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INTRODUCTION

1 Scope

1.1

circuits in accordance with the National Electrical Code, NFPA 70.

1.2 An antenna rotator generally consists of:

These requirements cover antenna rotators intended for household and commercial use on supply

a) A mast-mounted (generally outdoors), motorized drive unit that rotates the antenna to the
desired receiving azimuth,

b) An
unit th

c)Ale
the co

Some antenn
cases, the dri

1.3 The po
Class 2 limita

1.4 These r
receiving patt
Video Produc

2 General

21 Compo

ndoor-located (Usually near television- or radio-Teceiving equipment) USer-o
bt delivers operating power and direction signals to the drive unit, and,

ngth of multiple-conductor Class-2 circuit cable to electrically interconnectt the
ntrol unit.

B rotating units may control antenna elevation separately or. in ‘addition to azi
e unit may be located indoors.

ver used to drive the motor of an antenna rotator-is_derived from a circuit g
ions in accordance with Article 725 of the National Electrical Code, ANSI/NFPA

bquirements do not cover systems that useza stationary antenna and chang
brn by electronic or switching means. Sueh systems are covered by the Stang
s and Accessories, UL 1492.

nents

211 Aco
use. See Ap

by this standqrd.

2.1.2 A conpponentis ot required to comply with a specific requirement that:

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

ponent shall be usediin accordance with its rating established for the intende
ndix A for a list(©f)standards covering components generally used in the prg

erated control

drive unit and

muth. In some

omplying with

\ 70.

B or rotate the
ard for Audio-

d conditions of
ducts covered

ponent in the

b) Is superseded by a requirement in this standard.

213

Specific components are incomplete in construction features or restricted in performance

capabilities. Such components are intended for use only under limited conditions, such as certain
temperatures not exceeding specified limits, and shall be used only under those specific conditions.

2.2 Units of measurement

2.2.1
approximate i

nformation.

Values stated without parentheses are the requirement. Values in parentheses are explanatory or

2.2.2 Alternating-current electrical measurements are in rms units unless otherwise stated.
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2.3 Undated references

2.3.1
be interpreted

3 Glossary

3.1 Forthep

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

urpose of this standard the following definitions apply.

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

3.2 ACCESSIBLE PART — A part located so that it can be contacted by means of a probe. See
Accessibility of Parts, Section 10.

3.3 ADJUST
product capab

3.4 CONTR
(see 1.3), the

3.5 DRIVE {
is intended to

3.6 FIBER-

3.7 INSULA]
basic protectid

3.8 INSULAT
such that it, in
insulation syst

3.9 INSULA
insulation to p|
basic insulatio|

ABLE CONTROL — A control provided for making adjustments necessary
e of performing its intended functions.

DL UNIT — A user-operated, indoor-mounted unit with total outputimited to
brimary function of which is to deliver power to and control a drive unit.

NIT — A mast-mounted (generally outdoors), motorized unit that may be usel
position an antenna and that requires an energy source’Jimited to Class 2 level

\Vulcanized fiber.

[ION, BASIC — The insulation necessary for;the intended functioning of the p
n to reduce the risk of electric shock.

[ION, REINFORCED - An improved basic insulation with mechanical and elec
itself, provides the same degree of protection to reduce the risk of electrig
em comprised of both basic insulation and supplementary insulation.

[ION, SUPPLEMENTARY — An independent insulation provided in additior

n.

ENCLOSURE PART — A part of the enclosure that:

s more.than 50% of any one surface, and

to render the

Class 2 levels

-installed and
5. See 1.3.

oduct and for

trical qualities
shock as an

to the basic

rovide protection to feduce the risk of electric shock in case of electrical breakdown of the

eded’to comply with the requirements to

3.10 MAJOR
a) Forn
b) Is ng
3.1

opening.

1) Reduce the risk of fire, electric shock, or injury to persons, or

2) Reduce the risk of mechanical damage to internal parts.

MINOR DIMENSION OF OPENING — The diameter of the largest sphere that can pass through the

3.12 OPERATING CONTROL - A control, usually a knob, pushbutton, or lever, provided to enable the
user to cause the product to perform its intended function, without the use of tools, when the product is in

normal operati

ng condition.

3.13 ORDINARY TOOLS - Flat-bladed and cross-head screwdrivers, nut-drivers, pliers, and the like.

3.14 POWER-SUPPLY CORD - The cord provided to connect the control unit to the supply circuit.
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3.15 SUPPLY CIRCUIT — The branch circuit supplying electrical energy to the product.

3.16 UNINSULATED PART — A part that is bare (without insulation) or has insulation that is not suitable
for the operating conditions (such as potential and temperature) involved.

3.17 USER SERVICING - User servicing includes:
a) Fuse — Replacement of a fuse other than:
1) A fuse intended to be soldered in place.
2) A fuse not readily perceptible to the user. A fuse is not readily perceptible if it is located

ithi h H rt t | ithin th 1 d + that
within-a-chassis—compartmentorenclosure-withinthe-overall product thatmakes the fuse

invisible to the user. If the enclosure has a cover, it is to be one that:

i) Does not need to be opened or removed in normal operation‘ar User{servicing,
i) Can be opened or removed only with a tool, and
i) Is prevented from being discarded.

A fuse is readily perceptible if it is recognizable during normal operation or lser servicing,
either visually or by touch; or if the fuse is indicated,) either on the product ¢r on literature
packed with it.

3) A clipped-in-type fuse that is within a compartment provided with the marking described
in 53.4.1.

b) Usqr Adjustment — Adjustment of a markedadjustable control or an adjustable component if the
adjustent can be accomplished:

1) By using an ordinary tool;
2) With the product in operation, and
3) Without defeating\an interlock.

¢) Unmarked Adjustment — Adjustment of an unmarked adjustable control if the adjustment can be
acconiplished:

1) Withodt a tool,

2) With the product in operation, and

3) Without defeating an interlock.

d) Lamp — Replacement of lamp, whether a single lamp or one of a series or parallel string,
intended for connection directly across the supply circuit of a nominal 120 or 220 V.

Exception: This requirement does not apply to a lamp that is intended to be soldered in place and is
soldered in place in the product, or a neon lamp, such as an electric-discharge lamp with neon as
the filling gas.

3.18 WET LOCATION - In direct contact with earth and locations subject to saturation with water, or
unprotected and exposed to weather.
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4 General

4.1 The construction of a product shall be such that:

a) Intended use and user servicing does not result in a risk of fire, electric shock, or injury to
persons;

b) The materials and components are used within their electrical, mechanical, and temperature
limits; and

c) The

4.2 The materials and components referred to in 4.1 and elsewhere in these requireme

involving a ris
indicated othe

4.3 A produd
the abuses to
due to total or
other serious

5 Enclosure
5.1

Control

511
cables, that in

to reduce the flisk of mechanical damage to.the various parts of the product.

5.1.2 Major|
accordance w

5.2 Drive uniit

5.2.1
of electric sho

A confrol unit shall be provided with an enclosure that houses all live parts, other tf

A driv¢ unit shallkbe provided with a metallic enclosure that renders all live parts that

vvvvvv

k of fire, electric shock, or injury to persons and are so considered’unleg
fwise.

t shall be formed and assembled so that it has the strength.and rigidity nece

nts are those
5s specifically

5sary to resist

which it might be subjected, without causing a risk of fire, glectric shock, or injliry to persons

partial collapse with resulting reduction of spacing, logsening, or displaceme
efects.

Linit

volves a risk of fire, electric shock;, or injury to persons. The enclosure shall b

enclosure parts (see 3:140) that are molded of polymeric material shall bg

th the Standard for Pelymeric Materials — Fabricated Parts, UL 746D.

Ck or.injury to persons inaccessible as specified in Accessibility of Parts, Sectig

Exception: A polymeric enclosure may be employed if found to comply when investigated |

nt of parts, or

an cords and
e constructed

b identified in

involve a risk
n 10.

n accordance

with the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

6 Mechanical Assembly

6.1

prevented from turning.

A switch, lampholder, attachment plug, or similar component shall be mounted securely and

Exception No. 1: A switch need not be prevented from turning if any one of the following conditions are

met:

a) The switch is a plunger or other type that does not tend to rotate when operated. A toggle switch
is considered to be subject to forces that tend to turn the switch during the normal operation of the

switch,
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b) The means of mounting the switch make it unlikely that operation of the switch will loosen it,

c) The spacings are not reduced below the minimum acceptable values, as determined using
Section 23, if the switch rotates, and

d) The normal operation of the switch is by mechanical means rather than by direct contact by
persons.

Exception No. 2: A lampholder of a type in which the lamp cannot be replaced, such as a neon pilot or
indicator light where the lamp is sealed in by a nonremovable jewel, need not be prevented from turning if
rotation cannot reduce spacings below the minimum acceptable values, as determined using Section 23.

Exception No|

need not be p

6.2 Anunin
from turning
minimum acc

6.3 The me
friction betwe
small stem-m

7 Materials
71

Genera

7.1.1  Cellul

2 A = Lo amye]. ot ol ;e J ) 'H) ol Y yare)
9. A USCT=aCUCOSIUIC IAlTIPTTUIUCT TTICTIACU tU UC TCaully 1Crriovailic Witliout tn

revented from turning.

sulated live part shall be secured to the base or mounting surface so-that it wil
br shifting in position if such displacement can result in a reductioh of spaci
pptable values, as determined using Section 23.

punted switch or other device that has a single-hole-mounting means from turn

bse nitrate or any comparably flammable material shall not be used.

7.1.2 A material shall comply with the applicable requirements in Table 7.1.

Exception: TH

s requirement does not apply to a drive unit.

hns for preventing the turning or shifting mentioned in 6.1-and 6.2 is to consis
en surfaces; for example, a lock washer is suitable for use as the means fo

e use of a tool

be prevented
ngs below the

t of more than
r preventing a
ng.
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Table 7.1
Material flammability requirements

Minimum flammabi

Material and application classification?®

lity

5.

V-1
V-2 or HF-2

Fiber and similar material regardless of use or location

Polymeric material in contact with an uninsulated part that involves
a power greater than 15 W® ¢

V-2
HB or HBF

Polymeric material used as a required part of the enclosure

Material in contact with an uninsulated part that involves a power
equal to or less than 15 WP ¢

HB or HBF

Material used in applications other than those specified in (1 — 4)

NOTE - Th
as one that

@ The flamn|
HF-2, and H

approximat|
samples m
or test sam
completed,
less than th|
an assemb

bar specim
using 1/8-in

® Does not

¢ Power me)

e requirements in Table 7.1 do not apply to a small part. For the purpose of Table 7.1, a small part
complies with all of the following items:

Tests for Flammability of Plastic Materials in Devices and Appliances, UL 94. Testisamples are to be flat stock

position most conducive to burning. A material for a part, othérthan the enclosure, rated using 1/16-in (1.6-mr

1) Its volume does not exceed 0.122 in® (2 cm®).
2) Its maximum dimension does not exceed 1.18 in (3 cm).

