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INTRODUCT

1 Scope

ION

1.1 These requirements cover electrical and electrically operated indicating and recording instruments of
the analog type that are powered only from the measured parameter and are intended for ordinary use in

panel boards

and the like.

1.2 These requirements cover direct-acting or indirect-acting instruments and accessories that may
contain electronic devices.

1.3 These requirements cover instruments indicating quantities of electrical analogs including all of the

following:
a) A
b) V
c) W

d) Vv

e) Flequency meters.

f) Pd

g) S

1.4 These r¢

microammefers, high-resistance voltmeters, thermo-milliammeters, thermal voltm

vacuum-cou

1.5 These re

of operation @s follows:

nmeters.
bltmeters.
attmeters.

hrmeters (reactive volt-ampere meters).

wer-factor meters.
nchroscopes.

quirements cover instruments constructed for special purposes such as, ultrg
le type, and instruments with(special and unusual ranges.

quirements cover analog_instruments that may be categorized according to ug

sensitive d-c
pters of the

e or principle

a) Usge:
1) Panel-Type, including edgewise.
2)~Switchboard type, including edgewise.
b) Primcipteof operatior:

1) Electrodynamics.

2) Permanent-magnet moving coil.
3) Moving iron.

4) Thermocouple.

5) Rectifier.
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1.6 These requirements also cover auxiliary equipment and accessories designed to be used with
measuring instruments as indicated in 1.1 — 1.5.

1.7 These requirements do not cover:

a) Indicating instruments provided with arrangements for curve drawing, contact making, and
the like that derive the power for the functioning of these arrangements from an external source

other

than the measured parameter.

b) Instruments that use active devices such as transistors, electron tubes, and the like for
amplifying the electrical quantity measured, that require a power source other than the quantity
measured for operation. An example of this is a battery-powered ohmmeter. This equipment is

cove
1244

1.8 Instrume
elements) log

a) T¢
or sh

b) A
c) R

1.9 These re
accuracy, or

1.10 Throug
instruments 4

1.11 A prodd
from those cg
injury to pern
requirements
by the intent

ed by the requirements Tor electrical and electronic measuring and testing equ

hts covered by these requirements are intended for use indoors oriin Shelte
ations, as follows:

emperature — 5 — 40°C or 41 — 104°F; instruments may occasionally be used f
prt periods at minus 10 — plus 5°C or 14 — 41°F.

titude — Up to 2200 meters (7218 feet).
plative Humidity — Up to 80 percent.

quirements do not cover certain other propérties of the instruments such as
Feliability.

hout this Standard the term "insttument” applies to analog indicating a
nd their accessories as described in 1.1 — 1.6.

ct that contains features, ¢haracteristics, components, materials, or systems n6g
vered by the requirements in this Standard, and that involves a risk of fire, eleq
sons shall be evaluated using the appropriate additional component and
as determined neeessary to maintain the acceptable level of safety as origina

of this Standard:”” A product whose features, characteristics, components,

systems conflict with specific requirements or provisions of this Standard cannot be judged t

this Standard
conformance

. Where considered appropriate, revision of requirements shall be proposed a

ipment, UL

red (from the

or temporary

pffectiveness,

nd recording

w or different
tric shock, or
end-product
ly anticipated
materials, or
b comply with
nd adopted in

with the methods employed for development, revision, and implementation of this Standard.
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2 Glossary

2.1 Forthep

urpose of this Standard, the following definitions apply.

2.2 ACCESSIBLE PART — A part that can be contacted by a person either directly or by means of a
probe — see Figures 8.1 and 8.2 — when the instrument is in use.

2.3 CIRCUIT-TO-GROUND VOLTAGE - The rated value of voltage with respect to earth ground.

2.4 CLEARANCE DISTANCE - The shortest distance measured through air between conductive parts.

2.5 CREEPAGE DISTANCE - The shortest distance measured over the surface of insulation between

conductive p@irts, excluding gaps of less than 1.0 mm (0.039 inch).

2.6 ELECTR
gas, or semig

2.7 GROUN
circuit or inst

2.8 MEASUH
instrument to

2.9 RATING
3 Componer]

3.1 Except &
requirements

3.2 A compdg

a) In

proddict covered by this Standard, or

b) Is

3.3 A compd
conditions of

3.4 Specific

ONIC DEVICE — A part or an assembly of parts in which electrons flowsthroug

D — A conductive connection, whether intentional or unintentional,'between an

onductor.

ument and the earth, or to some conducting body that serves.in place of the ¢

which connection is made to serve the instrument’s-fiinction.

ts

S indicated in 3.2, a component of a product covered by this Standard shall co
for that component.

nent need not comply with a spécific requirement that:

volves a feature or characteristic not needed in the application of the compongs

superseded by arequirement in this Standard.

nent shall2be used in accordance with its recognized rating established for
use.

components are recognized as being incomplete in construction features o

h a vacuum,

electrical
parth.

