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FOREWORD

A. This Standard contains basic requirements for products covered by Underwriters
Laboratories Inc. (UL) under its Follow-Up Service for this category within the
limitations given below and in the Scope section of this Standard. These requirements
are based upon sound engineering principles, research, records of tests and field
experience, and an appreciation of the problems of manufacture, installation, and use
derived from consultation with and information obtained from manufacturers, users,
inspection authorities, and others having specialized experience. They are subject to

B. The observance of the requirements of this Standard by a manufacturer iS.one
the conditions of the continued coverage of the manufacturer's product,

¢. A product which complies with the text of this Standard will not necessarily b
judged to comply with the Standard if, when examined and tested, it is found to hav
ther features which impair the level of safety contemplated by-these requirement

(@)
J7Mm O

. A product employing materials or having forms of construction which conflict Wijjh
pecific requirements of the Standard cannot be judged,to’comply with the Standargl.
product employing materials or having forms of censtruction not addressed by th{s
tandard may be examined and tested accordingyto the intent of the requiremen
nd, if found to meet the intent of this Standard, may be judged to comply with th
tandard.

N> u g
"

[¢)

. UL, in performing its functions in accordance with its objectives, does not assume
r undertake to discharge any responsibility of the manufacturer or any other party.
he opinions and findings of UL represent its professional judgment given with due
nsideration to the necessarylimitations of practical operation and state of the aft
the time the Standard is processed. UL shall not be responsible to anyone for the
e of or reliance upon,this Standard by anyone. UL shall not incur any obligation ¢r
bility for damages,ineluding consequential damages, arising out of or in connectign
ith the use, interpretation of or reliance upon this Standard.

Many tests required by the Standards of UL are inherently hazardous and
dequaté safeguards for personnel and property shall be employed in conducting
ch tests.
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INTRODUCTION

1 Scope

1.1 These requirements cover engine-cranking motors, outdrive-tilt motors, power trim-tab motors, generators,
and alternators rated less than 50 volts direct current.

1.2 The products covered by these requirements are intended for installation and use in accordance with the
applicable requirements of the Standard for Fire Protection of Pleasure and Commercial Motor Craft, NFPA
302, or the United States Coast Guard.

1.3 The requirements also cover components, such as cranking motor solenoids, generator or alternator

voltage regulatorsandconnecting-wiringprovided-by-theproductmanufactorer—

1.4 These reg
spaces requ
ignition-prote

1.5 A product
those covereg
persons shal
required to ma
features, cha
of this Standa
proposed an
implementatic

2 Glossary
2.1 For the pu

2.2 CRANKIN
to turn the en

2.3 FULLY G

a) The full chargetspecific gravity specified by the manufacturer; and

b) The maximum liquid level.

2.4 IGNITION

uirements cover nonignition-protected components that are intended to be(moun
ring ignition-protected equipment and are marked accordingly [see 18.1(e)
ted components.

that contains features, characteristics, components, materials, or systems new or
by the requirements in this Standard, and that involves a risk.of fire, electric sho

intain the level of safety as originally anticipated by the intent of this Standard. A g
acteristics, components, materials, or systems conflict with specific requirements
rd is not judged to comply with this Standard. Where appropriate, revision of req

d adopted in conformance with the methods>employed for development,
n of this Standard.

rpose of this standard, the following definitions apply.

G MOTOR (STARTER) —-AChigh torque motor integrally mounted on the engine
jine over at a rotational speed sufficient for starting purposes.

HARGED (BATTERY) — A condition resulting when the electrolyte of a battery is

-PROTECTED PRODUCT — A product constructed so that:

ted outside of

|. as well as

different from
Ck, or injury to

be evaluated using the appropriate additional componentyand end-product requirements as

roduct whose
or provisions
uirements are
revision, and

and intended

a) A flammable hydrocarbon mixture surrounding it is not ignited if a normally occurring electrical arc,
spark, or heat source ignites the flammable hydrocarbon mixture inside the product;

b) The electrical arc, spark, or heat source has insufficient energy to ignite the flammable mixture; or
¢) The source of ignition is hermetically sealed from the surrounding mixture.
An ignition-protected product does not necessarily comply with the requirements for an explosion-proof product

as applied to U.S. Coast Guard inspected vessels or as defined by the National Electrical Code, ANSI/NFPA
70-1996, Errata Note No. 1.
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2.5 OUTDRIVE-TILT MOTOR — A high torque motor used in conjunction with a worm gear, hydraulic pump,
or other power converting mechanism to change the angle of trim of a boat by changing the tilt of the marine
outdrive assembly.

