on Tubes

48.1 (l) The tubes in a tub

(1, ) A 9.5 mm (3/8 inch) diameter grounded metal sphere shall be brought into gradual contact

of the sample.

e-cooled motor shall be subjected for 1 minute to a direct pull determined in

accordance with 48.2. The tubes shall not become dislodged and the joints between the tubes and the end
rings shall not be damaged or become permanently distorted.

48.2 (I) Three samples sh
formula:

all be tested. The direct pull used for the test shall be calibrated using the
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In which:

L=[(D,-D?=N-d*)(P)(F)]/4N

L is the pull-test force in N (pounds);

D, is the outside diameter of end ring in m (inches);

D; is the inside diameter of end ring in m (inches);

N is the number of tu

bes;

d is the outside dia

P is the maximum 4
(psi);and

F is the safety factor|
49 Sealing Compounds ]

49.1 (I) A sealing compou
49.8 to determine its resistal

49.2 (1) The resistance t
specimens and specimens

least 85 % of the value defermined using as-received samples. In\addition, changes in dimensions ang

weight after exposure shall
weight or swelling that charj
of the requirement. See 49.4

49.3 (l) Cylindrical specim
for the tests. At least 81 sp)
The samples shall be of U
cylinder.

49.4 (I) The specimens s

saturated vapors in air of th¢ chemicals specified below:

a) Acetic Acid (Glaci

[est

nd used in Class | equipment shall be subjected to the tests described in 49.2 -
hce to chemicals.

£ £4 L H L o )
WCT UIN'tuucTo T 11t \IIILJI IUD},

xplosion pressure or the pressure from Figure 1, whichever is higheriniPz

of 4.

b crushing of the sealing compound shall, be determined on as-received
exposed to chemical vapors. The crushifg force after exposure shall be a

be determined. Shrinkage or loss of weight of more than 1 % or an increase in
ges the intended properties of the 'sealing compound does not meet the inten
B.

ens 12.7 mm (1/2 inch) in diameter and 19.1 mm (3/4 inch) long shall be useq
ecimens are required = six for each chemical and three for as-received tests
niform size and shape, having both ends perpendicular to the side of the

nall be exposed for 168 hours (7 days) at 20 °C — 25 °C (68 °F — 77 °F) tq

A

);

b) Acetone;

¢) Ammonium Hydroxide (20 % by weight);

d) ASTM reference fuel C;

e) Diethyl Ether;

f) Ethyl Acetate;

g) Ethylene Dichloride;

h) Furfural;

i) n-Hexane;
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j) Methyl Ethyl Ketone;
k) Methanol;
I) 2-Nitropropane; and
m) Toluene.
49.5 (I) During and after the exposure, the specimens shall be observed for discoloration, swelling,

crazing, cracking, leaching, or dissolving.

49.6 (l) After the exposure, three specimens from each chemical exposure shall be weighed and

measured immediately after

ramoval-from-the chemicalvanor
Fe oV HEHHRe-cRe e YaPor

49.7 (I) The other three exposed specimens and the as-received specimens shall be placed betweeénytwo

parallel plates and crushed
(0.1 inch) per minute. The Ig

with a compression-testing machine having a crosshead speed of 2.54 mm
ad shall be applied perpendicular to the axis of the cylindrical specCimens and

the compressive force required to crack and break the specimens shall be recorded.

49.8 () As an alternative,

conducted on a complete sd
sealing compound as intend
of explosion and hydrostati
Pressure Test on Enclosureg
the chemicals specified in 44

50 Low Ambient-Duty Mg
50.1

General

50.1.1 (I, Il) These requirg
ambient temperature lower t

tests to determine resistance of the sealing compound to-chemicals shall be
mple or subassembly representative of the construction that incorporates the
Ed in the final assembly, without cable or conductors{ These tests shall consist
pressure tests in accordance with Explosion Tests in Clause 36, and Over
in Clause 37, on the complete sample after thesxsample has been exposed to
4.

tors

ments apply to motors that\are intended and marked for use in a prevailing
han minus 25 °C (minus 13 °F) but not lower than minus 70 °C (minus 94 °F).

50.1.2 In Canada, these
prevailing ambient tempera
(minus 94 °F).

fequirements apply,fo motors that are intended and marked for use in a
ure lower than_ minus 50 °C (minus 58 °F) but not lower than minus 70 °C

50.1.3 (I, ll) A motor interjded for-use in a low ambient temperature shall comply with the applicable
requirements in Clauses 31 —49, supplemented by, and in some cases modified by, the requirements
given in 50.2 — 50.4 and in Section 51.

50.2 Construction

50.2.1 (I, Il) At the rated low ambient, thermal contraction of enclosure parts shall not result in a
decrease in the length of joints or shaft paths or an increase in joint or shaft path clearances such that the
joints or shaft openings do not comply with requirements for Joints in Enclosure of Clause 11 and Shaft
Openings of Clause 13. Compliance is determined by conducting the explosion test in Clause 50.3.

50.2.2 (I) In determining the strength of the enclosure in accordance with the requirements in 10.4.2,
consideration shall be given to any reduction in the tensile strength of the enclosure over the ambient
temperature range.
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50.3 Explosion test

50.3.1 (I) The Explosion Pressure Test in 36.2, shall be conducted with the motor at 5 °C less than the
rated low ambient temperature in addition to the explosion tests at room temperature.

50.4 Drop test on lead seal

50.4.1 (I, Il) Three samples representative of the lead seal (for example, sealing-well section or pipe
nipple) shall be tested.

50.4.2 (I, ll) The samples shall be conditioned for 24 hours at 5 °C less than the rated low ambient
temperature. Immediately after the conditioning, each sample shall be dropped to a concrete floor ter
times from a height of 0.9 m| (3 feet).

50.4.3 (I, ) The lead sealfshall not crack.
51 Manufacturing and Production Tests — Dielectric Voltage-Withstand Test
51.1 Dielectric Voltage-Withstand Test

51.1.1 (I, II) Each motor ghall withstand without electrical breakdown, as a routine production-line test
the application of a potentia| at a frequency within the range of 40 — 70 Hertz;

a) Between the primary wiring, including connected components,-and motor enclosure; and

b) Between live part$ of an auxiliary device and the motor enclosure.

51.1.2 (1, Il) The productign-line test potential applied to each motor shall be in accordance with eithe
Condition A or Condition B of Table 40 for the applicablé.motor rating. The full test potential shall bg
applied for the full time spedified in Table 40.

51.1.3 (I, Il) The test potential may be applied gradually until the full test potential is attained, except tha
for the 1 second test (Condifion B) the full test petential may be applied immediately at the beginning of the
test.

51.1.4 (I, ) The motor maly be in a heated or unheated condition for the test.

51.1.5 (I, Il) The test shall[be conducted when the motor is complete (fully assembled). It is not intended
that the motor be unwired, medified, or disassembled for the test.

51.1.6 (I, ) A part, such as a snap cover or a friction-fit knob that would interfere with conducting the test
need not be in place.

51.1.7 (I, Il) The test may be conducted before final assembly if the test represents that for the
completed motor.

51.1.8 (I, Il) A motor employing a solid-state component that is not relied upon to prevent a risk of electric
shock and that can be damaged by the dielectric potential may be tested before the component is
electrically connected provided that a random sampling of each day's production is tested at the potential
specified in Table 40. The circuitry may be rearranged for the purpose of the test to reduce the likelihood of
solid-state-component damage while retaining representative dielectric stress of the circuit.
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51.1.9 (I, ) The test equipment shall include a means of indicating the test potential, an audible or visual
indicator of electrical breakdown, and either a manually reset device to restore the equipment after
electrical breakdown or an automatic feature that rejects any unacceptable unit.