3) Its location is such that it cannot propagate flame from one area to another.or act as a bridge b
possible source of ignition and other ignitable parts.

ability classifications (V-0, V-1, V-2, and HB if the specific gravity is equalie or greater than 0.6; of
BF if the specific gravity is less than 0.6) are to be determined by the’tests described in the Stand

bly 5-in (127-mm) long, 1/2-in (12.7-mm) wide, and of the smallest thickness used; or, for an assen
y consist of the assembly. Printed-wiring boards, terminal strips,‘and the like can be tested as finig
les can be cut from finished parts. In the case of small parts‘that might be consumed before the tg
larger samples of the same material can be tested, provided they represent thicknesses that are tfj
E part in question. None of the larger samples is to be-entirely consumed by flame. Samples that cj
or a section thereof, and that are not flat stock samples are to be positioned in what is considere

Ens may be accepted in lesser thicknesses intheend product. For polymeric enclosures, a materig
(3.2-mm) thick bar specimens may be accepted in lesser thicknesses in the end product.
hpply to the internal insulation system ofia-component or where component requirements exist (se

Asured in accordance with 43.1.1.

s defined

ttween a

brd for

hbly, the

bnsist of
Il to be the
h) thick

HF-1,

hed parts,
st is
e same or

| rated

b 2.1.1).

713 A mat
7.1.4 A mat
per mil (7000
conducted in &
Strength of Sg

erial in contact with an uninsulated live part shall comply with the requirement

prial in contactwith an uninsulated live part shall have a dielectric strength of

ccordance with the Standard Test Methods for Dielectric Breakdown Voltage
lid Electrical Insulating Materials at Commercial Power Frequencies, ASTM D1

7.1.5 A material in contact with an uninsulated live part shall have a volume resistivity of:

s in 7.1.4 and

at least 175V

/mm) after-conditioning for 96 h at 35.0 £1.0°C (95.0 £1.8°F) and 90 £5% relative humidity,

and Dielectric
49.

a) At least 50 MQ-cm as measured after conditioning for 40 h at 23.0 £1.0°C (73.4 £1.8°F) and 50
15% relative humidity as indicated in Procedure A of the Standard Practice for Conditioning
Plastics for Testing, ASTM D618, and

b) 10 MQ-cm after being conditioned for 96 h at 35.0 £1.0°C (96.8 £1.8°F) and 95 +5% relative
humidity as indicated in Procedure C conducted in accordance with the Standard Test Methods for
D-C Resistance or Conductance of Insulating Materials, ASTM D257.

7.2 Guard and barrier insulating material for rendering live parts inaccessible

7.21

to persons in order to render the part inaccessible shall:

A guard or barrier of insulating material employed to parts involving a risk of electric shock or injury
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a) Not

be less than 0.028-in (0.71-mm) thick.

Exception No. 1: Fiber or the equivalent that is not less than 0.013-in (0.33-mm) thick may be used
to cover a splice within the overall enclosure.

Exception No. 2: A covering of paper that is not less than 0.028-in thick may be used on an
electrolytic capacitor or similar part.

Exception No. 3: A fiber shell of a metal-jacketed pilot lampholder covering all live parts may not
be less than 0.020-in (0.51-mm) thick.

b) Comply with the requirement specified in 7.1.2.

8 Protectio

8.1
enameling, g
result in a risk

9 Current-Q

9.1
other materia

Exception No
such as for cg

semiconductd

Exception NG
current-carryi

9.2 Aconta
fire shall be m

10 Accessi

10.1

A metal part, unless inherently corrosion resistant, shall be protected ‘against

A curremt-carrying part shall be of silver, copper, a copper-ase alloy, stainless steel

General

h Against Corrosion

of fire, electric shock, or injury to persons.

arrying Parts

acceptable for the intended use.
1: Plated steel may be used for secondaryscircuit parts and for some prima
pacitor terminals where a glass-to-metal $€al'is necessary and for leads or thr

r devices.

. 2. Blued steel or steel that is_equivalently resistant to corrosion is acce
ng arms of a mechanically or magnetically operated leaf switch, but not elsewh

t of a socket, separablelconnector, and similar parts, connected in a circuit inv
ade of nonferrous spring metal acceptable for the intended use.

pility of Parts

1011 Ap

extent that it gan_be touched during normal operation or user servicing. See Electric Shock,

rt.that involves a risk of electric shock or injury to persons shall not be ac

corrosion by

blvanizing, plating, or other equivalent means, if corrosion of the ‘\unprotected part would

aluminum, or

y-circuit parts,
baded studs of

ptable for the
ere.

olving a risk of

essible to the

Bection 11.

10.1.2 An opening in an enclosure is acceptable if the opening will not permit the entrance of a 1-in
(25.4-mm) diameter sphere and the probe illustrated in Figure 10.1 cannot be made to touch any
uninsulated live part, film-coated wire, or moving part when inserted into the opening. The probe may be
articulated into any configuration and may be rotated or angled to any position before, during, or after
insertion into the opening, and the penetration may be to any depth allowed by the opening size, including
minimal depth combined with maximum articulation. No force is to be applied to the probe.

10.2 Control unit

10.2.1

be performed.

a) Removal or opening of friction-fit knobs, snap covers, and similar loose parts;

When determining the accessibility of parts of a control unit, any of the following operations may
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b) Removal, opening, or loosening of parts as described in the installation and operating
instructions; and

¢) Removal of knobs not captive in accordance with Captive Parts, Section 21.
10.3 Drive unit

10.3.1 The accessibility of parts of a drive unit is to be determined only after the installation of the unit
has been completed in accordance with the manufacturer's installation instructions.
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Figure 10.1

Probe for determining accessibility of live parts
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10.4 Adjustment openings and control shafts — control unit

10.4.1 A part beyond an opening in a control unit that may be used in making an adjustment considered
to be a function of user servicing, is considered not to be accessible if a 1/8-in (3.2-mm) diameter straight
rod is unable to touch the part when the rod is inserted through the opening and moved to all positions
possible without producing an angle of more than 30° between the rod and a line drawn between the
center of the opening and the center of the face of the adjusting mechanism. The length of the rod inside
the opening is not to exceed the distance between the opening and the face of the adjusting mechanism
by more than 3 in (76.2 mm). See Figure 10.2

Figure 10.2

Accessibility of live part through adjustment opening
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10.4.2 A conmirolshaftformed-of polymeric-materialis-hotconsidered-to-be-partofthe-enclosure, but may

be considered to be a barrier.
10.5 Top opening — control unit

10.5.1  An opening in the top of the overall enclosure of a control unit shall not permit passage of a
sphere having a diameter of 3/32 in (2.4 mm), if passage of a conductive object through the opening
results in a risk of electric shock.

Exception No. 1: An opening such as D in Fiqure 10.3, in a top surface that makes an angle of 30° or
more with the horizontal is acceptable if the opening projection onto a horizontal plane does not exceed
3/32 in when measured in the direction of the maximum slope of the surface in which the opening is
located. The upper edge of the opening is the point of tangency between a vertical line and the enclosure
above the opening. The lower edge of the opening is the point of tangency between the enclosure below
the opening and a line that slopes downward away from the enclosure at an angle of 5° to the horizontal.
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Exception No. 2: An opening in the top of an overall enclosure having a dimension larger than 3/32 in and
protected by a knob, handle, louver, or similar part is acceptable if:

a) A falling object cannot pass directly through the opening in a vertical direction; and

b) The construction is such that an object placed at any point on the enclosure top does not slide or
roll into a top opening. See 10.5.3.

This generally requires a 1/16-in (1.6-mm) high lip on the surface surrounding the opening. A knob
protecting an opening is to be on its shaft as far as possible without actually contacting the enclosure.

Figure 10.3

Cross section of enclosure showing opening
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10.5.2 During evaluation of a product according to the requirement in 10.5.1, all of the following apply:

a) The top of the overall enclosure is considered to be that portion of the enclosure that is visible in
a plan view when the product is resting on a horizontal surface.

b) Only those covers needed for operation are to be opened.

c) Pushbuttons are to be in the maximum displaced position that the construction permits.

10.5.3 During applications of the requirement in Exception No. 2(b) to 10.5.1, openings other than top
openings into which an object might slide or roll shall be evaluated according to the intent of the
requirement.
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11 Electric Shock
11.1  Arrisk of electric shock exists at any part if:
a) The open-circuit potential between an accessible part and earth ground or any other
simultaneously accessible parts (see 34.1.4) is:
1) More than 30 V rms (42.4 V peak) if wet contact is not likely to occur; or
2) More than 15V rms (21.2 V peak) if wet contact is likely to occur; and
b) Any of the following conditions exist:
1) The leakage current (measured according to the Leakage-Current and. $hock-Current
Tests, Section 34) at any accessible part exceeds 0.5 mA.
2) A continuous current flow through a 500-Q resistor (measured~according to Leakage
Current and Shock Current Test, Section 34), at a part exposed orily during Yser-servicing,
exceeds the limits specified in Table 34.1
12 Supply Qonnections
121 Generdl
12.1.1 A control unit shall be provided with a length ef-flexible cord and an attachment plug for

connection to

12.2 Power-supply cord

12.2.1  The
product and th
another produ

12.2.2 A pd
equivalent or K

b supply circuit.

ampacity of the cord shall not<be less than the sum of the marked current
e marked current rating of alhconventional parallel-slot receptacles used to sy
Ct or accessory.

wer-supply cord shall be one of the types specified in Table 12.1, or of a
eavier duty.

Table 12.1
Cords for products

rating of the
pply power to

ype rated for

Type of cord Maximum length, ft (m)
SPT-2 10 (3.05)
SJ, SJT 25 (7.62)

12.2.3 The length of the cord shall not be more than specified in Table 12.1 and not less than 5-1/2 ft

(1.68 m).

12.2.4 The length of a power-supply cord is to be measured from the face of the attachment plug to the
point where the cord emerges from the product.

12.2.5 A power-supply cord shall have a flame-retardant rating of VW-1.
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12.3 Cord strain relief

12.3.1  The power-supply cord shall be attached to the product so that a mechanical stress on the cord
leaving the overall enclosure cannot:

a) Be transmitted to terminals, splices, or interior wiring;
b) Separate an interlock connector from the part of the product to which it is attached; or

c) Damage an interlock so that it does not perform its intended function.