2.6 POWER TRIM-TAB MOTOR — A high torque motor used in conjunction with a worm gear, hydraulic pump,
or other power converting mechanism to change the angle of external trim tabs so as to change the fore and
aft trim of a boat.

3 General

3.1 Units of measurement

3.1.1 If a valye-formeastrementis-foltowedbyavattetmrotherunitsinparentiresesthefirst

the requiremg
3.2 Compon
3.2.1 Except
requirements
in the product

3.2.2 A comy

a) In

nt.

ents

as indicated in 3.2.2, a component of a product covered by this standard shall cq
or that component. See Appendix A for a list of standards covering components ¢
s covered by this standard.

onent is not required to comply with a specific requirement that:

olves a feature or characteristic not required in the application of the component

covetled by this standard; or

b) Is

3.2.3 A con
conditions of

superseded by a requirement in this standard.

ponent shall be used in accordance“with its recognized rating established fo
Ise.

3.2.4 Specific components are recognized as being incomplete in construction features o

performance ¢
temperatures

apabilities. Such components are intended for use only under limited conditions, s

they have beg¢n recognized.

CONSTRUC]

4 Frame and

[ION
Enclosure

t.shall be formed and assembled to have the strength and rigidity necessary to

stated value is

mply with the
enerally used

in the product

the intended

r restricted in
Lich as certain

hot exceeding specified limits, and shall be used only under those specific conditions for which

withstand the

4.1 A produg

aetad crieh Ao

stresses to wi

a) A

hich i+ v Iha o N
ooy DSt Ctct—Sut™s:

stalled rotor condition;

b) Application of 125 percent of rated input voltage;

c¢) Vibration;

d) Mechanical shock; and

e) Inthe case of generators, alternators, and starting motors that are integrally attached to the engine
block, their use as a step.
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4.2 Aremovable band or cover that forms part of an ignition-protected enclosure shall be constructed to permit
its removal and replacement in the field with standard American or metric wrenches or screwdrivers, without

rendering the

ignition-protected construction ineffective.

4.3 An external edge, projection, or corner shall not be sufficiently sharp to constitute a risk of injury to persons

in normal use

and maintenance of the product.

4.4 The intended method of mounting shall permit the product or accessory to be reinstalled after removal for
servicing so that it will maintain a fixed relationship to the prime mover or other structure to which it is secured
when subjected to the vibration and shock loads encountered in normal marine service. See Vibration Test,
Section 10, and Shock Test, Section 11.

5 Protection

5.1 Aniron o
means. See {

Exception: Th
and washers,

5.2 The thickr
6 Insulating

6.1 A materia]
or other mate]

6.2 Vulcaniz
sole support

6.3 Athermoplastic material may be used for the sole support of uninsulated current-carrying p

the material:
a) ls
b) C

6.4 Thermopl

for the sole slipport of tininsulated current-carrying parts if:

A H o H
AYAITTIoSt CUTTUSTUTI

Ir steel part shall be protected against corrosion by enameling, galvanizing{.-or-ot
balt-Spray Corrosion Test, Section 16.

is requirement does not apply to bearings or laminations, or to parts,*such as m3
that are not necessary for the product to perform its intended function.

ess of a sheet steel and cast iron part is to be considered when judging resistancs
Material

used for mounting an uninsulated current-carrying part shall be porcelain, phenolig
Fial acceptable for a marine environment.

d fiber may be used for insulating bushings, washers, separators, and barriers,
f uninsulated current-carrying parts.

a type previously investigated and found acceptable for the application; or
bmplies with the-reguirements in 6.4.

hstic materiahnot previously investigated and found acceptable for the application

ner equivalent

\chine screws

e to corrosion.

composition,

but not for the

arts, provided

may be used

5 no cracking,

a) Ar

examination of the product following the tests described in Sections 10 — 15 reveal

athoardoaradation o tha Avtant that thn AnAaratinns ~Ff thhn e~

dIStO s Ay

o lnmn
o O ot ot gratat o toO—thiT exentthatthe TptiatorToTtiT IJIUULJ\JI. 1S BRI Sieal)

saired:
;

b) Following continuous exposure for 500 hours in an air oven maintained at a temperature of 10E—
15EC (18E — 27EF) above the maximum temperature obtained on the material during the Operation
Temperature Test, Section 12, an examination of the material reveals no cracking, distortion, or other
degradation to the extent that the operation of the product is impaired;
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¢) The product complies with the requirements in Stray Current Leakage Test, Section 13, following
the conditioning specified in (b); and

d) The material is classed 94V-2 or less flammable in accordance with the Standard for Tests for
Flammability of Plastic Materials for Parts in Devices and Appliances, UL 94.