51.1.10 (I, Il) If the output of the test-equipment transformer is less than 500 VA, the equipment shall

include a voltmeter in the output circuit to indicate the test potential directly.

51.1.11
indicated by:

(1, ) If the output of the test equipment transformer is 500 VA or more, the test potential may be

a) A voltmeter in the primary circuit or in a tertiary-winding circuit;

b) A selector switch r

c) In the case of equ
location to indicate th

When marking is used witho
as an indicator lamp, to in
breakdown.

51.1.12 (I, ) During the te
under test shall be connect
equipment terminal shall be

51.1.13 (I, II) A product (r

1 ks L Fat) 4 n & |
IdTATU U TTIUILalc uic icot pultitial, UT,

ipment having a single test-potential output, by a marking in a readily visible
e test potential.

ut an indicating voltmeter, the equipment shall include a positive means, such
dicate that the manual reset switch has been reset following a dielectric

st, the primary switch shall be in the "ON" positionS both sides of the circuit
bd together and to one terminal of the test equipment, and the second test-
connected to accessible dead metal.

bsistive, high-impedance winding, or theclike) having circuitry not subject to

excessive secondary-voltage build-up in case of electrical breakdown during the test may be tested:

a) With a single-pole

primary switch, if used, in the "OFF"position; or

b) With only one sidg¢ of the circuit connected to the test equipment when the primary switch is in

the "ON" position or V

51.1.14 (I, ) The primary s
test potential between the ci

51.2 Grounding-Continui

vhen a primary switch is potused.

witch is not required.te be in the "ON" position if the testing means applies full
cuit under test and dead metal parts with the switch not in the "ON" position.

ky Test

51.2.1
of the attachment plug, if

rovided or the grounding conductor of the power-supply cord is electrically

af o cord

(1, 1) The manufac’qirer shall determine by routine production-line test that the grounding member|

nnnnnnnn matar

connected to dead metal pa
52 Markings

52.1

a) Manufacturer's or
organization respons

o a
MS O CoOTG—COTmTTC CtC TUTTTOTOT.

(I, 1) A motor shall have a metal nameplate marked with the following information:

private labeler's name, trademark, or other descriptive marking by which the
ible for the product may be identified.

b) Catalogue designation or equivalent.

c) Rated volts and full-load amperes. For a multi-speed motor, full-load amperes for each speed,
except shaded pole and permanent split capacitor motors for which amperes are required only for

maximum speed.

d) Rated full-load speed.
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e) Rated temperature rise or the insulation system class.
f) Rated ambient temperature.

g) Time rating. The preferred time rating shall be 5, 15, 30, or 60 minutes, or continuous.
Alternatively, the time rating may be 1/12, 1/4, 1/2, or 1 hour, or 24 hours.

h) Rated kW (horsepower) if 0.093 kW (1/8 horsepower) or more. For a multi-speed motor 0.093
kW (1/8 horsepower) or more, rated kW (horsepower) for each speed, except shaded pole and
permanent split capacitor motors 0.093 kW (1/8 horsepower) or more where rated 0.093 kW
(horsepower) is required only for maximum speed. For a torque motor, see 52.14.

i) Locked-rotor indicating code letter, or actual locked-rotor current, if an a-c motor (other than a
polyphase wound-rotor motor) rated 0.37 kW (1/2 horsepower) or more.

j) Secondary volts and full-load amperes if a wound-rotor induction motor.
k) For a-c motors, rated frequency and for polyphase motors the number of phases.

[) For a motor for usp with variable-frequency inverter drives: The type or types of.inverters, moto
load characteristics,| and the frequency range; for example, "PWM — Constant Torque — 6 to 6(
Hertz". All motor bage performance values in (c) through (k) are to correspond’to rated sine-wave
operation. Additiona| markings for inverter operation may be included.

m) For a d-c motor, the words "direct current” or "d-c", and the winding. type (for example, "Straigh
shunt, stabilized shiint, compound, series, or permanent magnet')," A fractional horsepower d-g
motor, 178 mm (7 in¢hes) or less in diameter, need not be markedwith the winding type.

n) Designation of the hazardous location in which the motar is intended to be used: for example

"Class ___, Group _| ". Amotor that has been investigated and found acceptable for exposure tq

Class | and Class I location conditions at the same,time shall be marked with the following o

equivalent wording: ['Suitable for simultaneous use‘in Class I, Group and Class Il, Groug
locations".

0) The maximum external operating temperature or temperature class (T code) as indicated in
Table 41. The operafing temperature oritemperature class (T code) shall be on the nameplate nea
the marking requirgd by Item (n)-\It/shall be identified as "Operating Temperature "
"Temperature Clas ", or,the equivalent. Motors having maximum external operating
temperature of not njore than 100:°C (212 °F) need not have this marking.

p) Terminal boxes thiat have.been tested without lengths of conduit per 36.2.5 shall be marked with
the following, or equivalent: "Caution: Seal entries within ...LL... of Enclosure." The dimension
“...LL..." shall be detérmined during the explosion pressure testing.

g) The date or other dating period of manufacture not exceeding any three consecutive months.
The date of manufacture may be abbreviated, or may be in a nationally accepted conventional
code or in a code affirmed by the manufacturer, provided that the code:

1) Does not repeat in less than 20 years; and

2) Does not require reference to the production records of the manufacturer to determine
when the product was manufactured.

52.2 (l) In addition to the marking requirement in 52.1(n), equipment that has been investigated and
found to comply with the requirements for Class I, Group D locations may additionally be marked Class |,
Zone 1, Group IIA.
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52.3 () In addition to the

marking requirement in 52.1(n), equipment that has been investigated and

found to comply with the requirements for Class |, Group C locations may additionally be marked Class |,

Zone 1, Group IIB.

52.4 () In addition to the

marking requirement in 52.1(n), equipment that has been investigated and

found to comply with the requirements for Class I, Group B locations may additionally be marked Class |,

Zone 1, Group lIB+H2.
52.5 (l) Equipment marked

52.6 (I) Equipment marked

Group |IB may also be marked Group IIA.

Group 1IB+H2 may also be marked IIA.

52.7 (ll) In addition to the
found to comply with the reg
Zone 20 or 21.

52.8 (I, Il) The metal name
such as drive pins or drive
requirements specified in thq

marking requirement in 52.1(n), equipment that has been investigated afd
uirements for Class Il, Group E, F or G locations may additionally be matked

plate referred to in 52.1 shall be permanently attached to the motar by means
bcrews. An adhesive-attached nameplate may be used if it complies with the
standard for marking and labelling systems. Intended usage ‘of the motor and

the atmosphere in which it shall be used are considered when evaluating an adhesiyve-attached plate.

52.9 (I, Il) Each cord-conn

cted motor shall be provided with marking instructiens regarding replacement

of the power-supply cord. These instructions shall be legible and permanent."Fhese instructions may be a

paper label if located within

52.10
cord replacement shall be p

52.11 (I, Il) A cord-connec
attached shall be provide
instructions shall include all
must be provided.

52.12 (I, II) A single-phas
enclosure shall be provided
mounted in an explosion-f
capacitor shall be mounted g

e terminal compartment and protected from mechanical damage.