12.3.2 To determine compliance with 12.3.1, the product is to be subjected to the Strain Relief Test,
Section 45.

12.3.3 If a knot in a power-supply cord serves as strain relief, any surface which the kngt may contact
shall be free|from projections, sharp edges, burrs, fins, and the like, that can-cause aprasion of the
insulation on the cord.

12.4 Cord push-back relief

12.41  The| power-supply cord shall be provided with a means/that prevents the cord from being
deliberately pished inside the enclosure if any of the following cano¢cur when pushed insidg:

a) Thejinsulation on the cord is subjected to temperatures or voltages that exceed th@se for which it
is rated,

b) The cord can come in contact with a sharp edge or moving part that could damage]insulation,

c) Theg cord displaces a part resulting in,"a reduction of spacings below acceptable values, as
determined using Section 23, or

d) The cord places stress on intetnal connections.
12.5 Bushings

12.5.1 An gpening in a wall,) barrier, or overall enclosure through which a supply cord passes shall be
provided with[ a bushing+er'the equivalent that is substantial, secured in place, and that has a smooth,
rounded surfgce against which the cord may bear. A smooth metal bushing is acceptable if a Type SJ or
heavier cord ig used:

Exception: If the-exit for the cord is in wood, wood composition, or an insulating material, a surface free of
fins, burrs, and the like, is considered equivalent to a bushing.

12.5.2  Ceramic, porcelain, phenolic, and some molded compositions are acceptable for insulating
bushings. A separate bushing shall not be made of wood or rubber.

12.5.3 Fiber may be employed if the finished bushing is not less than 3/64-in (1.2-mm) thick and is
formed and secured in place so that it will not be adversely affected by ordinary moisture.

12.5.4 A bushing of the same material as, and molded integrally with, the supply cord is acceptable if the
built-up section is not less than 1/16-in (1.6-mm) thick at the point at which the cord passes through the
enclosure.
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12.5.5

An insulated metal grommet may be used in place of an insulating bushing if the insulating

material used is not less than 1/32-in (0.8-mm) thick and completely fills the space between the grommet
and the metal in which the grommet is mounted.

12.6 Cord Routing

12.6.1

A separate flexible cord or wire that is not connected in the supply circuit or that does not involve

a risk of fire or electric shock shall not be routed through a bushing or opening with the power-supply cord
at a point of flexure.

12.7 Attachment plug

1271 Ana
Specifications
rated current g
adapted for u

attachment pliig provided with the product shall be configured and rated for one.of the voltg

the product is
12.8 Polariz

12.8.1
configuration ¢

a) The
receptd

b) A sw
shall n
attachr

Except
supply

c) The
plug sH
the attg

dAp
polariz

A product shall be provided with a polarized attachment plug of the 2-wire,

tachment plug shall have a configuration complying with the Wiring Devices\;
ANSI/NEMA WD6. It shall be of a type acceptable for use with a current not
f the product and at a voltage equal to the rated voltage of the product! If,the p
5e on two or more different supply voltages by means of an inpub voltage

ntended to be connected.

ation

r the 3-wire grounding configuration that complies'with all of the following:

re shall be no risk of electric shock with the“attachment plug inserted in the
cle and then with the supply-circuit connections reversed.

itch; the center contact of a lampholder; or a circuit breaker, fuse, or other pro
bt be connected in a circuit that is'connected to the grounded supply-circuit co
hent plug.

fon: A switch or protective device which simultaneously interrupts all cong
circuit may be connected to the ground supply conductor.

all not be mare-than the peak voltage between that structural part and the n3
chment plug.

brallel-slot receptacle provided on the product shall be of a polarized type
bd.The identified (grounded) terminal of the receptacle shall be connected

- Dimensional
less than the
roduct can be
selector, the
ges for which

parallel-blade

supply-circuit

tective device
nductor of the

uctors of the

peak voltage between any inaccessible structural part and the wide blade of the attachment

rrow blade of

and shall be
to the supply

circuit

onductor of the attachment plug that is intended to be grounded.

12.8.2 For evaluation of the risk of electric shock, the conductor of the supply circuit that is connected to
the grounded supply-circuit conductor of the attachment plug (wide blade on a polarized 2-wire plug, and
the right-hand blade of a 3-wire plug when looking at the face of the plug with the grounding pin down) is
considered to be at grounded potential.

Exception: If there is no risk of electric shock when the supply circuit connections are reversed as in
12.8.1(a), the conductor need not comply.
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13 Grounding

13.1

13.1.1
requirements

General

in13.1.2-13.3.1.

13.1.2  An equipment-grounding conductor of a flexible cord shall be:

a) Finished to show a green color or green with one or more yellow stripes;

If a product is provided with a grounding type (3-wire) supply cord, it shall comply with the

b) Connected to the grounding member of an attachment plug having a fixed grounding contact;

c) Cor
remov|
used f

d) Of 4

13.1.3 The
against corros
conductor. Al

nected to the frame or enclosure of the product by a screw or other means
ed during servicing that does not involve the power-supply cord. Soldér alor
br securing a grounding conductor; and

t least the same size as the other conductors of the cord.

screw mentioned in of 13.1.2(c) shall be of corrosion-resistant metal, or sha
5ion in @ manner that will not inhibit electrical conductively-between the screw
pck washer shall be employed to prevent the screw ffom becoming loosened b

13.14 Ifa

parts within the enclosure that are exposed to contact during any servicing operation a

:

become ener

13.1.5 With
becoming eng

a) A small metal part, such as an.adhesive-attached foil marking, a screw, or a handlg

b) A p
electri

c) Cor

rounding means is provided on a product, all exposed dead metal parts and

ized shall be connected to the grounding:means.

rgized:

1) On the exterior of the enclosure and separated from all electrical ¢
grounded metal, or.

2) Electrically isolated from all electrical components.

hnel or caverthat does not enclose insulated live parts and is electrically isolg
Cal components.

ps and assembly screws or a relay, a solenoid, and similar parts.

not likely to be
e shall not be

| be protected
and any other
y vibration.

all dead metal
hd are able to

reference to the requirement in 13.1.4) the following dead metal parts do not involve a risk of

b that is:

bmponents by

ted from other

13.1.6

It may not be practical to connect certain conductive parts — control shafts, mounting screws, and

similar parts — to the grounding means. Such parts do not involve a risk of becoming energized if
supplementary insulation is employed in addition to the basic insulation provided. Where it is impractical to
provide separate basic insulation and supplementary insulation, reinforced insulation may be used.

13.1.7 Basic insulation shall have a dielectric voltage-withstand capability of 1000 V for 1 min and a
minimum through-air over over-surface spacing of 1/16 in (1.6 mm).

13.1.8 The insulation qualities and the resistance to deterioration with aging of a material employed as
supplementary insulation shall not be less than that which would be required for the same material
employed as basic insulation. The minimum spacing through supplementary insulation used in circuits
involving 125 V or less shall be 1/32 in (0.8 mm) and this insulation shall have a dielectric voltage-
withstand capability of at least 2500 V for 1 min. The minimum through-air or over surface spacing
between conductive parts separated by supplementary insulation shall be 1/16 in (1.6 mm).
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13.1.9 The insulation qualities and resistance to deterioration with aging of a material employed as
reinforced insulation shall not be less than the total of that which would be required for the combination of
basic and supplementary insulation. The minimum spacing through reinforced insulation used in a circuit
involving 125 V or less shall be 5/64 in (2.0 mm) and this insulation shall have a dielectric voltage-
withstand capability of at least 3500 V for 1 min. The minimum through-air or over surface spacing
between a live part and an accessible conductive part shall be 1/8 in (3.2 mm).

13.2 Grounding-type cord-connector body

13.2.1 If a product is provided with a power-supply cord or extension cord incorporating a separable
cord-connector body and has conductive parts that are connected to the grounding conductor that may be
contacted during the connection or disconnection of the cord-connector body at the product end of the
cord, the construction shall be such that the grounding connection is made first and broken last with
respect to the power-supply conductor.

13.3 Grounding adapters

13.3.1 A grqunding adapter packaged with a product equipped with a greunding-type supply cord shall
not be attached to the attachment plug before reaching the user. Also, see 53.6.1.

13.3.2 A copvenience receptacle provided on a product that issintended to be grounded shall be of a
grounding typé. The grounding contact of the receptacle shall be’electrically connected to the grounding
means of the groduct.

14 Transformers

14.1 A transformer or motor transformer that is notmally connected across the supply circuit shall comply
with the consfruction requirements in the Standard for Transformers and Motor Transformer for Use in
Audio-, Radio{, and Television-Type Appliances;’UL 1411.

15 Capacitors

15.1 The voljage rating of a capacitor shall equal or exceed the maximum steady-state pot¢ntial to which
the capacitor i§ subjected during-normal operation of the product.

15.2 A capatitor shalkemploy materials and be constructed so that it will not constitute g risk of fire or
injury to persqns. A paper capacitor shall be impregnated or otherwise enclosed to exclude moisture. A
paper cover for a capacitor shall not be less than 0.028-in (0.71-mm) thick if a risk of elgctric shock is
involved.

15.3 A capacitor employing a liquid dielectric medium more combustible than askarel shall not expel the
dielectric medium when tested in accordance with the applicable performance requirements in this
standard, including faulted overcurrent conditions based on the branch circuit in which it is used.

15.4 A capacitor shall comply with the applicable requirements in the Standard for Capacitors and
Suppressors for Radio- and Television-Type Appliances, UL 1414 when the capacitor is:

a) Connected across the supply circuit, or
b) Used in primary supply circuits for line bypass or metal-enclosure isolation, or
c) Connected between live parts and exposed metal parts, or

d) Used for antenna blocking.
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15.5 A capacitor is considered to be connected across the supply circuit when used in any of the

following appl

ications:

a) With the capacitor in a shorted condition and with the product in a heated condition, a primary-
circuit current of more than 1 A passes through the capacitor. The current through the capacitor
can be limited to 1 A or less by a fixed impedance or a protective device rated 1 ampere or less; or

b) A capacitor used for line bypass in a product provided with a terminal or connector intended to

rements in the

4.

ce. The center
hp is removed.
ected so that

be grounded.

15.6 If the current through a capacitor is not limited to 1 A or less in accordance with 15.5 (a), the
combination of the capacitor and the limiting means shall comply with the applicable requi
Standard for Gapaciters-and-Suppressors+e j isi ian 4

16 Lampho

16.1  The tefminals of a lampholder shall be securely riveted or otherwise secdred in pla

contact and its mounting shall be secured so that it will be held within the shell when the lan

The lamphol

grounding or
17 Recepta

17.1
of an access

phonograph (

and 13.3.2.