RING (CONTROL, TEST) TERMINAL — The external terminal or connector of the

— An electric value assigned to a component orinstrument in determining its @pplication.

mply with the

ent in the

the intended

restricted in

performance

capabitites.SuchTomponents are imended—for useonty urnder tirmited—corndit

ons, such as

certain temperatures not exceeding specified limits, and shall be used only under those specific conditions
for which they have been recognized.
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4 Units of Measurement

4.1 If a value for measurement is followed by a value in other units in parenthesis, the second value may
be only approximate. The first stated value is the requirement.

5 References

5.1 Any undated reference to a code or standard appearing in the requirements of this Standard shall be
interpreted as referring to the latest edition of that code or standard.

CONSTRUCTION

6 General
6.1 General
6.1.1 The ing
a) P
b) P
6.1.2 The m
involving risk
otherwise.
6.2 Compon
6.2.1 Eachc
can result in
such a mann
7 Enclosure
7.1 General
7.1.1 The en
subjected d{

displacement
requirements

trument shall be constructed to provide, either in normal use or under fault co
otection against the risk of electric shock, personal injury, and fire, and
otection of components and wiring from displacement,of_damage.

pterials and components referred to in 6.1.1 and “elsewhere in this Standg
of fire, electric shock, or personal injury and aré\so considered unless specifid
PNt construction requirements
bmponent shall be fastened and secured if breaking or loosening of any electrig
Fisk of fire, electric shock, or personal injury. Internal wiring shall be routed an

pr that its insulation is not damaged or degraded.

and Insulating Materials

ring normal*use and operator servicing without a reduction of spacings,
of parts Jor other defects that may result in inability of the instrument to co
in this Standard.

nditions:

rd are those
ally indicated

al connection
| protected in

closure shall'have the strength and rigidity necessary to resist the abuses to wiich it may be

loosening or
mply with the



https://ulnorm.com/api/?name=UL 1437 2006.pdf

10 ELECTRICAL ANALOG INSTRUMENTS — PANEL BOARD TYPES - UL 1437 DECEMBER 12, 2006

7.2 Enclosure materials

7.2.1 Each polymeric enclosure material shall be classified with regard to flammability rating, resistance
to hot—wire ignition, and resistance to high-current-arc ignition according to Table 7.1.

Table 7.1
Material requirements 2

Application Properties
Flammability Resistance to ignition from
classification e Hot wire ¢© High-ampere
arc,de
In contadt with parts conductively
connected to a line-connected circuit
(A) Enclgsures and insulating materials 94HB 30 sec 60 afcs
94V-2 30 sec 30 afcs
94V-1 15 sec 30 afcs
94V-0 10 sec 15 afcs
(B) Printgd-wiring boards 94V-1, 94V-0 - -
(C) Connfectors 94V-2, 94V-1, 94V-0 =~ -
In contadt with unlimited power circuits?,
other thah line-connected circuits
(D) Enclgsures and insulating materials’ | 94HB, 94V-2, 94V-1, 94V-0 15 sec 30 afcs
(E) Print¢d-wiring boards’ 94V-1, 94V-0 - -
(F) Conngctorsf 94V-2, 94V-1, 94V-0, - -
In contadt with high-voltage circuits in
which thg potential exceeds 2500 Vpeak
and the aximum power exceeds 15
watts
(G) Enclgsures and insulating materials’ 94V-<24,94V-1, 94V-0 - -
(H) Print¢d-wiring boardsf 94V-1, 94V-0 - -
(1) Conndctors' 94V-2, 94V-1, 94V-0 - -
(J) Enclopure materials (required parts) 94HB 15 sec 30 afcs
used in gpplications other than those
covered |n lines (A), (D), and (G)f 94V-2, 94v-1, 94V-0 - -
(K) Insul@ting materials, printegd=witing - - -
boards apd connectors useg-in
applicatigns other than those-Covered in
lines (B),|(C), (E), (H),.and"(l)
@ These fequirements{do not apply to the internal insulating systems of components or where component
requirempnts exist:
b The flammability classifications 94V-0, 94V-1, 94V-2, and 94HB are to be determined by the tests descrilped in
the Stanglard for Tests for Flammability of Plastic Materials for Parts in Devices and Appliances, UL 94. Far

enclosur
thicknesses in the end product. For other parts, a material classified using 1.6-mm (1/16-inch) thick bar specimens
can be accepted in lesser thicknesses in the end product.

¢ Hot-Wire Resistance to Ignition — Hot-wire ignition performance is expressed as the number of seconds needed
to ignite standard specimens that are wrapped with resistance wire that dissipates a specified level of electrical
energy. Bar samples are to be used for this test. For enclosures, a material classified using 3.2-mm (1/8-inch) thick
bar specimens can be accepted in lesser thicknesses in the end product. For other parts, a material classified
using 1.6-mm (1/16-inch) thick bar specimens can be accepted in lesser thicknesses in the end product. Refer to
the Standard for Polymeric Materials — Short Term Property Evaluations, UL 746A, for details of the test.

B .