(I, 1) Each cord-conhected motor employing a packing gland that has to be disassembled during

vided with marking instructions desgribing its installation and replacement.

ed motor that is produced without power-supply cord or the attachment plug
i with instructions regarding the installation of these components. The
required information regarding the type of cord and the attachment plug that

e capacitor metorhaving a capacitor, or capacitors, external to the motor|
with a diagram”indicating the intended connections. If the capacitor is not
roof or dust-ignition-proof enclosure, the diagram shall indicate that the
utside of'the hazardous location.

52.13 (I, Il) A fan-cooled m

otor that does not comply with the requirements for guarding in 22.2, shall be

marked "Fan Not Guarded".
in some other manner.

52.14 (I, II) A torque motor

ThisTmarkingstattbeomthe rameptate orpermanentty rarked o themotor

shall be marked as indicated in 52.1, except that the locked-rotor torque shall

replace the rated horsepower.

52.15 (I, Il) A motor provided with a temperature-limiting device for limiting external surface temperatures
that does not open the motor circuit directly shall be supplied with instructions or a wiring diagram, or both,
for the temperature-limiting device circuit on a plate or tag. The wiring diagram or instructions shall include
the ratings of the temperature-limiting device and the identification of the leads, and shall indicate that a
manual, momentary start switch is required. If the load controlled by the temperature-limited device is
likely to exceed the values specified in Table 38, the wiring diagram shall show the use of an intermediate
control-circuit relay.
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52.16 (I, 1) A motor provided with auxiliary equipment, such as heaters or a temperature-limiting device
not relied upon to limit external surface temperatures, shall be supplied with instructions or a wiring
diagram, or both, for the auxiliary-device circuit on a plate or tag. The instructions or wiring diagram shall
include the rating of the auxiliary device and the identification of the leads.

52.17 (1, Il) If automatic restarting of a motor could result in injury to persons, the motor shall be provided
with information indicating that it can be restarted automatically. The information may be included with the
installation instructions. The marking "Thermally Protected" on a motor that complies with the
requirements for thermally protected motors is considered sufficient information. A motor intended to be
immersed in a fluid, such as gasoline, during intended operation would not be considered a type of motor

that could cause injury to persons as a result of automatic restarting.

52.18 (I, Il) If a manufact
each finished motor or ger
product of a particular facto

52.19 (I) A submersible se

instructions that recommend the use of corrosion-resistant conduit, such as stainless steel:

52.20 (I) A submersible s
with instructions for cord re
on the availability and orde
permanently marked, "See
information contained in the)

52.21 (I, Il) A motor that
information on the use of:

a) A single-phasing monitor; or

b) The maximum loc
53
53.1

General

53.1.1
by this standard.

Installation Instructions

Motors shall be prvided with"documentation that includes all the instructional material requireg

Lirer produces or assembles motors or generators at more than one factory
erator shall have a distinctive marking by which it may be identified as)thé

y.
wage-pump motor with provision for conduit connection shall be (provided with
wage-pump motor provided with a flexible cord shall be permanently markeq
lacement. If specific assemblies are needed for cordreplacement, informatior
ring of the assemblies shall be included. As an altérnative, the motor may bg
instruction manual for cord replacement”, or the equivalent, with the requireq

instructions accompanying each motor.

s tested in accordance with 31.4 shall .be"permanently marked with detaileg

ked-rotor current and time, or the like.

53.2 Electronic medium

forrequired instructions

53.2.1

The required instructional material of this standard may be provided additionally or alternatively

by electronic media under the following conditions:

a) Where all required instructional material is provided by electronic media, there shall be marking
on the apparatus that contains the international symbol (Reference No. 0434B of ISO 7000), along
with the document number, revision level and location of the electronic documentation (e.g. URL,

QRcode).

b) Where only some
is printed:

1) there sha

of the required instructional material is provided by electronic media and some

Il be marking on the apparatus that contains the international symbol A

(Reference No. 0434B of ISO 7000), along with the document number, revision level and
location of the electronic documentation (e.g. URL, QRcode); and
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2) the printed instructions provided with the apparatus shall clearly identify that additional
information is available electronically, along with the document number, revision level and
location of this electronic documentation (e.g. URL, QRcode).

3) for small electrical apparatus where some or all of the instructional material is to be
provided by electronic media, and where there is limited space for both the international

symbol A (Reference No. 0434B of ISO 7000) and the document number, revision level
and location of the electronic documentation (e.g. URL, QRcode):

i) the international symbol A\ (Reference No. 0434B of ISO 7000) shall be marked
on the apparatus; and

i) pri ; ;
indicates the document number, revision level and location of the electronic
docunientation (e. g. URL, QRcode).

NOTE: When electronic documentdtion is referenced either on the device or on the printed instructions, the location given’can be the
specific location for the required indtructions (e. g. direct link to the specific instructions), or can be a more general lo€ation. (e.g. the
URL for the overall manufacturer]s website). It is the manufacturer’s responsibility to assure that the locatien,of the required
instructions is accessible by the usqr.

53.2.2 Alternatively, the regference to the document number and revision level.oh the marking can be
excluded if the location of the electronic documentation marked on the apparatus (e.g. URL, QRcode)
involves an electronic searcly feature that makes the required documentationiavailable by entering specific
information that is required ffo be marked on the apparatus, such as any<eombination of model number,
part number, serial number, flate code, or other unique identifier.

53.2.3 Where a QRcode if used to provide the required instructional material, and the QRcode contains
all required instructional material (as opposed to merely referencing a URL that contains required
instructional material), a document number and revision leveltheed not be indicated.

53.2.4 Where some or alll of the required instructiohal material is provided by electronic media, the
required instructional material shall be available in printed format upon request of the user.

NOTE 1: Where required instructional material, especially drawings, is provided in an electronic documentation format, consideration
should be given by the manufacturdr to its viewability and,pfint capability by the user.

NOTE 2: Electronic media are pefmitted for réquired instructions as part of national and international standards, however other
constraints may apply in certain mprket places, (e.g. the European Commission’s Standing Committee for the ATEX Directive has
taken the view that at least the safey related\parts of the instructions in respect of ATEX should be supplied in paper form).

Table 1
Minimum Thickness of Enclosure Walls
Maximum enclosure dimensions Minimum thickness?, mm (inch)
Internal Length® of Area®d
Joints, Cast brass, bronze,
. - copper, or malleable Cast iron, or
mm (inch) dm* (in”) iron aluminum® Sheet steelf
330 (13) 15 (233) 2.36 (0.093) 3.18 (0.125) 1.47 (0.058)
560 (22) 31 (480) 2.36 (0.093) 3.18 (0.125) 1.47 (0.058)
760 (30) 40 (620) 2.36 (0.093) 3.18 (0.125) 2.36 (0.093)
1525 (60) 97 (1500) 3.18 (0.125) 4.75(0.187) 3.18 (0.125)

Table 1 Continued on Next Page
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Table 1 Continued

Maximum enclosure dimensions

Minimum thickness?, mm (inch)

Internal Length® of Area®d
Joints, Cast brass, bronze,
. - copper, or malleable Cast iron, or
mm (inch) dm® (in”) iron aluminum® Sheet steel’
Over 1525 (60) Over 97 (1500) 4.75(0.187) 6.35 (0.250) 4.75 (0.187)

cylinder.

¢ Includes sand-cast, permanent-

f A motor intended for installation
enclosure, may have a thickness

® Circumference of frame/end-shield Joint.
¢ This area is not the total area, but the area of each enclosure part such as the end-shield or the stator frame.