17.2
face of the re
that is within

An und

Ier terminals and other live parts, including the lamp base,”shall be pro

risk of electric shock during use or user servicing is unlikely.

cles

bry, shall not be of the type employed asCa receptacle for a single-prong,
lug, and if of the conventional parallel-slet-type shall involve line power only.

If the face of a receptacle is less than 5(8-in (15.9-mm) wide or less than 7/8-in (22.2

ceptacle shall project not more than 3/26 in (4.8 mm) from the part of the mg
b rectangle 5/8-in wide and.7/8-in long symmetrically located about the recep

and if the mouinting surface is conductive, the face of the receptacle shall project not less th

mm) from tha

17.3 The arn

would preven
(30.2 mm).

Exception: P
electrical con

part of the mounting.surface.

ea surrounding an unused attachment-plug receptacle shall be free of any p

fojections that prevent the blades of the attachment plug from being insé

sed receptacle that involves a risk of electric shock, such as one provided for the attachment

shielded-type
See 12.8.1(d)

-mm) long, the
unting surface
acle contacts;
an 3/32in (2.4

rojections that

full insertion\of the blades of a circular attachment plug having a face diameter of 1-3/16 in

brted to make

act.with the contacts of the receptacle are considered to comply.

18 Overload Protection

18.1

comply with the applicable protective-device component requirements.

19 Wiring
19.1

19.11

Sleeving, tape, tubing, and wire insulation— control unit

A protective device, such as a fuse, a manually reset overcurrent device, or a fusible resistor, shall

Sleeving, tape, tubing, and wire insulation employed on wiring or parts of a control unit shall be

rated for the voltage involved and the temperature attained under any condition of actual use. Tape shall
be flame retardant. Sleeving, tubing, and wire insulation shall have a flame retardant rating of VW-1.
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Exception: Sleeving, tape, tubing, and wire insulation employed on wiring or parts not involving a risk of
electric shock or on wiring or parts having available power of 15 W or less as determined by the procedure
described in the Available-Power Test, Section 43, need not be flame retardant, provided they are
segregated (such as by routing) from parts involving a risk of electric shock or power of more than 15 W.

19.2 Mechanical protection

19.2.1  Wire smaller than 24 AWG (0.21 mm?) shall be protected against mechanical damage, taking into
consideration the effects of vibration, impact, and handling during user servicing.

19.2.2 The conductor of a wire involving a risk of fire or electric shock shall not become exposed due to
handling during user servicing.

19.2.3  Wirirjg not involving a risk of electric shock that is not housed entirely within~the ¢nclosure and
that may contpct a part involving a risk of fire or electric shock shall be insulated ‘within the enclosure.
Such wiring ghall be provided with strain and push-back relief that complies:\with the [requirements
specified in 12.3.1(a) and in 12.4.1.

19.3 Cable and wiring subject to motion

19.3.1 If dafnage to the insulation of wire, cable, or cord that is subject to stress or motion either inside
or outside the|control unit enclosure can result in a risk of fire or electric shock, the wire, gable, or cord
shall:

a) Comply with the requirements in the Flexing-Tést, Section 47, to determine that continued
operatipn under the stress or motion to which it.is'subjected will not cause such damage; and

b) Be provided with the following, as applicable:

1) If located within the enclosure, insulation between conductors, and betweg¢n conductors
and adjacent conductive pafts, at all points of stress or motion.

2) If located outside the enclosure, strain relief in accordance with 12.3.1(a) and a bushing
in accordance with®42:5.1 — 12.5.5.

19.4 Opening in metal

19.4.1  An opening (in)a conductive material used for the passage of a wire connected tq a circuit that
involves a risK of firg or electric shock shall be free from sharp edges, burrs, fins, and the|like that may
damage the conductor insulation.

20 Connectors, Components, and Leads
20.1 Quick-connect terminals

20.1.1 A nominal 0.110-, 0.125-, 0.187-, 0.205-, or 0.250-in wide quick-connect terminal shall comply
with the Standard for Electrical Quick-Connect Terminals, UL 310. Other sizes of quick-connect terminals
shall be investigated with respect to crimp pull-out, engagement-disengagement forces of the connector
and tab, and temperature rises; all tests are to be conducted in accordance with UL 310.
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20.2 Aluminum terminations

20.2.1 Aluminum conductors, insulated or uninsulated, used as internal wiring, such as for
interconnection between current-carrying parts or as motor windings, shall be terminated at each end by a
method acceptable for the combination of metals involved at the connection point.

20.2.2  With reference to 20.2.1, a wire-binding screw or a pressure wire connector used as a
terminating device shall be a type intended for use with aluminum under the conditions involved; for
example, temperature, heating cycling, and vibration.

21 Captive Parts

211 General

21.1.1 A pdrt of the product that is essential for compliance with the requirements in this|standard shall
be made capfjve or otherwise arranged so that it will not be deliberately or uninteptionally digcarded if all of
the following ¢onditions exist:

a) The part is subject to removal during user servicing.
b) The part is not essential for the functioning of the product.

c) The] part is not readily perceptible to the user during normal use (see 3.17(a)(2) fgr the definition
of readlily perceptible).

d) Thel omission of the part may result in a risk of{ire, electric shock, or injury to persans.
21.2 Captive knobs
21.2.1 A captive knob and shaft assembly shall withstand the tests specified in 48.3.1 (prgssure), 48.4.1
(impact), and|48.6.1 (pull), without expasing parts involving a risk of electric shock or injury|to persons, or

adversely affgcting the means provided to make the part captive.

22 Switche

"4

22.1 General

22.1.1 A switch connected to wiring involving a risk of fire or electric shock and not emplgyed to control
the drive unif shall’be acceptable for the intended use and have an electrical rating not| less than the
maximum stepdy-state current it controls.

22.2 Drive-unit-control switches

22.2.1 A switch in the control unit that is employed to energize the drive unit shall be of the momentary
contact type, or of a type that will automatically open the circuit supplying the drive unit within one
revolution of antenna rotation. The switch may be located in the primary or secondary circuit.

22.2.2 A switch that controls a drive unit shall comply with Drive-Unit-Control Switch Tests, Section 44.

Exception: The switch need not be subjected to the tests in Section 44 if it is connected in a circuit
complying with Control-Unit-Output Limitations, Section 24.
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23 Spacings
23.1 Primary circuits

23.1.1 In primary circuits, there shall be a spacing through air or over surface between uninsulated live
parts of opposite polarity, and between an uninsulated live part and dead metal parts of not less than 1/8 in
(3.2 mm).

Exception: This requirement does not apply if the location and relative arrangement of parts are such that
acceptable permanent separation is provided. Such spacings are to be judged on the basis of the
Dielectric Voltage-Withstand Test, Section 40.

23.1.2 Whep measuring spacings between parts where hand soldering is involved, the(sgacing may be
measured asspming production accumulations of solder on parts and lead connections:

23.2 Barrierp and liners

23.2.1 A bgrrier or liner of fiber or similar material, employed where_spacings would [otherwise be
unacceptable petween uninsulated live parts of opposite polarity involving arisk of fire or elgctric shock or
between such|parts and exposed dead metal parts, shall:

a) Not be less than 0.028-in (0.71-mm) thick.

Excepffon: If the barrier or liner is used in conjunctionwith an air spacing not less than one-half the
required spacing through air, the thickness may be faot less than 0.013 in (0.33 mm).

b) Conply with the requirements specified in 734.2 and 7.1.3.

c) Comply with the applicable Strength.of Enclosure Tests, Section 48, if it is likely {o be handled
during |ntended use or user servicing.

d) Be held in place by means other'than friction.

e) Be lpcated so that it is notilikely to be damaged by operation of the product.

23.3 Fuse and fuse clip

23.3.1  There shall beya minimum spacing of 1/8 in (3.2 mm) between parts of a fuse clip|that involve a
risk of electriq shoek:and uninsulated live parts and dead metal parts when measured with the fuse in
place.

Exception: This requirement does not apply if a barrier complying with the requirements in 23.2.1 is
provided.

24 Control-Unit-Output Limitations

241 The output of a control unit supplying a drive unit shall be limited to an open-circuit voltage of 30 V
rms (42.4 V peak) or less and:

a) A short-circuit current of 8 A or less after 1 min, or

b) A volt-ampere capacity of 250 VA or less.
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If the output is limited in accordance with (b), the output circuit shall be provided with an overcurrent-
protective device rated at not more than 3.2 A. A fixed-series impedance or regulator circuit may be used
to limit the output if investigated and found to comply. See Control-Unit-Output Tests, Section 39.

24.2 The overcurrent-protective device mentioned in 24.1 shall:

a) Not

be of an automatic-reset type,

b) Be trip-free from the reclosing mechanism if of the manually reset type, and

c) Not be interchangeable with one of a higher current rating if it is a renewable, user-serviceable

device

25 Drive-Ur

251 Eacht
the supply cir

a) Hay

b) Hay

c) Be ¢ffective with the power switch on or off.

Exception No
means and ¢
resulting in a

Exception No
the Standard
be rated 1/4 |

25.2 The maximum resistance specified in 25.1 shall not exceed 12 MQ assuming

tolerance of |
10.9 MQ with

PROTECTIO

26 General

it-Discharge Path

erminal or lead provided for the connection of a drive unit shall be conductivel
cuit. The conductive connection shall:

e a maximum resistance of 12 MQ,

e a minimum power rating of 1/2 W, and

1: The conductive connection need not be*provided if the product employ
lectrical breakdown of one of the isolating<means establishes such a conn
[isk of electric shock.

2: A capacitor with a built-in shuntxesistor that complies with the applicable r

for Capacitors and Suppressors_for Radio- and Television-Type Appliances,
V minimum.

ne resistor used. Far'example, a resistor rated 10 MQ with 20% tolerance or §
10% tolerance is(acceptable.

N AGAINSTINJURY TO PERSONS

connected to

5 two isolating
ection without

bquirements in
UL 1414, may

the maximum
resistor rated

HAan abla miciian Af o el A Byt

dser involves a

26.1 If oper

maintananca—arraacanabhr faor a
o har e arnct O roasurtaoTy  1oTo st taoiCTTousSC—UTa prouttr oy uic

risk of injury to persons, protection shall be provided for the reduction of such risk. See the Strength of
Enclosure Test, Section 48.

26.2 Among the factors to be considered in judging the acceptability of an exposed moving part are:

a) The degree of exposure necessary to perform its intended function,

b) The sharpness of the moving part,

c) The

risk of unintentional contact therewith,

d) The speed of the moving part, and

e) The risk of injury to a part of the body or of clothing being entangled by the moving part.
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These factors are to be determined with respect to both intended operation of the product and its
reasonably foreseeable misuse.