6.5 A small molded part, such as a brush cap, shall have the mechanical strength and rigidity necessary to
withstand the stresses of actual service, without cracking, distortion, or other degradation to the extent that the
operation of the product is impaired. Brush caps shall be secured or located so that they are protected from

mechanical d

amage.

ELECTRICAL ASSEMBLY

7 General

7.1 A crankirn
block as the
integrally mo

g motor, generator, or diode-rectified alternator may be of the grounded type us

Linted on the engine shall have all electrical circuits insulated from_the housing

provisions with materials acceptable for use in damp locations.

7.2 An extern
accumulation

7.3 An extern

bl terminal shall be located to permit the intended field connection to be made and
of water. Also, see 18.3.

bl electrical conductor provided as an integral partofthe product shall be strande

minimum insyilated wire size shall be No. 16 AWG (1.3 mm2) for single wires, and No. 18 AW,

for multiple w

Exception No.

res in a common jacket, sheath, or bundle.

1: Short lengths of solid copper may be.used for high current applications, such a

cranking mot@r and cranking motor solenoid, if:

a) The terminations are immediately adjacent to each other; and

b) R

Except|on Ng.
(0.82 mm ) W

7.4 The insuld
rated 75EC (1

blative movement is not possible between the terminations.

2: A pigtail conpéction less than 7 inches (178 mm) in exposed length may bg
re.
tion on external wiring shall be acceptable for use in damp or wet locations, resist
67EF) minimum.

7. 5 A _gener.

ng the engine

ground return conductor. A voltage regulator, reverse current relay; of other accessory not

and mounting

to prevent the

H copper. The
G (0.82 mm )

5 between the

No. 18 AWG

ant to oil, and

ilator that will

htoror diode-rectified alternator shall be constructed for use with a voltage reg

dd acid battery

fully charged at 25 +2EC (77 +4EF) ora voItage regulator that can be adjusted toa value between 2.15and

2.4 volts. See

19.1(d).

7.6 A generator or diode-rectified alternator shall be constructed for continuous operation at rated output in
an ambient temperature of 60EC (140EF).

7.7 Internal wiring, other than coil windings, shall be stranded copper acceptable for the application. The
insulation on internal wiring shall be rated for a temperature of 75EC (167EF) or higher.
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PERFORMANCE

8 General

8.1 The same test sample shall be subjected to the tests described in Sections 10 — 13 and 15 in the order
presented. All other tests may be conducted on separate samples.

9 Cold Test

9.1 External wiring, such as a pigtail connection or a wiring harness to a voltage regulator, shall not exhibit

cracks in the insulation when tested as described in 9.2.

9.2 The wiri is-tobeconditioned-mracotdchambermaintained-atminus25+2E€ (Illillub 33 i4EF) for not

less than 2 hoprrs. Immediately following the conditioning, the wiring or harness is to be woung.at

A uniform rate

of approximately 10 seconds per turn for six complete turns, with adjacent turns touching,‘onto a mandrel that
has been codled to the same temperature as the wire being tested. The diameter of-the*'mandrel is to be as

specified in Table 9.1.

Table 9.1
Mandrel diameters

Wire size,a Mandrel diameter,b

AWG (mm2) IAches (mm)
1B (0.82) 0.313 (7.05)
16 (1.3) 0.313 (7.05)
i (2.1) 0.313 (7.05)
1p (3.3) 0.375 (9B3)
1 (5.3) 0.563 (14130)
(824) 0.688 (17]48)

(13.3) 1.250 (31}75)

) (21.2) 1.375 (34193)
(33.6) 1.563 (3970)

(42.4) 2.688 (68]28)

a For a wiring hgrness, the'mandrel diameter is to be based on the largest wire size.