@ The basis behind the thickness values is to delay electrical burn-through until protective devices can function.

9 The area of an end-shield is considered to be the area of a circle.The area of a stator frame is considered to be the area of a

mould, and die-cast aluminum and sheet aluminum.

here not subjected to mechanical or physical damage, such as with or without a supplementary
of not less than 1.07 mm (0.042 inch).

Table 2
Safety Factors for Calculations to Determine Strength of Enclosure for Class l-Locations

Material of enclpsure or part

Safety factor forealculations

Cast netal 5
Fabricate[ steel 4
Bol 3
Table 3
Maximum Width|of Joint and Maximum Clearance-for Group C Motor Enclosures

Maximum gap, mm (inch) for free'internal volume of enclosure, V cm? (inch®)

Width of joint L V<1po0 100 <V <500 500 <V <2000 2000 <V <5000 V>5000
mm (inch) (6) (30) (122) (305) (305)
Straight (flat and
cylindrical) and
rabbet joints
6(0.25)<L <95 0.10 (0J004) a a a a
(0.375)
9.5(0.375) <L < 0.10 (0J004) 0.05 (0.002) 0.04 (0.0016) a a
12.5(0.5)
12.5(0.05) <L < 0.10 (0)004y 0100004} 0-10(0-004) 0-08(0-003) 0-08(0-003)
25(1)
25(1)sL 0.10 (0.004) 0.10 (0.004) 0.10 (0.004) 0.10 (0.004) 0.10 (0.004)
Operating-rod
(spindle) joints®
6(0.25)<L <95 0.10 (0.004) a a a a
(0.375)
9.5(0.375) <L < 0.10 (0.004) 0.10 (0.004) 0.10 (0.004) 0.08 (0.003) a
12.5(0.5)
12.5(0.5)sL <25 0.10 (0.004) 0.10 (0.004) 0.10 (0.004) 0.08 (0.003) 0.08 (0.003)
M
25(1)<L 0.10 (0.004) 0.10 (0.004) 0.10 (0.004) 0.10 (0.004) 0.10(0.004)

Table 3 Continued on Next Page
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Table 3 Continued

Maximum gap, mm (inch) for free internal volume of enclosure, V cm’® (inch®)

Width of joint L V<100 100 <V <500 500 <V <2000 2000 <V <5000 V> 5000
mm (inch) (6) (30) (122) (305) (305)
Notes:
For Sl unit 1inch =25.4 mm
conversions: 1inch® = 16.4 cm?

@ Construction not permitted.
® For cylindrical and operating-rod joints, the maximum gap is the diametrical difference.

Table 4
Class | Locations Minimum Flame Path at Bolt Holes Groups C and D Motor Enclosures
Required minimum width (L) of{joint per Table 3 or Table 5 Minimum effective () flame path
mm (in) mm (in)
6 (0.236) (0:236)
9.5 (0.374) 8 (0.315)
12.7 (0.500) 8 (0.315)
19 (0.749) 9.5 (0.374)
Over 19 (0.749) 12.7 (0.500)
Table 5

Minimum Width ¢f Joint and Maximum Clearance for Group D Motor Enclosures
(Metric units)

Width of joint, L Maximum clearance mm(far free internal volume of enclosure cm®
mm V £100 100<V <500 500 <V =1650 1650 <V <5750 V > 5750
Straight (flat and
cylindrical) and
rabbet joints®
6=<L<95 Q.15 a a a a
95<L<13 Q.15 0.08 0.08 0.08 0.08
13<L<19 Q.15 0.15 0.10 0.10 0.10
19<L<25 Q.15 0.15 0.15 0.10 0.10
25<L q.20 0.20 0.20 0.20 0.20
Operating-rod
(spindle) joints®
6<L<95 0.15 a a a a
95<L<13 0.15 0.08 0.08 0.08 0.08
13<L<19 0.15 0.15 0.10 0.10 0.10
19<L<25 0.15 0.15 0.15 0.10 0.10
25<L 0.20 0.20 0.20 0.20 0.20

@ Construction does not meet the intent of the requirement.

b For operating-rod (spindle) joints, axial sections of rabbet joints, and cylindrical joints, the maximum gap is the diametrical
clearance.
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Table 6
(informative)

Minimum Width of Joint and Maximum Clearance for Group D Enclosures

(English units)

Width of joint, L

Maximum clearance inch for free internal volume of enclosure inch®

inch V<6 6<V=30 30<V<100 100 <V <350 V > 350
Straight (flat and
cylindrical) and
rabbet joints®
0.25<L<0.375 0.006 a a a a
0.375<L <0.500 0.006 0.003 0.003 0.003 0.003
0.500<L<0.75 0,006 0.006 0.004 0.004 0.004
0.75<L<1.0 0,006 0.006 0.006 0.004 0.004
1.0sL 0,008 0.008 0.008 0.008 0.008
Operating-rod
(spindle) joints®
0.25<L<0.375 0,006 a a a a
0.375<L <0.500 0.006 0.003 0.003 0.003 0.003
0.500=L<0.75 0,006 0.006 0.004 0.004 0.004
0.75<L1.0 0,006 0.006 0.006 0.004 0.004
1.0sL 0,008 0.008 0.008 0.008 0.008

clearance.

@ Construction does not meet the lintent of the requirement.
b For operating-rod (spindle) joint}, axial sections of rabbet joints, and cylindrical joints, the,maximum gap is the diametrical

Class | Locations Thread Engagement for Groups B, C, and D Motor Enclosures

Table 7

Maximum diameter of thregded

Maximum number of threads

Minimum number of threads engaged

section, per 25.4'mm (1 in)
mm (in)
No limit 20 5
9.5(0.374) 24 5
Over 9.5 (0.374) 24 6
28 7
32 8
Table 8

Class Il Locations Dimensions of Joints in Groups E, F, and G Motor Enclosures Flat and

Cylindrical Joints

Minimum joint width,

Maximum gap,

mm (in) mm (in)

4.8(0.189) 0.05 (0.002)

6.4 (0.252) 0.08 (0.003)
9.5(0.374) 0.10 (0.004)
12.7 (0.500) 0.13 (0.005)

16 (0.630) 0.15 (0.006)

19 (0.749) 0.18 (0.007)

22.2 (0.875) or wider 0.20 (0.008)
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Table 9
Class Il Locations Dimensions of Joints in Groups E, F, and G Motor Enclosures Rabbet Joints
Minimum width of radial Maximum gap at radial Maximum gap at axial
Minimum total joint width, section, section, section,
mm (in) mm (in) mm (in) mm (in)
4.8(0.189) 1.2(0.047) 0.05 (0.002) 0.10 (0.004)
6.4 (0.252) 1.2(0.047) 0.08 (0.003) 0.15 (0.006)

Table 10

Class |, Group C Shaft Openings in Motor — Straight Joints

Free internal volume,

Dimensions of joints, mm (in)

Circum\:e(:'r:;é:eni)fjointa, Minimum length of joints Maximum diametrical clearance (B minus E)

® mm (in) (A) Sleeve bearings Ball bearings

V<100 (6.102) 6.4 (0.25) 0.20 (0.008) 0.30 (0012)

and 12.7 (0.5) 0.25(0.010) 0.4170.016)

$ <810 (31.91) 25.4 (1) 0.30 (0.012 0.46 (0.018)

38.0 (1.50) 0.41(0.016) 0.61(0.024)

V <2000 (122.04) 12.7 (0.5) 0.20 (0.008) 0.30(0.012)

and 25.4 (1) 0.25(0.010) 0.41(0.016)

$ <810 (31.91) 38.0 (1.5) 0.30 (0.012) 0.46 (0.018)

V <6000 (366.12) 12.7 (0.5) 0.15(0.006) 0.20 (0.008)

and 25.4 (1) 0.20(0:008) 0.30(0.012)

@ <2290 (90.23) 38.0 (1.5) 025 (0.010) 0.41(0.016)
Note: @ Circumference of frame/er{d-shield joint.