26.3 The acceptability of a guard, a safety release, an interlock or similar part, and whether or not such a
device is required, are to be determined from a study of the complete product, its operating characteristics,
and the risk of injury to persons resulting from a cause other than gross negligence. The investigation is to
include consideration of the results of breakdown or malfunction of any one component, but not more than
one component at a time, unless one event contributes to another. If the study shows that malfunction of a
particular component can result in a risk of injury to persons, that component is to be investigated for
reliability.

27 Power-Operated Moving Parts

27.1 The acgessibility of a power-operated moving part, such as a gear or linkage, is to be|judged by the
applicable requirements in Accessibility of Parts, Section 10.

28 Enclosunes and Guards

28.1 A guard or portion of an enclosure acting as a guard for parts capable of causing 3 risk of injury
shall be

a) Moupnted to the assembly so that such parts cannot be goperated with a guard remoyed,
b) Secuired to the assembly using fasteners requiringta.fool for removal, or

c) Provided with an interlock to reduce the risk ofiaccess to the parts capable of causipg injury.
29 Sharp Edges

29.1 An enclosure, a frame, a guard, a handlée, or similar part, shall not be sufficiently sharp to constitute
a risk of injury fto persons in normal maintepance and use.

30 Installatipn and Assembly

30.1 The mgans for user-mechanical installation and assembly, such as the mounting of a drive unit,
shall be such that:

a) The assembly’and installation can be accomplished by the use of ordinary tools (sge 3.13) and

b) All Hardware parts, such as screws, bolts, and similar parts, that are required for [completion of
installati i i i i , Section 55.
PERFORMANCE
31 General

31.1 Voltmeters

31.1.1  Unless otherwise indicated, voltage measurements are to be made with a voltmeter having a
resistance of 2000 Q per volt minimum for potentials of 1000 V or less.

31.1.2 The open-circuit-voltage measurement used in conjunction with a leakage- or shock-current
determination is to be made with a measuring instrument that has an input impedance that does not
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significantly affect the circuit being measured. In general, a measuring instrument with a minimum input

impedance of

1 MQ is to be used.

31.2 Cheesecloth indicators

31.2.1

The cloth used for tests is to be bleached cheesecloth running 14 — 15 yd?/Ib (26 — 28 m?/kg) and

having what is known in the trade as a count of 32 by 28; that is, for any square inch, 32 threads in one
direction and 28 threads in the other direction (for any cm?, 13 threads in one direction and 11 threads in
the other direction).

31.2.2 Tests involving cheesecloth are to be conducted in a room free of drafts.

31.3 Supply

31.3.1 Allo
frequency. A
and may also

31.32 Ap
connected to

Exception: If
that test need

32 Operatid
321

32.1.1 Ope
injury to persd

32.1.2  With
accordance W
manufacturer
cleaning reco
recommende

General

 circuit

perational tests are to be conducted with the product connected to a supply
broduct with a dual-frequency rating is to be tested at 60 Hz if 60 Kz:is includg
be tested at the second frequency if such testing is warranted.

oduct having both alternating- and direct-current ratingsxis to be tested wi
both an alternating-current supply and a direct-current supply.

f can be established that one test results in the more severe operating condit
be conducted.

n Test

ration of a product as described’in 32.1.2 shall not result in a risk of fire, ele
ns.

reference to 32.1.1\.an as-received sample of the product is to be set up
ith the manufactarer's instructions. The sample is to be operated in accorg
s instructions with respect to the intended uses of the product, including ma
mmended by\the manufacturer and lack of such maintenance and cleaning. A
| by the <manufacturer for use with the product are to be tested. The prd

manipulated @s it would be in actual use, including manipulation of all controls and opera

various loadir

g conditions that can be expected. The product is to be operated for a suffi

circuit of rated
bd in the rating

h the product

ons, then only

ctric shock, or

or installed in
ance with the
ntenance and
\ll accessories
duct is to be
tion under the
cient length of

time or through a sufficient number of cycles to determine that all reasonably foreseeable

complications

are revealed.

33 Connector and Component Displacement Test

33.1
not result in a

risk of fire, electric shock, or injury to persons.

The disconnection and displacement of a part resulting from shipping or moving of the product shall

33.2 Any handling, disconnection, or displacement, intentional or unintentional, of a component,
connector, lead, cover, or other similar part that may occur during normal operation or user servicing shall
not result in a risk of fire, electric shock, or injury to persons.

33.3 A barrier, mechanical restraint, and the effect of gravity are to be given consideration as means of
fastening a connector, but a fastening means that relies solely on friction between parts is to be
investigated with respect to its effectiveness. A fastening means is not to be removed if it cannot be
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removed unintentionally and need not be removed during user servicing. A flexible fastening means is to
be constructed so that it returns to its original position and shape after flexing.

33.4 A disconnecting part, such as an electrical connector, secured by friction fit only is to be
investigated with respect to the risk of fire or electric shock while in its most extreme disconnected
position.

Exception: A part need not be tested in the extreme disconnected position if the part complies with any of
the following:

a) The part withstands a separation force of 1.1 Ibf (4.9 N) after five insertions and withdrawals.

b) The

s Lol (v ) Il J ) L £ .
drt 1o SUIUCTCU LUYCUICT ariid TicCU IOt UG TCITIOVEU TUTN USTT SCIVIUITTY.

c) The
shock,

part is of such dimensions or is permanently routed or secured so that noisk pf fire, electric

or injury to persons can result if the part becomes disconnected.

d A1
providsd

B2-in (0.8-mm) thick minimum insulating sleeve having at least a 1/16-in (1.6-n]
d over the connector part.

hm) overlap is

34 LeakageiCurrent and Shock-Current Tests

34.1 Leakade current test

3411 The hen tested in

accordance w

leakage current at any accessible part shall*not be more than 0.5 mA, w
th 34.1.3 —34.1.9.

currents from
bs collectively

34.1.2 Expd
these surface

sed conductive surfaces are to be:tested for leakage currents. The leakage
b are to be measured to the grounded supply conductor individually as well

when simultar
part is conside
of electric sho

34.1.3 Leak
conveyed bet
conductive su

3414 Parts
the same time

eously accessible, and from one surface to another where simultaneously
red to be an exposed surfage;unless guarded by an enclosure considered to r
K.

N
"

hge current refersito all currents, including capacitively coupled currents,
ween exposed—cenductive surfaces of the equipment and ground, or o
faces of the equipment.

are simultaneously accessible if they can be contacted by one or both hands
Far the purpose of this measurement, one hand is able to simultaneously con

accessible. A
bduce the risk

that may be
ther exposed

of a person at
tact parts that
to be able to

are within a 4|by"8“in (10 by 20 cm) rectangle; and two hands of a person are considered
simultaneouslytontact partsthatare ot more tham 6 ft(-8 mapart:

34.1.5 If a conductive surface other than metal is used for the enclosure or part of the enclosure, the
leakage current is to be measured using a metal foil with an area of 4 by 8 in (10 by 20 cm) in contact with
the surface. If the surface is less than 4 by 8 in (10 by 20 cm), the metal foil is to be the same size as the
surface. The metal foil is not to remain in place long enough to affect the temperature of the equipment.

34.1.6 The measurement circuit for the leakage-current test is to be as illustrated in Figure 34.1. The
measurement instrument is defined in (a) — (¢). The meter that is actually used for a measurement need
only indicate the same numerical value for the particular measurement as would the defined instrument; it
need not have all of the attributes of the defined instrument.

a) The meter is to have an input impedance of 1500 Q resistive shunted by a capacitance of 0.15
uF.
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b) The meter is to indicate 1.11 times the average of the full-wave rectified composite waveform of
voltage across the resistor or current through the resistor.

c) Over a frequency range of 0 — 100 kHz, the measurement circuitry is to have a frequency
response — ratio of indicated to actual value of current — that is equal to the ratio of the impedance
of a 1500-Q resistor shunted by a 0.15-uF capacitor to 1500 Q. At an indication of 0.5 mA, the
measurement is to have an error of not more than 5% at 60 Hz.

Figure 34.1

Leakage-current measurement circuits

Product intended
A — Probe with sk
B — Separated arf

34.1.7 Unle
meter is to be

34.1.8 A sample of the product is to be tested for leakage current starting with the as-recq

with all switch
that has not
considered to
the equipmer

FRUDUCT

=

INSULATING
TABLE

GROUNDED SUPPLY CONDUCTOR
LC100

for connection to a 120 V power supply.
ielded lead.

d used as clip when measuring currents from one part of @guipment to another.

5s the meter is being used to measure*current from one part of a product {
connected between the accessible parts and the grounded supply conductor.

es closed, but with its greunding conductor, if any, open at the attachment p
been energized for more/than 48 h prior to the test and that is at room

o another, the

ived condition
lug. A product
mperature is

e
be in the as-received.condition. The supply voltage is to be the maximum voltlge marked on

t, but not less than 120 V. The test sequence, with reference to the meas

uring circuit —

age current is
evices in their

current is to be

Figure 34.1 —|is to be as follows:
a) Wit:l:-.SWitCh SM.open, the product is to be connected to the measuring circuit. Lea
to be easuréd)using both positions of switch S2, and with the product switching d
normaj-operating positions.
b) Switch-S1-is-thentobe closedenergizing-the productand-within 5-s the leakage
measured using both positions of switch S2, and with the product switching devices in their normal-
operating positions.

c) Leakage current is to be monitored until thermal stabilization. Both positions of switch S2 are to
be used in determining this measurement. Thermal stabilization is to be obtained by operation of
the product as in the Temperature Test, Section 38.

34.1.9

Normally, the complete leakage-current test described in 34.1.8 is to be conducted without

interruption for other tests. With the concurrence of those concerned, the leakage current test may be
interrupted for the purpose of conducting other nondestructive tests.
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34.2 Shock current test

34.2.1

If the open-circuit potential between any part exposed only during user servicing and earth

ground or any other simultaneously accessible part exceeds the values specified in 11.1 (a), the
continuous current flow through a 500-Q resistor shall not exceed the limits specified in Table 34.1

Table 34.1
Current during user servicing
Maximum acceptable current through a 500 Q resistor,
Frequency, Hz? mA peak

U— 100 7.1

500 9.4

1000 11.0

2000 14.1

3000 17.3

4000 19.6

5000 22.0

6000 25.1

7000 27.5
or more

@ Linear intq
correspond

rpolation between adjacent values may be used to determine'the maximum acceptable current
ng to frequencies not shown. The table applies to repetitive, nonsinusoidal or sinusoidal waveform

34.2.2 Unre
or the elemen
short-circuited

34.2.3 Curre

a) Mad
operati

b) Mad
35 Leakage

35.1 After b

iable insulation, such as that usually used between the terminals of an electro
ks of a solid-state component (diodetransistor, integrated circuit, or similar
during this test.

nt measurements are:

e with any operating control, or adjustable control that is subject to user of
hg positions; and

e with or without-a fuse, separable connector, or similar device in place.