10 Vibration Test

10.1 A product, together with any accessories, shall withstand the test described in 10.2 — 10.7 without
development of a malfunction that would impair intended operation.
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10.2 The product is to be mounted on the vibration machine to simulate an intended installation. Any mounting
hardware provided by the manufacturer is to be used for this test. If alternate methods of mounting can be used,
the test is to be conducted with the method that produces the highest stress levels. If the manufacturer provides
alternate mounting brackets, the test is to be repeated with each of the mounting brackets. The sample need
not be operational during the test, but is to be tested in accordance with 10.7 after the vibration in each axis.

10.3 Wiring installed to permit operation of a motor-operated product during this test is to be stranded copper
of a size and construction acceptable for the current and voltage rating of the product. Wiring is to be installed
to simulate intended installation, with slack but without loops. The wiring is to be secured to the vibration table
or test fixture during this test.

10.4 A product intended to be mounted on an engine (such as an alternator, generator, cranking motor, trim

motor, or tilt
coincident with
the shaft, and
in each axis
frequency of v

10.5 A produ
the peak-to-p
4 hours in ea

10.6 For thes
(total displace

10.7 Atthe er]
a no-load con

11 Shock T4

IIUtUI), ;D tU bC aubjcutcu‘ tU A VClI;OlIIJ:C flcqucnby vi'ulatiun Q:UI Ig t:IICC AATS, t:l
the motor, alternator, or generator shaft, the second is to be a horizontal axis,pe
the third is to be a vertical axis perpendicular to the shaft. The product is to betibrat
(total of 24 hours) at a peak-to-peak amplitude of 0.040 +0.001 inch+(1.02 +0
bration is to be continuously varied, at a uniform rate, from 10 to 60 to 20'hertz ev

t not intended to be mounted on an engine is to be tested in agcordance with 10
pak amplitude is to be 0.020 +0.001 inch (0.51 +0.03 mm) and.the sample is to |
h axis (total of 12 hours).

e tests, peak-to-peak amplitude is defined as the maximum displacement of sind
ment).

d of each 8- or 4-hour test period, a motor is todbe energized at rated voltage and o
dition for 5 seconds. The motor shall operate as intended.

st

11.1 A prodd
normal operat
of the electric

11.2 The sa
in turn, isto b

ct shall withstand 5000 shock impacts without development of a malfunction tha
| spacings provided.

ple used in the Vibration Test, Section 10, is to be mounted as intended in a rigid tg
mounted on atest table. The assembly is then to be subjected to 5000 shock

ion, unacceptable damage {0 the mounting means, displacement of componentsg,

e first is to be
rpendicular to
ed for 8 hours
03 mm). The
bry 4 minutes.

4, except that

e vibrated for

soidal motion

perated under

would impair

or reduction

st fixture that,
mpacts, each

having a 10 g (98 m/s ) peak.acceleration and a 20- to 25-millisecond duration as measured at the base of the

half-sine shoq

11.3 The ma

k envelope.“The test sample need not be operational during this test.

hinesused for this test is to be of the automatic cycling type producing a half-sin

e shock pulse
be measured

at the specifiefl.acceleration level and duration. The acceleratlon and shock pulse duration are to
by a piezoelect i i

AXis of motion.

11.4 The sample is to be mounted so that its center of gravity is as close as possible to the geometric center
of the machine platform. Wiring installed to permit operation of the product during this test is to be in
accordance with 10.3.
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11.5 Atthe end of the test, a motor is to be energized at rated voltage and operated under a no-load condition

for 5 seconds

. The motor shall operate as intended.

12 Operation Temperature Test

12.1 A generator, diode-rectified alternator, tilt motor, or trim motor, and any associated accessories, when
tested under the conditions described in 12.2 — 12.5, shall not:

a) Emit flame, molten metal, flaming or glowing particles, or flaming drops;

b) Experience temperature rises at specific points greater than the applicable value specified in Table

12.1,

except as noted in 12.6; and

c) E

perience temperatures on any exposed exterior surface in excess of 150EC (302

EF).

12.2 A generator or diode-rectified alternator is to be mounted on either a marine engine'or a fest stand with

a prime move
product as sp

having the necessary horsepower and rotational speed to simulate thé.operationg
ecified by the manufacturer.