Class

Table 11

I, Group D Shaft Openings in Motor — Straight Joints

Free internal volume, V cm?®

Dimensions of joints, mm (in)

(m?)%l{;t;m:;‘ezﬁ;z of Minimumlerigth of joint (A) Maximum diametrical clearance (B minus E)
Sleeve bearings Ball bearings

V<100 (6.102) 6.4 (0.25) 0.20 (0.008) 0.30 (0.012)
and 12.7(0.5) 0.25(0.010) 0.41(0.016)

$ <810 (31.91) 254 (1) 0.30 (0.012) 0.46 (0.018)
38.0 (1.50) 0.41(0.016) 0.61 (0.024)

V <2000 (122.04) 12.7 (0.5) 0.20 (0.008) 0.30(0.012)
and 254 (1) 0.25(0.010) 0.41(0.016)

$ <810 (31.91) 38.0 (1.50) 0.30(0.012) 0.46 (0.018)
V <6000 (366.12) 12.7 (0.5) 0.20 (0.008) 0.30 (0.012)
and 254 (1) 0.53 (0.021) 0.64 (0.025)

$ <810 (31.91) 31.8(1.25) 0.58 (0.023) 0.69 (0.072)
38.0 (1.50) 0.64 (0.025) 0.76 (0.030)

Table 11 Continued on Next Page
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Table 11 Contin

ued

Free internal volume, V cm®

Dimensions of joints, mm (in)

(in®) Circumference of
joint?, ® mm (in)

Maximum diametrical clearance (B minus E)

2) For @ greater than 2290 (90.2

Minimum length of joint (A)
Sleeve bearings Ball bearings
44.5 (1.75) 0.69 (0.072) 0.76 (0.030)
51.0 (2.01) 0.74 (0.029) 0.76 (0.030)
V <6000 (366.12) 38.0(1.50) 0.64 (0.025) 0.76 (0.030)
and @ <2290 (90.23) 63.5 (2.50) 0.76 (0.030) 0.76 (0.030)
Notes:

@ Circumference of frame/end-shigld jaint

), see Table 12.

Table 12
Class |, Groups C and D Shaft Openings in Motors — Labyrinth Joints?
Free internal Minimum length of joint, mm (in) Mini Maximum
inimum - -
volume, V difference in diametrical
cm?® (ind) didmisters of clearance of
Circumference | Total (A plus Atone At other Atany \Yorinth each section
of joints®, F) labyrinth labyrinth labyrinth abyrin (B minus E
®mm (in) section (F) | section (A) section sections (D1 g ¢ minus
minus E) D)

V <6000
(366.12) 28.6 (1.14) 3.2 (0.126) 25.4 (1) « 3.2(0.126) 0.53 (0.021)
and 35.0 (1.38) 3.2 (0.126) 31.8 (1.25) - 3.2 (0.126) 0.58 (0.023)
®<810(31.91) | 41.3(1.63) 3.2 (0.126) 38.0 (1.50) - 3.2 (0.126) 0.64 (0.025)
47.6(1.88) 3.2 (0.126) 445 (1.75) - 3.2 (0.126) 0.69 (0.072)
54.0 (2.13) 3.2(0.126) 51.0(2.0H - 3.2 (0.126) 0.74 (0.029)
V <6000 41.3(1.63) 3.2 (0.126) 38.0'(1.50) - 6.4 (0.252) 0.64 (0.025)

(366.12)
and 66.7 (2.63) 3.2 (0.126) 63.5 (2.50) - 6.4 (0.252) 0.76 (0.030)

@ <2290

(90.23)
V > 6000 51.0°(2.01) N - 6.4°(0.252) 6.4 (0.252) 0.64 (0.025)

(366.12)
and 76.0° (3.00) - - 25.4° (1) 6.4 (0.252) 0.76 (0.030)

& > 2290

(90.23)

Notes:

b Circumference of frame/end-shi

—: Not applicable.

@ The labyrinth joint shall consist of at least 2 axial sections.

eld joint.

¢ The minimum labyrinth-path dimensions shall be provided with the rotor in any position permitted by the end-play of the shaft.
The adjacent sections of the path shall not be more than 20 mm (0.80 inch) apart at any position permitted by that end-play.
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Table 13
Class Il, Groups E, F and G Outer Shaft Openings in Motors

Minimum length of joint, Maximum diametrical clearance,
mm (in) mm (in)
12.7 (0.5) 0.25(0.01)
254 (1) 0.41(0.016)
38.0 (1.5) 0.56 (0.022)

Note: Proportional intermediate values are permitted.

Table 14
Class Il, Groups F and G Inner Shaft Openings in Motors

Minimum length of joint, Maximum diametrical clearance, mm (in)
mm (in) Ball bearings Sleeve bearings,
25.4 (1) 0.53 (0.021) 0.53 (0.021)
31.8 (1.25) 0.58 (0.023) 0.5840.023)
38.0 (1.5) 0.64 (0.025) 0.64 (0.025)
445 (1.75) 0.69 (0.027) 0.69 (0.027)
51.0 (2) 0.74 (0.029) 0.74 (0.029)
63.5 (2.50) 0.76 (0.030) 0.76 (0.030)
(31.8 (1.25) + 3.2 (0.126)) Labyfrinth - 0.51(0.020)

Note:— Not applicable.

Table 15
Termingl Compartments for Rigidly,Mounted Motor Terminals

Power supply conductor size?, Minimum acceptable usable volume per power-supply
mm? (AWG) conductor,
cm? (cubic inches)
2.1 (14) and|smaller 16(1)
3.3and 5.3 (1R and 10) 20 (1-1/4)
8.4 and 13.3 [8 and 6) 37 (2-1/4)

@ Based on copper supply conducfors having a temperature rating of 60 °C (140 °F).

Table 16
Field Wiring Compartment for AC and DC Motors 279 mm (11 inches) or Less in Diameter
Field wiring compartment
Rating of motor Minimum dimension of field wiring Minimum usable volume,
kW (horsepower) compartment opening, cm? (cubic inches)
mm (inches)

KW < 0.75 (Hp < 12) 41 (1.625) 170 (10.5)
0.75<kW<22(1<Hp<3? 44 (1.75) 275 (16.8)
22<kW<56(3<Hp<7.5) 50 (2) 365 (22.4)

Table 16 Continued on Next Page
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Table 16 Continued

Rating of motor
kW (horsepower)

Field wiring compartment

Minimum dimension of field wiring
compartment opening,
mm (inches)

Minimum usable volume,
cm? (cubic inches)

5.6 <kW < 11.2 (7.5 <Hp < 15)

64 (2.5)

595 (36.4)

@ For a field wiring compartment partially or wholly integral with the frame or end shield, the minimum dimension of cover opening
is not specified and the volume of the field wiring compartment per wire-to-wire connection may be not less than 18 cm® (1.1 cubic
inch) for a motor rated 1 horsepower or less, or 23 cm® (1.4 cubic inch) for a motor rated 1 < Hp < 3.