Current Test After Humidity Conditioning

lytic capacitor
part), may be

eration, in all

uirements for

eing“conditioned as specified in 35.2, a product shall comply with the req

244 4

leakage currer

g
mnro=. 1. 1.

35.2 A sample of the product is to be heated to a temperature just above 34°C (93°F) to reduce the risk
of moisture condensation during conditioning. The heated sample is then to be placed in a humidity
chamber and conditioned for 48 h at a temperature of 32 £2°C (90 +4°F) and a relative humidity of 88 £2%.
After the conditioning, the sample is to be tested unenergized as specified in 34.1.8(a). The sample is then
to be energized and tested as specified in 34.1.8(b) and 34.1.8(c). The test is to be discontinued when the
leakage current stabilizes or decreases.

36 Resistance of Grounding Circuit Test

36.1 The resistance between the point of connection of the equipment-grounding means, at or within the
product, and any other point in the grounding circuit shall not be more than 0.1 Q.
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36.2 Any appropriate instrument may be used to determine whether a product complies with the
requirement in 36.1. If results of greater than 0.1 Q are recorded, an alternating current of at least 20 A
from a power supply of not more than 12 V is to be passed from the point of connection of the equipment-
grounding means to any point in the grounding circuit. The current and the resulting drop in potential are to
be measured between the two points. The resistance in ohms is to be determined by dividing the drop in
potential in volts by the current in amperes passing between the two points. The grounding conductor of a

power-supply

cord is not to be tested by the latter method.

37 Power-Input Test

37.1

than 5% when the product is tested as specified in 37.2.

The current or wattage consumption of a product shall not exceed the marked input rating by more

37.2 Adrive
center of gray
orientations,

combination.
maximum siz
product is thg
maximum vol

unit that rotates a vertically mounted mast is to be loaded with a 15-Ib(6.3-}

g) weight, the

ity of which is along the central axis of the mast mounting means. Fof pther mast mounting

consideration is to be given to the weight and moment of the intehded mas
The control unit is to be connected to the drive unit by an interconnectin
e (AWG) recommended by the manufacturer and not moresthan 15-ft (4.5
n to be operated as intended, while connected to a supply-.gircuit of rated

age (but not less than 120 V) and with controls adjusted tg'give maximum inpy

t and antenna
) cable of the
-m) long. The
[requency and
t.

38 Tempergture Test
38.1 General
38.1.1  When a product is tested as specified in this section:
a) Theltemperature at any part shall not be, sufficiently high to constitute a risk of fire pr to adversely
affect any materials employed,
b) Thg maximum temperatures attained shall not exceed those specified in Table 38.1 and Table
38.2, 9nd
c¢) A thermal- or overcurrentsprotective device shall not function.
Table 38.1
Maximum acceptable temperatures
Materials and components °Cc °F
A. COMPONENTS
1. Capacitor®
a. Electrolytic 65 149
b. Other type 85 185
2. Conductor, rubber- or thermoplastic-insulated® 60 140
3. Fuses
Class G, J,L, T,orCC
Tube 125 257
Terminals 90 194
Other 90 194
4. Silicon rectifier™ © 100 212

Table 38.1 Continued on Next Page
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Table 38.1 Continued

Materials and components °C °F

5. Windings of a motor, relay, solenoid, magnet, transformer, and the like, with Class
105 insulation systems®

Thermocouple method 90 194
Resistance method 100 212
6. Wood and other combustible material 90 194
B. ELECTRICAL INSULATION — GENERAL
1. Fiber employed as electrical insulation 90 194

2. Phenolic composition employed as electrical insulation or as a part the deterioration

f‘ iale Lel L ol £ Lo ot Lol (W)
O wRtereotharresttriraTSKorire-orerectrcarsnocK

a. Laminated 125 257
b. Molded 150 302
3. farnished-cloth insulation 85 185
C. SURFAQES
1. Ipterior surface of an overall enclosure of polymeric material (control and drive units) 50° 122°
2. Hxterior surface of an overall enclosure other than polymeric (control and drive-dnits) 90 194
3. Handle or knob See Table 38.2
4. Holymeric materials (other than phenolic) 50° 122°

@ A capacitqr operating at a temperature higher than that specified in the table may be judged on the basis of ifs marked
temperaturg rating. If not marked with a temperature rating, it may be investigated to determine its acceptabilify at the
higher temgerature.

® This limitafion does not apply to an insulated conducted, a rectifief-a material, or component that has been
investigated and found to comply at a higher temperature.

© A rectifier pperating at a temperature higher than 100°C (212°F) may be judged on the basis of its case temgerature at
the actual current compared with the case temperature at'rated current — derating curves.

d At a point pn the surface of a coil where the temperature is affected by an external source of heat, a hot-spot
temperaturg not higher than 105°C (221°F) on the sutface of a coil winding complies if the temperature, as mgasured by
the resistance method, is not more than that specified in the table.

Table 38.2
Maximum surface temperature

Composition of surface?

Location Metal Nonnjetallic
Handle or knob that is grasped for lifting, carrying or 50°C (122°F) 60°C (140°F)
holding
Handle or knob that is contacted but does not 60°C (140°F) 85°C (185°F)
involve lifting, carrying or holding, and other
surfaces subject to contact and user maintenance

@ A handle, knob or similar part made of a material other than metal, that is plated or clad with metal having a thickness of 0.005 in
(0.13 mm) or less is considered to be, and judged as, a nonmetallic part.

38.1.2 The temperatures specified in Table 38.1 and Table 38.2 are based on an assumed ambient
temperature of 25°C (77°F). A test may be performed at an ambient temperature within the range of 10 —
40°C (50 — 104°F).

38.1.3 During a test performed at an ambient temperature of 25°C (77°F), an observed temperature shall
not be greater than the required value specified in Table 38.1 and Table 38.2.

38.1.4 If atestis performed at an ambient temperature other than 25°C (77°F), an observed temperature
other than as mentioned in 38.1.5 shall be corrected as described in 38.1.6. Neither a corrected
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temperature nor an observed temperature as mentioned in 38.1.5 shall exceed the required value
specified in Table 38.1 and Table 38.2.

38.1.5 An observed temperature limited by an automatic temperature control or by a process such as the
boiling of water or the introduction of a liquid at a fixed temperature is not to be corrected.

38.1.6 An observed temperature is to be corrected by addition (if the ambient temperature is lower than
25°C (77°F)) or subtraction (if the ambient temperature is higher than 25° C) of the difference between
25°C and the ambient temperature.

38.1.7 If a corrected temperature exceeds the required value specified in Table 38.1 and Table 38.2, at
the request of the manufacturer, the test may be repeated at an ambient temperature closer to 25°C
(77°F).

38.2 Thermal equilibrium

38.2.1 Thenmal equilibrium is considered attained when three successive readings taken at 15-min
intervals indicate that there is no temperature change of the part.

38.3 Test conditions

38.3.1 The product is to be tested with the maximum projection{on the back of the control{unit in contact
with a flat veriical wall of wood or comparable heat-insulating material except that the spacirig between the
wall and the main surface of the back of the control unit is pot'to be less than 1 in (25.4 mm).

38.3.2 Doorp and covers that may be closed during-operation of the product are to be closed during the
test.

38.3.3 Rubher-like and felt materials are_to be removed from supporting feet to the exterlt that they are
likely to be wqgrn off in normal service.

38.3.4 A hofizontal ventilating screen that is subject to the accumulation of dust and that has holes less
than 3/64 in (1.2 mm) in diameter,are to be covered with loose cotton.

38.4 Operating conditions

38.4.1 The productisto be operated until constant temperatures are reached:

a) Under the conditions specified in 37.2;

b) With all unused receptacles loaded to their maximum rating; and

c¢) With the product mounted, positioned, closed, or enclosed to represent intended use.

38.4.2 The operation of the product is to be such that an antenna attached to the drive unit would
undergo two complete cycles of rotation (one cycle consisting of one full clockwise and one full
counterclockwise rotation) every 15 min.

38.5 Thermocouples

38.5.1  When thermocouples are used in the determination of temperatures, it is common practice to
employ thermocouples consisting of 30 AWG iron and constantan wires and a potentiometer-type
instrument. When it is not practical to use iron and constantan thermocouples, some other type as
described in the Tolerances on Initial Values of EMF versus Temperature tables in the Standard
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Specification and Temperature-Electromotive Force (emf) Tables for Standardized Thermocouples,
ANSI/ASTM E230/E230M, may be used.

38.6 Winding-temperature measurement

38.6.1 Ordinarily, the temperature on a winding is to be measured by applying a thermocouple to the
hottest part of the surface of the coil winding. If the winding is enclosed, a hole is to be made in the case;
and, if the winding is potted, a heated wire may be used to provide a hole in the compound before the
thermocouple is placed in contact with the coil surface. If the winding is inaccessible for mounting a
thermocouple, the resistance method is to be used.

38.6.2 When determining the temperature by the change-in-resistance method, the windings are to be at
room temperakure at the start of the test. The temperature of a winding is to be calculated by using the
following equdgtion:

T

R
—(k+1t)—k
r

In which:

T is thg temperature in °C;

R is the resistance of the coil at the end of the test in ohins;
ris thelresistance of the coil at the beginning of the.feést in ohms;
t; is thg room temperature at the beginning of:the test in °C; and

k is 234.5 for copper, 225.0 for electrical conductor grade (EC) aluminum. Values of the constant

(k) for ¢ther grades must be determined:

39 Control-Unit-Output Tests

39.1 Current-capacity test

39.1.1 To co

output current

39.1.2 The ¢

mply with 24.1(a), under any noncapacitive condition of loading (including shc
of a contralunit shall comply with the requirements in 39.1.2 or 39.1.3, as appl

utput.current of a control unit not provided with a thermostat shall not be mg

rt circuit), the
cable.

re than 8 A 1

min after the

rimary is energized to the maximum rated voltage but not less than 120 V. T

e unit is to be

tested with all combinations of interconnection of output terminals.