12.3 A gene

per minute apd at the maximum recommended rotational speed, whilecdelivering maximum (¢

speed. Additi

voltage is to pbe measured at the output terminals. Thermocouples are to be attached to t

stationary win
speed, the g
Temperature
intervals sho
current cutout
an ambient te

12.4 Atrim or
under simulatg
following ope

a) S
positi
unit h

b) Th
contr

ator or diode-rectified alternator is to be tested at cut-in, 1500, 2000, 3000, and 4
al speeds may be used if deemed necessary to establishrthe shape of the output

ings, brush assembly, and to other electrical components, accessories, and conneg
roduct is to be operated until temperatures stabilize, or for 1 hour, whicheve
s are to be considered stable when two successive temperature readings taker
v no increase in temperature. The test is<te 'be conducted with the voltage regu
and other auxiliary equipment specified:for the product in place. The test is to be
mperature of 60 +2EC (140 +4EF).

tilt assembly is to be tested at 60'+2EC (140 +4EF) ambient and at 125 percent of
bd maximum operating load Conditions by subjecting the complete product to 10(
ational sequence, with & 5yminute cool down period between each sequence.

arting from a mid-pesition, the sample is to be operated until it reaches one extre
bn, (bow up or bew-down), and the switch or control held in position for 1 second
as reached its méchanical stop.

e samplethen is to be operated until it reaches the extreme opposite position and
Dl held-in position for 1 second after the drive unit has reached its mechanical std

|| range of the

1000 rotations
utput at each
curve. Output
he enclosure,
tions. At each
r occurs first.
at 15 minute
lator, reverse
conducted at

rated voltage
cycles of the

bme operating
after the drive

the switch or
p.
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Table 12.1
Temperature rises
Materials and components Maximum rise
EC EF
A. MOTORS®
1. Class A insulation on windings of direct-current motors:
a. In open motors:
Thermocouple method 65 117
Resistance method 75 135
b. In fotally enclosed motors:
Thermocouple method 70 126
Resistance method 80 144
2. Class Blinsulation on windings of direct-current motors:
a. In ppen motors:
Thermocouple method 85 153
Resistance method 95 171
b. In fotally enclosed motors:
Thermocouple method 90 162
Resistance method 100 180
B. COMPONENTS
1. Relay, splenoid, transformer, and other coilsa:
a. Class 105 insulation system:
Thermocouple method 65 117
Resistance method 85 153
b. Class 130 insulation system:
Thermocouple/method 85 153
Resistance method 105 189

{Contimuetd)


https://ulnorm.com/api/?name=UL 1112 1997.pdf

SEPTEMBER 5,

1997 MARINE ELECTRIC MOTORS AND GENERATORS — UL 1112

13

Table 12.1 (Cont'd)

Materials and components Maximum rise
EC EF
2. Other components and materials:
a. Fiber used as electrical insulation or bushings 65 117
b. Varnished cloth insulation 65 117
c. Thermoplastic materialb c
d. Phenolic compositionhused as electrical insulation or as parts where deterioration will
impaif product operafion 125 225
e. Fupes 65 117
f. Sedling compound d
C. CONDUCTORS
1. Rubber pr thermoplastic-insulated wires and cordse 35 63
D. GENERAL|
1. At any goint within a terminal box or wiring compartment in which power supply.conductors
are to be cpnnected, including such conductors 35 63

a Ordinarily, coi
thermocouple (fo
mm) of cotton, ¢

of heat, the temp
rise of the call, &

b o
These limitatio

c .
Shall not attair

d )
Shall not attair

e .
Rubber-insulat
a motor may be

the integrally app:led insulation on the conductor. At a point on the surface of a coil where the temperature is affected by a|

or winding temperatures are to be measured by thermocouples. However, if the coil is inaccessibl
example, a coilimmersed in sealing compound) or if the coil*wrap includes thermal insulation or more th
aper, rayon, or similar insulation, the change-in-resistance’method is to be used. The thermocouple is {

rature rise measured by a thermocouple may be 15E€Y{27EF) more than the specified value, provided thal
5 measured by the resistance method, is not more than that specified in the table.

hs do not apply to compounds that have béen investigated and found to be acceptable for higher tempg
a temperature higher than the temperature rating of the material minus 25EC (45EF).
a temperature higher than the melting point of the material minus 40EC (72EF).

d conductors within a Class*A insulated motor, rubber insulated motor leads, and rubber insulated flex
Subjected to a temperature'rise of more than 35EC (63EF), provided a braid is employed on the conduc

e for mounting a
an 1/32 inch (0.8
b be mounted on
h external source
the temperature

ratures.

ble cord entering
or.
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12.5 When determining the temperature by the change-in-resistance method (see note® to Table 12.1), the
windings are to be at room temperature at the start of the test. The temperature of a winding is to be calculated
by using the following equation:

in which:

T Rkwut) sk
r

T is the temperature in degrees C,

Ris

ris th

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

k is 2B4.5 for copper and 225.0 for electrical conductor grade (EC) aluminum. Values 0
(k) fof other grades must be determined.