Ta 17
™ LI

Field Wiring CoL'npartment for AC Motors Over 279 mm (11 inches) in Diameter

Maximum full-load Minimum dimension of field wiring Minimum usable volume,
current for 3-phase compartment opening,
maxir':t?;:?f:v;treadsa mm (inches) cm? (cubic inches)
0-45 64 (2.5) 595 (36.4)
46-70 84 (3.3) 1265 (77)
71-110 102 (4.0) 2295 (140)
111 -160 127 (5.0) 4135 (252)
161 -250 152 (6.0) 7380 (450)
251 -400 178 (7.0) 13775 (840)
401 -600 203 (8.0) 25255 (1540)

@ Aucxiliary leads for such items ag brakes, thermostats, space heaters, or excitingfields are not required to be evaluated when
their current-carrying area does not exceed 25 % of the current-carrying area.of the motor power leads.

Field Wiring Compar{ment for Direct CurI:r?tl?Vlgors Over 279 mm (11 inches) in Diameter
Maximum full-load Minimum dimension’ofifield wiring Minimum usable volume,
current for DC motors compartment epening,
with mli);i:;l:m of6 mm (inches) cubic inches (cmd)
0-68 64 (2.5) 425 (26)
69 — 105 84 (3.3) 900 (55)
106 — 165 102 (4.0) 1640 (100)
166 — 240 127 (5.0) 2950 (180)
241 -375 152 (6.0) 5410 (330)
376 —600 178 (7.0) 9840 (600)
601-900 203 (8.0) 18040 (1100)
@ Aucxiliary leads for such items as brakes, thermostats, space heaters, or exciting fields are not required to be evaluated when
their current-carrying area does not exceed 25 % of the current-carrying area of the motor power leads.

65
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Minimum* Size of TerminaraBglfelgfor Insulated Terminations
Voltaget Maximum full Minimum* usable | minimum* usable Minimum Minimum
load current, volume, volume, dimension, centerline
distancef,
Ampere cm® (in%) mm (in) mm (in)
2400 160 2950 (180.009) 125 (4.925) -
250 5400 (329.508) 150 (5.91) -
400 9800 (597.996) 180 (7.092) -
600 18 000 (1098.36) 205(8.077) 320 (12.608)
900§ 32-866 (200445 205+(8-07F) 326-(+2-668Y
1 50(?% 64 500 (3935.79) 355 (13.987) 510 (20.094)
4200 160 32800 (2001.45) 205 (8.077) 320 (12608)
700 91 800 (5601.63) 355 (13.987) 410¢(16:154)
1000 131 000 (7993.62) 405 (15.957) 510)(20.094)
1500 176 000 (10739.52) 510 (20.094) 635 (25.019)
2000, 220000 (13424.4) 560 (22.064) 635 (25.019)
7 200 260 91 800 (5601.63) 355 (13.987) 510 (20.094)
680 131 000 (7993.62) 405 (45.957) 635 (25.019)
1000 154 000 (9397.08) 460118.124) 635 (25.019)
1500 190 000 (11593.8) 510 (20.094) 635 (25.019)
2000, 235000 (14339.7) 560 (22.064) 720 (28.368)
12 000** 250 505 000 (30815.1) 560 (22.064) 635 (25.019)
680 600 000 (36612) 635 (25.019) 720 (28.368)
100 720 000 (43934.4) 700 (27.58) 720 (28.368)
150 826 000 (50402.52) 700 (27.58) 720 (28.368)
200 925 000 (56443.5) 700 (27.58) 820 (32.308)
13 800** 400 720 000 (43934.4) 560 (22.064) 720 (28.368)
900 826.000 (50402.52) 635 (25.019) 820 (32.308)
150 925,000 (56443.5) 700 (27.58) 820 (32.308)
200 1025 000 (62545.5) 780 (30.732) 820 (32.308)
18 000** 500 1066 000 (65047.32) 635 (25.019) 820 (32.308)
850 1200 000 (73224) 700 (27.58) 950 (37.43)
130 1325000 (80854-5) 780430-732) 9503743}
23 000 500 1700 780 (103781.5956) 780 (30.732) 950 (37.43)
1000 2064 000 (125945.28) 860 (33.884) 1100 (43.34)
1500 2400 000 (146448) 950 (37.43) 1100 (43.34)
28 000 500 2400 000 (146448) 950 (37.43) 1100 (43.34)
1000 2900 000 (176958) 1050 (41.37) 1250 (49.25)
1500 3500 000 (213570) 1150 (45.31) 1250 (49.25)
34 000 500 2900 000 (176958) 1050 (41.37) 1250 (49.25)

* The minimum size of terminal boxes containing surge capacitors, surge arresters, current transformers, or potential transformers
shall be determined on the basis of individual consideration.

1 For 750 V and less see Table 2.

Table 19 Continued on Next Page
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Table 19 Continued

Voltaget

Maximum full
load current,

Ampere

Minimum* usable
volume,

cm?®

minimum* usable
volume,

(in%)

Minimum

dimension,

mm (in)

Minimum
centerline
distancef,

mm (in)

T Minimum distance from the entrance plate for the conduit entrance to the centerline of the motor leads.

§ Starting inrush currents can require leads be supported to limit their movement.

**Terminal boxes at these voltages can require supported cable.

Table 20
Class |, Group C andl D Locations Dimensions of Joints in Swivel-Type Conduit Fittings
Minimum total width Minimum width of Maximum clearance Minimum width of Maximum diamefrical
of joint, clgmped radial at radial section, axial section, clearance at axial
section, section,
mm (inch) mm (inch) mm (inch) mm (inch) mm (inch)
9.5 (3/8)7 3.2 (1/8) 0.038 (0.0015) 6.4 (1/4) 0.08 (0.003)
12.7 (1/2)2 3.2(1/8) 0.038 (0.0015) 9.5 (3/8) 0.10 (0.004)
9.5 (3/8)° - - 9.5 (3/8) 0.08 (0.003)

Notes:

& This is the rabbet joint between
® This is the joint between the hol

he fitting and the machined joint surfaces at the lead wire(seal of the motor.
e in the fitting and the unthreaded portion of the screw that secures the fitting to the motor.

Class Il Locations Dimensions of Joints in Swivel-Type Conduit Fittings

Table 21

Minimum total width Minimum width of Maximum clearance Minimum width of Maximum diametrical
of joint, clgmped radial at radial section, axial section, clearance at axial
section, section,
mm (inch) mm (inch) mm (inch) mm (inch) mm (inch)
4.8 (3/16)? 1.2 (3/64) 0.05 (0.002) 1.2 (3/64) 0.10 (0.004)
6.4 (1/4)? 1.2 (3/64) 0.08 (0.003) 1.2 (3/64) 0.15 (0.006)
4.8 (3/16)° - - 4.8 (3/16) 0.05 (0.002)
6.4 (1/4)° — - 6.4 (1/4) 0.08 (0.003)

Notes:

2 This is the rabbet joint between

thefittimgand-the Tmachined joint surfaces at the tead wire seatof themotor:

® This is the joint between the hole in the fitting and the unthreaded portion of the screw that secures the fitting to the motor.

Table 22

Minimum Spacings for Cord-Connected Motors Rated 0 — 600 V Maximum

Minimum Spacing, mm (inch)

Parts involved Through air Over surface
Betwegn unlnsyl_ated live parts of 4.8 (3/16) 4.8 (3/16)
opposite polarity;

Table 22 Continued on Next Page
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Table 22 Continued

Minimum Spacing, mm (inch)

Parts involved Through air Over surface

Between any uninsulated live part and
grounded metal part other than the
enclosure; or

Between any uninsulated live part and
exposed metal part which is isolated
(insulated).