39.1.3 The output current of a control unit provided with a thermostat shall comply with one of the

following:

a) If the thermostat remains closed for 1 min after the primary is energized at maximum rated
voltage, the current shall not be more than 8 A at the end of that period. The unit is to be tested with

all com

binations of interconnection of output terminals.

b) If the thermostat opens in less than 1 min after the primary is energized at maximum rated
voltage, the current shall not be more than 8 A when the thermostat opens. The unit is to be tested

with all

combinations of interconnection of output terminals.
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Exception: The current may be more than 8 A but not more than 10 A when the thermostat opens if,
when the unit is retested with the thermostat shunted out, the current is not more than 8 A 1 min
after the primary is energized.

39.2 Volt-ampere-capacity test

39.2.1

To comply with 24.1 (b), the maximum volt-ampere output capacity of a control unit shall not

exceed 250 VA. The unit is to be tested with all combinations of interconnection of output terminals.

39.3 Measu

39.3.1 The

rement

short-circuit current or maximum volt-ampere output capacity of the contr,

| unit is to be

determined a
protective de
resistance log
circuit is regu
output tested
again before
voltage but ng

39.3.2 The
circuit conditi
voltage and ¢
from this grap

39.4 Continuous operation test

39.4.1 The
conditions an
or volt-amper
exceed the lin

Exception: If
conducted.

39.5 Open-

39.5.1 The
(42.4 V peak

5 follows. The control unit, at room temperature, is to be connected as intende

d. If a fixed-series impedance or relied upon to limit the output, that impedan
ator circuit to be included in the circuit during the test. A multiple-output unit
with all the other outputs open-circuited, and is to be allowed to cool to ro
bnother output is tested. The control unit is to be connectedfo_a source of
t less than 120 V.

oad on the output is to be varied in approximately temincrements from open-
bns in 2-1/2 min. For each step or increment in 4he“resistance, the produc
urrent are to be recorded, plotted, and drawn as:a smooth curve. The peak
h shall not exceed that specified in 39.2.1.

output of the control unit is to_be' subjected to continuous operation und
 at maximum power to the extérnally connected resistor as described in 42.1)
e capacity measurements, in39.3.1 or 39.3.2 are to be repeated and the re
nits specified in Control-Unjt=Output Limitations, Section 24.

the short-circuit _test*runs continuously for 7 h, the maximum-power test

Circuit-voltage test

open=Circuit voltage between any two output terminals shall not be more t
when the unit is connected to a source of maximum rated voltage but not le

i, overcurrent-

ices are to be short-circuited, and the output in question is to be connected to a variable

Ce or regulator
s to have one
temperature

e
aximum rated

ircuit to short-
of the output
alue obtained

br short-circuit
8. The current
sults shall not

need not be

han 30 V rms
5s than 120 V.

The measure

Tentisto be made betweermany combinatiorrof interconmectedoutput termina

39.6 Unreliable-component-failure test

39.6.1

S.

If a regulating or other type of circuit is located between the points being measured and the power

supply, the opening or short-circuiting (singly) of any unreliable component (electrolytic capacitor,
transistor junction, diode, vacuum tube, and the like) in that circuit shall not cause the limits in 24.1 to be
exceeded.
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40 Dielectric Voltage-Withstand Test

40.1

40.11

General

application of the test potentials specified in Table 40.1.

The insulation and spacings of a product shall withstand without breakdown for 1 min the

Exception: This requirement does not apply if an investigation shows that such breakdown will not result in
a risk of fire or electric shock.

40.1.2 Ad-c

test voltage is not to have more than 3% ripple.

40.1.3 The't
with a high-reg

4014 The
described in 4
to exceed the

bst voltage is to be measured directly across the points of application of-the
istance voltmeter.

est voltage is to be raised gradually and smoothly to the specified value
D.1.3 so that there are no transients that may cause the instantaneous test po
beak value specified.

test potential

measured as
ential applied

Table 40.1
Dielectric voltage-withstand test potentials and applications
Circuit or component being tested Areas.of application® Test potentjal, V°
Primary cirguit
Hrinted-wiring c,d 1000 £2V, dc
All parts c,d 1000, 60 Hz
Power trangformer e 1,000, 60 Hz
Other circu
ower-transformer-supplied segondary f 1000 +2V, dc
Load side df rectifier of direct-connected supply d, f 1000 +2V, dc
Functional insulation g 1000, 60 Hz
Supplementary insulation g 2500, 60 Hz
Reinforced |jinsulation g 3500, 60 Hz

2 Power-di

ipating component parts, electronic devices, and electrolytic capacitors located between the circy

test are to e removed-or disconnected so that the spacings and insulations, rather than such component parts, are
subjected t¢ the fulkdielectric voltage-withstand test potential. Switches and other controls, whether accessibl
are to be sqt-oradjusted so that all conductors and parts intended to be tested are connected to the circuit un

its under

P or not,
er test.

-40.2.3.

1
2
3

circuit. The
1
2

bV equals the maximum peak potential In volts between the conductor of part 1o be tested and earth, an acce
conductive part, or other conductive part; measured with the products operating under the conditions specified in 40.2.1

¢ Across the insulation and spacing between primary circuit parts and the following parts all connected together:

) The grounding terminal (if any).
) The enclosure, with a conductive foil wrapped around insulating portions of the enclosure.

) Accessible conductive parts.

9 Across the insulation and spacing between parts of opposite polarity.

¢ Across the insulation and spacing between windings and parts of a transformer conductively connected to the supply

windings and parts to be tested are to include each of the following:
) Primary to shield or guard (if employed).

) Primary to core.

Ssible

Table 40.1 Continued on Next Page
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Table 40.1 Continued

Circuit or component being tested Areas of application?

Test potential, V°

following:

3) Primary to each secondary (or all secondaries connected together).
f Across the insulation and spacing between parts of circuits involving a risk of electric shock or fire and each of the

1) The grounding terminal (if provided).
2

The enclosure, with a conductive foil wrapped around insulating portions of the enclosure.

)
)
)

3) Accessible conductive parts.

4) All other circuits.
9 Across the insulation. See 13.1.7 — 13.1.9.

40.2 Maximum voltage

40.21 The
potentials sp¢

40.22 Too
opened.
40.2.3 Aco
servicing is tg
obtained.

41

41.1 If the n
rating when n
circuit when s

41.2 The pr
the maximum|
measured ad

maximum voltage used as a basis for the calculation of the dielectric vol
cified in Table 40.1 is to be determined in accordance with 40.2.2 and 40.2.3.

btain the maximum voltage, any combination of fuses andother protective d

nnector or comparable part that is likely to be disconnected during normal op
be both connected and disconnected duringcthe test so that the maximum v,

Capacitor Test

neasured under the conditions_specified in 40.2.2 and 40.2.3, the capacitor s
ubjected to the test specified.in 41.2.

voltage conditions\specified in 40.2.2 and 40.2.3 are to be introduced. The v
ross the capdcitor for 15 min. If there is any increase in the leakage

corresponding decrease .in\voltage, two additional samples are to be tested under the sa

The capacitor

42 Abnorm

compliesiifthe three samples operate for 15 min without short circuiting.

al-Operation Tests

age-withstand

bvices may be

bration or user
pltage may be

haximum voltage across an electrolytic capacitor is more than its marked operating-voltage

hall not short-

bduct is to be operated until the capacitor reaches normal operating temperatiire after which

oltage is to be
current or a
me conditions.

42.1

42.1.1

General

During the abnormal operation test specified in 42.1.2 — 42.2.3, there shall be:

a) No glowing or flaming of the single layer of cheesecloth.

b) No glowing or flaming of the tissue paper.

c) No flaming resulting from the test that continues for more than 30 s.

d) No opening of the 1-A fuse connected to earth ground.

e) No development of an opening in the overall enclosure larger than that acceptable as
determined by Accessibility of Parts, Section 10.
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42.1.2 The product is to be connected to a supply circuit fused at 30 A. The control unit is to be placed
on a white tissue-paper-covered softwood surface. Exposed dead metal parts are to be connected to earth
ground through a 1-A nontime-delay fuse. The supply-circuit connection is to be such that the maximum
potential exists between the protective device of the product, if any, and the chassis.

42.1.3 The supply-circuit voltage is to be 130 V, except that a lower test voltage may be used, but not
less than 105 V, if the lower value will represent a more severe test condition or if a protective device
would open at a higher test voltage.

42.1.4 A single layer of cheesecloth is to be draped loosely over the control unit.

42.1.5 A part of the product subject to removal during user servicing may be omitted if it is:

a) Not hecessary for the functioning of the product,

b) Not

c) Not held captive.

42.1.6 Inher
4217 An
component or
test burns ope

bxposed to view during normal operation, and

ent-overheating protection, if provided, is to be investigated'to determine its ag

hbnormal-operation test involving stalling a moter or short-circuiting or
circuit to maximum power is to be conducted until‘a risk of fire develops, the
h, or no further change is likely to take place, butynot for longer than 7 h.

ceptability.

verloading a
circuit under

42.1.8 The erm maximum power referred to in 42.1.7.is defined as the maximum power that the source

of power is ca
investigated a

42.1.9 If thg
repeated twicq

pable of delivering into an external variable resistor connected between the
nd any return to the source of power,

circuit is interrupted by the -opening of a component or protective device, th
, using new components if necessary.

points being

b test is to be

42.2 Compgnent abnormal opetation test

4221 A ris
conditions tha

k of fire or electric shock shall not result when a product is operated under abnormal

are likely te-oecur during intended use.

42.2.2 The test conditions are to be as specified in 42.1.2 -42.1.9.

42.2.3 Malflnction of a component and likely misuse of the product that may resulf in al risk of fire or

electric shock are to be simulated during the abnormal tests. Only one fault is to be assumed at a time.
Examples are:

a) Stalling the rotors of a motor, including that of a drive unit, due to bearing wear, loss of
lubrication, ice buildup, or the like.

b) Blocking the plunger of a solenoid in the de-energized position.

c) Short-circuiting any two terminals of an unreliable component (electrolytic capacitor, diode,
transistor, vacuum tube, and the like).

Exception: It is not necessary to short-circuit a component connected in a circuit that has an
available power of less than 15 W, determined in accordance with the Available-Power Test,
Section 43.
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d) Continuous operation of a user-actuated drive-unit control switch of the type mentioned in

22.2.2

e) Continuous operation with any combination of control-unit-output terminals short-circuited.

43 Available-Power Test

43.1

43.1.1

General

To determine the power available to a part as mentioned in the Exception to 19.1.1, note c to

Table 7.1, and 42.2.3(c), the source of power for the part in question shall be investigated according to

43.2.1 —43.3.4, as applicable.