12.6 If a temperature rise on insulation exceeds a value specified in Table 12.1 or if the insulatior

is not mentior
following:

a) A

oy ) H Iy ol ok il & P L
ICTC3IStAlNtT UT UTT LU At Ui TITU UT UTC TISSU T UTTITIS,

e resistance of the coil at the beginning of the test in ohms

ed in Table 12.1, the acceptability of the insulationnay be determined in accorg

generator or diode-rectified alternator is to be placed in a circulating air oven m

f the constant

system used
ance with the

aintained at a

tempgrature 10EC (18EF) higher than the maximum temperature obtained during the procedure

specified in 12.3 for a continuous period of 500 hours.

b) A
highe
perio

c) Fo

with the requirements in.Stray Current Leakage Test, Section 13.

d) Fd

13 Stray Cu

F than the maximum temperature obtained during the procedure specified in 12.4 fo
i of 500 hours.

llowing the 500 hour aven exposure, and while still in a heated condition, the produg

rent'eakage Test

Hy st Athoay than A Aiada vantifind altarnatay chall vaatheotand tha analhsatian

motor-operated product is to be plaeed in a circulating air oven maintained at a temperature 10EC

a continuous

t shall comply

llowing the testspecified in (c), the product shall operate as intended when energized at rated
voltage under anoe-load condition.

+1
131 A pl’C.auu;, Tttt o ot CTC Ot Ut T atoT, — STt vt St it oo PncaotroTT

of a 500-volt,

direct-current potential between current-carrying parts and noncurrent-carrying ground for 1 minute, during
which time the leakage current shall not exceed:

a) 1 milliampere for a continuously operated product; or

b) 3 milliamperes for an intermittently operated product.

13.2 A diode-rectified alternator shall withstand a direct current potential equal to the peak reverse rating of
the diodes between current-carrying parts and noncurrent-carrying ground for 1 minute, during which time the
leakage current shall not exceed 1 milliampere.
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13.3 The test is to be conducted while the product is still heated following the Operation Temperature Test,
Section 12, except that for an internally grounded product, the test may be conducted on a sample that has
been oven-heated to the maximum temperature obtained in the test described in Section 12, in order to permit
disassembly of the sample to disconnect the grounding means.

13.4 The applied potential is to be increased at a rate of approximately 50 volts per second until the specified
value is reached, and is to be maintained for 1 minute. The potential is then to be reduced to zero at the same
rate at which it was applied.

14 Abnormal Operation Tests

14.1 Overload test

14.1.1 When p product is tested as described in 14.1.2, 14.1.3, or 14.1.4, as applicable, a tempgrature on any
exposed surface, or on a connected mechanism (see 14.1.3), shall not exceed 150EC (302EF).

14.1.2 A mptor provided with thermal protection is to be energized at rated oltage anfl an ambient
temperature ¢f 60 +2EC (140 +4EF) for 72 hours with the rotor locked.

14.1.3 A mgqtor not provided with thermal protection is to be tested in conjunction with the lpad (pump or
mechanism) used in the intended application, at rated voltage and ap~ambient temperaturg of 60 +2EC
(140 £4EF), and using the overcurrent protection recommended by the manufacturer; as follows:

a) The control switch is to be held in the extreme upward.or-downward position for 4 holirs or until the
overdurrent device opens.

b) The overcurrent-protective device then is to be.replaced or reset and the motor is tg be energized
with the rotor locked condition for 4 hours, oruntil the overcurrent-protective device ofens.

14.1.4 A cranking motor is to be tested with the retor locked, at the applicable voltage specified in Figure 14.1,
for 15 seconds.
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Figure 14.1
Cranking motor voltages
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14.2 Mechanieal-strengthtest

14.2.1 A generator, alternator, or cranking motor that may be used as a step after installation shall withstand
a load of 250 pounds-force (1.11 kN) applied to the least-supported surface likely to be used. The load is not
to be applied to collector ring covers, voltage regulators, or other small nonstructural enclosure extensions.
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