Between any uninsulated live part and 6.4 (1/4) 6.4 (1/4)
the walls of a metal enclosure.

Table 23
Class |l Locations Maximum External Surface Temperature
Class Il, Group Under all operating conditions
E 200 °C (392 °F)
F 200 °C (392 °F)
G 165 °C (329.5F)

@ See tests with moist-dust blankef — Class Il, Group G locations in 32.10.

Table 24
Spacings at Field-Wiring Terminals

Potential involved, Minimum spacing, mm (inch)
(volts) Between wiring terminals Between terminal and other un-insulated metal

parts not always of the same polarity®

Oyer surface Through-air Over surface Through air

0-250 g.4 (0.250) 6.4'(0.250) 6.4 (0.250) 6.4 (0.250)

251 -600 9.5 (0.375) 95 (0.375) 9.5(0.375) 9.5 (0.375)

601 —1000 9.5 (0.375) 9.5 (0.375) 9.5 (0.375) 9.5 (0.375)
1001 — 1500 19.0 (0.750) 19.0 (0.750) 19.0 (0.750) 19.0 (0.750)

@ Applies to the sum of the spacings involveg-where an isolated dead metal part is interposed.

Table 25

Spacings at Other Than Field-Wiring Terminals, Pilot-Circuit Temperature-Limiting Devices, or
Motor-Circuit Temperature-Limiting Devices

Potential Parts involved Minimum spacings, mm (inch)
involved, (volts) Motor diameter Motor diameter
178 mm (7 inch) or less more than 178 mm (7 inch)?
Over surface Through air Over surface Through air
0-125 » Commutator or 1.6 (0.062) 1.6 (0.062) 4.8(0.187)° 3.2(0.125)°
collector rings of a
motor.
* Elsewhere in 2.4 (0.094)° 2.4 (0.094)° 6.4 (0.250)°¢ 3.2 (0.125)>4
motor.

Table 25 Continued on Next Page
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Table 25 Continued

Potential
involved, (volts)

Parts involved

Minimum spacings, mm (inch)

Motor diameter
more than 178 mm (7 inch)?

Motor diameter
178 mm (7 inch) or less

Over surface Through air Over surface Through air

126 — 250

« Commutator or
collector rings of a
motor.

* Elsewhere in
motor.

1.6 (0.062) 1.6 (0.062) 4.8 (0.187)° 4.8 (0.187)°

2.4 (0.094) 2.4 (0.094) 6.4 (0.250)>4 6.4 (0.250)>¢

251-600

» Commutator or

6.4 (0.250) 6.4 (0.250) 9.5 (0.375) 6.4 (0.250)

collector ripgs;amd
live parts of the
brush riggifg, of a
motor.

* Elsewherg¢
motor.

n

6.4 (0.250)° 6.4 (0.250)¢ 9.5 (0.375)%f 9.5,(0:375)%f

601 -1000

» Commutator or
collector rirjgs, and
live parts of the
brush rigging, of a
motor.

* Elsewherg¢
motor.

n

9.5 (0.375) 12.7 (0.500)

9.5(0.375) 12.7 (0.500)

1001 - 1500

» Commutgtor or
collector rirjgs, and
live parts of the
brush rigging, of a
motor.

* Elsewherg¢
motor.

n

19.0 (0.750) 34.9 (1.375)

19.0 (0.750) 34.9 (1.375)

2@ This is the diameter, measured
boxes, and the like, used solely fq

b Spacings of not less than 2.4 m
¢ For a motor rated 1/3 horsepow!

4 Film-coated wire is considered t
surface and through air, between
acceptable.

¢ Through air spacings involving

fSpacings not less than 6.4 mm (
(2) between parts in different sub

1) Aterminal board not i

htended for field wiring;

n (3/32 inch) are acceptable throughout a universal motor.

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

br (0.249 kW) or less, these spacings may be not less than 1.6 mm (1/16 inch).

In the plane of the laminations, of the.¢ircle circumscribing the stator frame, excluding lugs, fins,
r motor mounting, cooling, assembly) or connection.

b be an uninsulated live'part. However, a spacing of not less than 2.4 mm (3/32 inch), over
film-coated wire, rigidly'supported and held in place on a coil, and a dead metal part is

[1/4 inch) are'acceptable between live parts and dead metal parts (1) within a subassembly, and
hssemblies, of the following types only:

3) A starting relay; and

4) A capacitor.

This applies only to subassemblies mounted on or inside a motor.

2) Centrifugally operated (1) starting, (2) auxiliary, and (3) interlock switches;
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Table 26
Minimum Spacings for Bare Live Parts Over 1500 V
Parts involved Minimum spacings, mm (in)
Between bare live parts of Between bare live parts and | Between bare live parts and
opposite polarity non-current carrying metal removable metal
enclosures
Maximum Through air Over Through air Over Through air Over
volts surface surface surface

2400 25 (0.985) 50 (1.97) 25 (0.985) 50 (1.97) 25 (0.985) 50 (1.97)

4 200 50 (1.97) 88 (3.467) 50 (1.97) 88 (3.467) 50 (1.97) 88 (3.467)

7 200 100 (3.94) 125 (4.925) 100 (3.94) 125 (4.925 100 (3.94) 125 (4.925

Wiring 12 000 125 (4.925) 160 (6.30) 125 (4.925) 160 (6.30) 125 (4.925) 160 (6.30)
terminals for 13 800 150 (5.91) 200 (7.88) 150 (5.91) 200 (7.88) 150 (5.91) 200 (7.88)

installer 18 000 175 (6.895) | 250 (9.85) 175(6.895) | 250 (9.85) 175(6.895) | 250 (9/85)
23 000 305 (12.02) 460 (18.12) 305 (12.02) 460 (18.12) 305 (12.02) 460 (18.12)

28 000 405 (15.96) 620 (24.43) 405 (15.96) 620 (24.43) 405 (15.96) 620 (24.43)

34 000 455 (17.93) 690 (27.19) 455 (17.93) 690 (27.19) 455 (17.93) 690 (27.19)

* Spacings shall be measured with cable connectors in place.
Notes:

(1) The above spacings apply to rigid constructions in which spacings will not be reduced by more than 10 % by mechanical or
electrical stresses when the mach|ne is energized.

(2) These clearances are for maclhines operating at altitudes not exceeding 1000 m (3281ft). For each 300 m (984 ft) rise in
altitude in excess of 1000 m (3281 ft), add 3 % to the tabulated spacings.

(3) For line to neutral only, use thelmaximum voltage divided by 3 for each entry in-this table.

(4) For 1500 V and less, see Tablg 24 and Table 25.

(5) The clearances in this table mgy be reduced through the use of insulating/barriers, provided that proof of performance is
substantiated by dielectric tests.