4312 The
432 15-Wp

43.2.1 Aso
nearest the p
connected sir

43.2.2 The
and with all cq

4323 Tol
43.2.1, an adj
the circuit un
consumes th

than 15 W, tm

wattmeter res
the product, &
external resig
resistor is thg
reading. The
protective de
desired point

supply-circuit voltage is to be as described in 42.1.3.
oint determination

urce of power for a component part or assembly is to be investigated to detern
bwer supply not capable of delivering a power of more than-15 W into an e
gly between each of these points and any return to the power supply.

measurements specified in 43.2.1 are to be made with the product operatin
mponents and circuits in place.

pcate the points not capable of delivering{more than 15 W of power that are
ustable resistor is to be set for maximum resistance and then connected to a
ler investigation as illustrated in Figlfe 43.1. The external resistor is to be 3
maximum power as indicated by a peak reading of the wattmeter. If the re
e desired point has not been‘located and it is then necessary to move th
istor to other points away fremthe supply side of the circuit. If a protective de
shorting switch is to becohnected across the protective device in the closec

n to be adjusted se.the power it dissipates is exactly 15 W as indicated by
switch across the Jprotective device is then to be opened and the time re
ice to open is‘to be recorded. If the protective device opens the circuit in 5
hot capabletof delivering more than 15 W has been located.

nine the points
ternal resistor

g as intended

mentioned in
wattmeter and
djusted until it
ading is more
e input to the
vice is used in
position. The

tor is to be adjusted forr maximum resistance before being connected in the circuit. The

the wattmeter
quired for the
s or less, the
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Figure 43.1
Connection of wattmeter
WATTMETER
/ EXTERNAL
——_ LOAD
L_ § RESISTER
i
CIRCUIT | I
UNDER [=—m |
TEST |
E
T o__\___\
VOLTAGE COIL X — CURRENT COIL
SB1225
43.2.4 If a fegulating or other type of circuit is located betweend{the points being meagured and the

power supply,
cause the limit

43.3 Circuit

43.3.1 The
of fire or ele(
maximum pow

43.3.2 Asa
and the powe
characteristicq

43.3.3 Thet

43.3.4 If thg
maximum-pow

the opening or short-circuiting (singly) of any unreliable component in that c
specified in 43.2.1 to be exceeded.

abnormal-operation test
points determined by the measurements specified in 43.2.1 — 43.2.4 shall not

tric shock under the conditions of\'separately short-circuiting them or loa
er.

result of the test specifiedini43.3.1, no components located between the point
r supply shall be affected to such a degree — for example, by a chang
— as to cause the limit in 43.2.1 to be exceeded.

est conditions are to be as specified in 42.1.1 —42.1.9.

short-circuit tests specified in 43.3.1 continue for 7 h, it is not necessary t
er test:

44 Drive-Un

441

4411

L

U

rcuit shall not

esult in a risk

ding them to

being tested
in value or

D conduct the

it-Control Switch Tests

General

A drive-unit control switch (see 22.2.1 and 22.2.2) that is not connected in a circuit complying

with the requirements in Control-Unit-Output Limitations, Section 24, shall be tested as described in 44.1.2

—44.2.1. Ther

e shall be:

a) No electrical or mechanical malfunction of the switch,

b) No welding or undue-burning or pitting of the contacts, and

¢) No opening of a 1-A nontime-delay fuse connected between accessible conductive parts and
earth ground.
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44.1.2 Three samples are to be tested. Each sample is to be operated at a rate of not more than 10
cycles per minute for the tests described in 44.1.3 and 44.2.1, except that a faster rate may be employed if
agreeable to those concerned.

44.1.3

Each sample is to be subjected to 50 cycles of operation with the rotor of the drive unit stalled

and the control unit connected to a supply circuit of maximum rated voltage, but not less than 120 V.

44.2 Endurance test

44.2.1

Following the overload test, each sample is to be subjected to 100,000 cycles of operation as in

intended use with the control unit connected to a supply circuit of maximum rated voltage, but not less than

120 V.

45 Strain-Relief Test

achment of the power-supply cord to the product shall be subjected-to the te
ult of the test, there shall be:

cutting or tearing of the insulation or covering on the flexible, cord.
5liding of the bushing through the hole in the chassis of\€nclosure.
5liding of cemented-on bushings on the cord.

separation of an interlock connector from the product, or damage to the conn
ot perform its intended function.

e) No fransmission of stress to terminals, splices, or internal conductors.

451 The at
45.2. As ares
a) No
b) No
c) No
d) No
does 1
45.2 Three
(156 N) or by
be applied to

One sample n

45.3 As an
withstands a

454 The tes
test specified
material.

samples are to be tested. The force is to be applied by a weight that exerts a
a steady pull of 35 Ibf. With the chassis in the cabinet in the intended manner.
the cord from any anglepossible. The average time of holding is not to be |
hay hold for less than 15 s; but not less than 5 s.

hlternative to the'test method described in 45.2, only one sample need be tes
5-Ibf (156-N).force for 1 min.

5t described in 45.2 or 45.3 is to be conducted both before and after the tempe
in 48:4.2 when the integrity of the strain-relief means is dependent upo

5t described in

ector so that it

force of 35 Ibf
The force is to
ess than 15 s.

ted if the cord

rature stability
n a polymeric

46 Separab

46.1

le-Connector-Cycling Test

A separable-type connector (that is, one not held to its mating part by a screw, clamp, or similar

part, and that does not require the use of a tool to accomplish the separation) shall withstand without
damage the cycling test described in 46.2.

46.2 The testis to be conducted with the product operating as intended. The connector is to be made to

make and bre

ak the circuit at 6-s intervals for:

a) 10 cycles ifitis in a circuit on the load side of a rectifier, or

b) 50 cycles if it is in the supply (primary) input circuit.
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47 Flexing Test

471

The insulation of wiring that is subjected to flexing during intended use and that involves a risk of

fire or electric shock shall not be cut, abraded, or otherwise damaged when subjected to the flexing test
specified in 47.2.

47.2 The wiring is to be subjected to 100,000 cycles of operation simulating intended use.

48 Strength

of Enclosure Tests

48.1 General

48.1.1 When control unit enclosure is subjected to the tests specified in 48.1.3 — 48.5.2,.the
a) No gdevelopment of an opening larger than acceptable as determined by Acces
Parts, $ection 10.
b) No gffect on the performance of the product that results in a risk of fire, electric sho
persong.

48.1.2 In addition, when a control-unit enclosure is subjected to thé test specified in 48.5

there shall bs

operation or u

48.1.3 Aca
shall withstan

knob captive g

48.2 Loadin

48.2.1 The
1 min to the lo

48.2.2 The
horizontal su
force of 0.25 t

re shall be:

5ibility of Live

ck, or injury to

1 and 48.5.2,

ber servicing of the unit.

ptive knob used to reduce the risk of accessibility of parts involving a risk of
i the pull test specified in 48.6.1 and 48.6.2 without damage to the means
r parts involving a risk of electric shogk'becoming accessible.

p test

bverall enclosure of a control unit weighing more than 10 Ibs (4.5 kg) is to be
hding test specified in 48.2.2.

complete contreh.unit is to be set on a 2-in (50.8-mm) diameter steel ball
ce having dimensions not less than those of the base of the product. A weigh
es the weight of the product in pounds (kg) plus 4 Ibs (1.8 kg) is to be placeq

product, direcfly over the-steel ball. Rubber-like and felt materials are to be removed from s
to the extent|that<they are likely to be worn off in intended service. Supporting feet
permanently secured to the enclosure are to be removed.

48.3 Pressu

48.3.1

no shrinkage, warping, or other distortion that<«Could result in interferenc¢ with normal

electric shock
hat holds the

subjected for

resting on a
t that exerts a
on top of the
upporting feet
that are not

re test

A force of 20 Ibf (89 N) is to be applied for 1 min to any point on the overall enclosure except the

bottom. The force is to be applied by a 1/2-in (12.7-mm) diameter rod, the end of which is rounded to a
1/2-in diameter hemisphere. The force is to be applied normal to the plane of the enclosure surface.

48.3.2 Any point on the bottom of the overall enclosure of a control unit weighing 10 Ibs (4.5 kg) or less
is to be subjected to a 1-min application of a force of 15 Ibf (67 N) applied as described in 48.3.1.

48.4 Impact

48.4.1
impact of 5 ft-I

test

bs (0.69 kg-m) as specified in 48.4.2.

The top, sides, and front of the overall enclosure of a control unit are to be subjected to a single
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48.4.2 The impact is to be produced by allowing a steel sphere, 2 in (50.8 mm) in diameter and weighing
1.18 Ibs (535 @), to fall vertically from rest through the necessary distance to produce the desired impact.
For surfaces other than the top of an enclosure, the steel sphere is to be suspended by a cord and allowed
to swing as a pendulum, dropping through the necessary distance to produce the desired impact. The test
is to be conducted with the enclosure placed against a vertical wall. Parts of the enclosure that may
interfere with the cord of the pendulum are to be removed.

48.5 Temperature-stability test

48.5.1 The overall enclosure of a control unit constructed of a polymeric material is to be subjected to
one of the following tests at the manufacturer's option:

Ny a volume not
within the cell
at the base of
supply circuit
ving an area

maintained at
a temperature of 10°C (18°F) higher than the maximum operating temperature of the enclosure,
measyred at the hottest spot on the inside of the enclosure; under normal operating fonditions, but
not legs than 70°C (158°F). The unit is not to be operated\during the test.

48.5.2 Conpponent parts, such as knobs, windows, and“inserts that are distorted as a result of the
temperature gtability test may be removed in order to eliminate interference with normal opgration or user
servicing of the control unit provided that removal of the parts does not result in inability of the unit to
comply with the requirements in 48.1.1.

48.6 Captive knob pull test
48.6.1 A captive knob used to prevent accessibility of parts involving a risk of electric phock is to be
subjected for[1 min to a pull of 15 1bf (67 N) in any direction made possible by the congtruction of the

product.

48.6.2 If pplymeric materials are involved in the construction, the test described in 48.6.1 shall be
conducted both before and after one of the temperature stability tests specified in 48.5.1.

MANUFACTUYRING AND PRODUCTION TESTS

49 Dielectric Voltage-Withstand Test

49.1 Each product shall withstand without electrical breakdown, as a routine production-line test, the
application of a 40 — 70 Hz potential between the primary wiring, including connected components and
accessible metal parts.

49.2 The test potential is to be 1000 V applied for 1 min or 1200 V applied for 1 s.

49.3 The test is to be conducted when the product is complete and ready for packing, or when it is
complete except for the installation of a part, such as a snap cover or friction-fit knob, that interferes with
the performance of the test. For the test, the product may be in the heated or unheated condition.

49.4 The test equipment is to include a transformer having an essentially sinusoidal output, a means of
indicating the test potential, an audible or visible indicator of electrical breakdown, and either a manually
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