Table 27
Minimum Acceptable-Spacings at Capacitor Terminals

Motor rating, Expansion.spacing, Electrical spacing?, Total spacing?,
V) mm{(inch) mm (inch) mm (inch)
0-300 12.7 (1/2) 1.6 (1/16) 14.3 (9/16)
301 -600 12.7 (1/2) 3.2 (1/8) 15.9 (5/8)
2 An insulating liner or barrier as mentioned in 27.1.9 may be Used in lieu of the required electrical spacing, NOWever, atleast 12.7 |

mm (0.50 inch) expansion spacing shall be provided.
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Table 28
Spacings at Motor-Circuit and Pilot-Circuit Temperature-Limiting Devices
Minimum spacings, mm (inch)
Not larger than 0.25 kW (1/3 Larger than 0.25 kW (1/3 Larger than 0.75 kW (1
horsepower) horsepower) but not larger horsepower)
than 0.75 kW (1
horsepower)
Through air Over Through air Over Through air Over
Parts involved and voltagea surface surface surface
A. Between an uninsulated live
part and uninsulated live part of
opposite polarity or an exposed
dead metal part other than the
enclosure:
0-150 volts 1.6 (1/16) 1.6 (1/16) 1.6 (1/16) 2.4 (3/32) 3.2 (1/8) 6.4 (H4)
151 - 300 volts 1.6 (1/16 2.4 (3/32) 1.6 (1/16) 2.4 (3/32) 6.4 (1/4) 6.4(1/4)
301 - 600 volts 3.2(1/8) 6.4 (1/4) 3.2(1/8) 6.4 (1/4) 6.4 (1/4) 6.4 (1/4)
B. Between an uninsulated live
part and the enclosure, if of
other than sheet metal:
0-150 volts 1.6 (1/16) 1.6 (1/16) 1.6 (1/16) 2.4 (3/32) 12.7 (1/4) 12.7 (1/4)
151 -300 1.6 (1/16) 2.4 (3/32) 1.6 (1/16) 2.4 (3/32) 12.7 (1/4) 12.7 (1/4)
301 —600 volts 3.2(1/8) 6.4 (1/4) 3.2 (1/8) 6.4 (1/4) 12.7 (1/4) 12.7 (1/4)
C. Between an uninsulated live
part and a sheet-metal
enclosure, including a cap or
cover:
0-300 volts 3.2(1/8) 6.4 (1/4) 3.2 (1/8) 6.4 (1/4) 12.7 (1/4) 12.7 (1/4)
301 -600 6.4 (1/4) 9.5 (1/4) 6.4 (1/4) 9.5(1/4) 12.7 (1/4) 12.7 (1/4)
2 The voltage specified is that of the motor-circuit or the pilot-circuit temperature-limiting device.
Table 29
Voltage for Tests
Voltage ratind of motor?, Test potential®,
(Volts) (Volts)
110 — 120 ac 120 ac
208 ac 208 ac
220-240 ac 240 ac
265 -277 ac 277 ac
440 —-480 ac 480 ac
550 - 600 ac 600 ac
110-125dc 125dc
220 -250dc 250dc
2 If the rating of the motor does not fall within any of the specified voltage ranges or is more than 600 V, it shall be tested at 100 —
105 % of its rated voltage.
® These test potentials are based on a 60 Hertz supply. If the rating of the motor is other than 60 Hertz, the test potential shall be
rated voltage at that frequency.
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Table 30
Temperature tests
Type of Normal Running overload | Running overload to Single phasing
Hazardous Power temperature | temperature burnout Locked rotor 72-Hour locked rotor
locations | source ':2\':;23 -A [pb | 1A [pD|{mMD| 1A [DD|{MD]| 1A |[DD|[MD|[1A [ DD | MD| 1-oA | DD | MmD
Class I, Sinewave None X X
Groups C In Motor Circuit| X X X X
and D
In Control X X X X
Circuit
Inverter None X X
In Control X X X
Circuit
Class I, Sinewave INone X X X
Groups E In Moor Gircuit| X X X X X
and F
In Control X X X X X
Qircuit
Inverter INone X X X
In Control X X X X
Circuit
Class I, Sinewave INone X X X
Group G In Mokor Gircuit| X X X X X
In Control X X X X X
Circuit
Inverter INone X X X
In Control X X X X
Qircuit
I-A = In Air
D-D = Dry Dust
M-D = Moist Dust
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Table 31
Gas-Air Mixtures for Maximum Pressure Tests

Class | Percen_tagfe With motor running With motor at standstill

Group, Test gas of gas in air Location of Number of Location of ignition Number of
(testrange) ignition at ignitions at ignition

B Hydrogen 15-35 Drive End 10 Drive End 10

Non-Drive End 10 Non-Drive End 10

C Ethylene 4-9 Drive End 10 Drive End 10

Non-Drive End 10 Non-Drive End 10

D Propane 3-7 Drive End 10 Drive End 10

Non-Drive End 0 Non-Drive End 1Y)

Note: To determine the maximum|
end, or both ends, at the discretig

pressure effects, the location of pressure monitoring could be at the drive-end, the non-drive=

n of the testing body.

Gas-Air Mixtures for Flame Propaga-tri%tr)il?rggts Joints Enlarged by a Factor.of1.5
With motor at standstill
Class |, Group Tept gas Pe"ce";tnag:_ of g Location of ignition.at Number of ignitions

B Hygirogen 27 +1 Drive End 5
None-Drive End 5

C Ethylene 6.5+0.5 DriveEnd 5
Non-Drive End 5

D Prppane 4.2+0.1 Drive End 5
None-Drive End 5

Note: Alternatively, in lieu of enla

ging the joints with a factor 1.5, the test mixtures in accordance with Table 33 may be used.

Table 33

Gas-Air Mixtures for Flame Propagation Tests Without Factor Applied to Joints

Class I, Group Tes{gas Percentage of gas in With motor at standstill
air Location of ignition at Number of ignitions
Hydrogen 40 +1 Drive End 5
B None-Drive End 5
Oxylgen 9541

C Hydrogen 37 +1 Drive End 5
None-Drive End 5

D Hydrogen 55 +1 Drive End 5
None-Drive End 5

Note: Alternatively, in lieu of using hydrogen/air mixtures with an inherent factor 1.5, the test mixtures in accordance with Table 32
and with the joints enlarged by a factor of 1.5 may be used.
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Table 34
Lengths of Rigid Metal Conduit for Explosion Pressure Tests on Terminal Boxes

Conduit trade size, Class |. Grou Length of conduit,
mm (in) ’ p m (ft)
Less than 60.3 (2) B,C 1.5 (5)
3.0 (10)
4.5(15)
Less than 60.3 (2) D 0.6 (2)

Notes:
1) Notwithstanding Table 31 — Explosion Pressure Tests, the number of ignitions shall be 10 for each length of conduit.

2) Lengths of conduit may be omitfed in the Flame Propagation Tests.

3) Notwithstanding Table 32 and Tpble 33 — Flame Propagation Tests, the total number of ignitions shall be 5.

Table 35
Class | Locations Safpty Factors for Over-Pressure Tests to Determine the Strength of an
Enclosure
Enclosure or part material Safety factor for over-pressure test

Cast M¢tal 4
Fabricated Steel 32
Bolt 3

@ The enclosure shall withstand a hydrostatic pressure of at least twice the maximum reguired pressure without permanent

distortion and at least three times the maximum required pressure without rupture.

Table 36
Test factors to increase pressure or joint test gap
Group B Group' C Group D Minimum Number of

Temperature up to °C | 27.5%H, 7.5 % C,H, 37%H, 55% H, Tests®

60* 1.00 1.00 1.00 5

70 1.1 1.04 1.05 5

80 1.13 1.05 1.06 5

90 1.15 1.06 1.07 5

100 1.16 1.06 1.08 5

110 118 1.07 1.09 5

120 120 108 140 5

130 1.22 1.09 1.1 5
2 The tests are carried out five times with each test mixture. For equipment intended for Group B, only the test with the hydrogen-
air mixtures is required.
* 65 °C in Canada
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