Table 7.1 Continued on Next Page
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Table 7.1 Continued
Application Properties
Flammability Resistance to ignition from
classification e Hot wire € High-ampere
arc,9e

€ For an

and ignit

9 An unli

tested ag
consume
represen
consume
positione]
f The req

complies|

d High-Ampere Arc-Resistance to Ignition — High-Ampere arc-ignition performance is expressed as the number of
arc-rupture exposures (standardized as to electrode type and shape and electrical circuits) that are necessary to
ignite a material when they are applied at a standard rate on the surface of the material. Bar samples are to be
used for this test. For enclosures, a material classified using 3.2-mm (1/8-inch) thick bar specimens can be
accepted in lesser thicknesses in the end product. For other parts, a material classified using 1.6-mm (1/16-inch)
thick bar specimens can be accepted in lesser thicknesses in the end product. Refer to the Standard for Polymeric
Materials — Short Term Property Evaluations, UL 746A, for details of the test.

finished parts, or test samples can be cut from finished products. In the case of small parts(that
d before the test is completed, large samples of the same material can be tested provided\that th

d. Samples that consist of an assembly or a section thereof that are not flat stock samples are to
f in what is considered to be the worst-case position in the application.

Lirements that materials used in applications covered by Table 7.1 (D) — (J) possess certain flam
on ratings do not apply to small parts. For the purpose of these requirements, a small part is one
with all of the following criteria:

a) The maximum dimension of the part does not exceed 30 mm (1218 inches).

b) The volume of the part does not exceed 8000 mm?3 (0.488%cubic inch).

ignitible parts.

fnited-power circuit is one which is not limited ifr-accordance with 15.1.1(a).

pssembly, samples for the test parameters according to Table 7.1 can consist of the assembly-an

the same or lesser thicknesses than the part in question. None of the larger samples, is to’rbe en

c) The part is located where it cannot act as a bridge béetween a source of arcing or ignition and

d can be
might be
2%

irely

be

mability
that

other

7.2.2 The construction of the enclosure shall-prevent molten metal, burning insulation, flaning particles,

and the like f

or is otherwig

7.2.3 When
parts shall n

e supported.

pperated at end-scale conditions (maximum normal load), the temperature rises
bt exceed the values indicated in Table 18.1. For an instrument having spe

conditions, sych as short-tegm,or intermittent use, this requirement applies as far as compat

operating cof

7.2.4 When
High-Ambien
described in

ditions.

Teniperature Evaluation, Section 19) the instrument shall be resistant to the e
Sections 24 — 28.

om falling upon combustible.materials, including the surface upon which the ins

trument rests

of instrument
Cial operating
ble with such

pperated at end-scale conditions (maximum normal load) at elevated temperatures (see the

xternal forces
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7.3 Insulating materials

7.3.1 Materials in contact with unlimited circuitry (see Subdivision of Circuits Into Groups, Section 15)
shall be classified with regard to flammability rating, resistance to hot-wire ignition, and resistance to
high-current-arc ignition according to Table 7.1.

7.3.2 The instrument when operated at end-scale conditions (maximum normal load) at an elevated
temperature (see the High-Ambient Temperature Evaluation, Section 19) shall retain its dielectric

voltage—withstand capabilities and spacings.

8 Accessibility of Live Parts

8.1 General

8.1.1 Parts t
shall not inva

8.1.2 Coatin

nonimpregnated paper, untreated fiber, and wood shall not be regarded as providing prote

risk of electri
determinatior

Exception: |
barrier if war,

8.2 Determir]

8.2.1 A part

a) The International Electrotechnical(Sommission (IEC) articulate accessibility prob

plate

includling the bottom, touches_the-part.

b) Tie IEC rigid accessihility probe (Figure 8.2), applied with a maximum force of

Ibf), i

touch

8.2.2 For an
surfaces of t
wrapped only

hat are intended to be accessible after installation, including accessible\parts
Ive the risk of electric shock.

ps, film, and fibrous materials consisting only of enamel, lacquer, oxides,

c shock. Such insulations that are accessible shall be remeved or disregard
of accessibility of live parts.

Exception: Materials such as untreated paper, fibet) or wood may be used as
page or displacement does not prevent its effectiveness.

ation of accessibility

s accessible if one or both of the following conditions exist:

(Figure 8.1) applied in every possible position through openings in the exterio

N every possible pesition through openings in all exterior surfaces, including th
es the part.

instrumenilthat is insulation-encased, conductive foil shall be wrapped about t

ahoUt the insulating portion.

of terminals,

anodic films,
ttion from the
bd during the

a mechanical

e with stop
I surfaces,

BO N (6.75
e bottom,

ne accessible

ne instrument. Where the enclosure is partially insulation-encased, conductive foil shall be
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Figure 8.1
International Electrotechnical Commission (IEC) Articulate accessibility probe with stop plate
Stop plate
| 180
80
60
30—=l
_@ CoA ?3‘6 90" Gylindrical
D Sl (— Il . st%
D SIS [N\ = é P
; -
p #50 4—-J 4 Insulating t MJ' A-A  B-B
‘ SECTION
' 20—
[l
1 Spherical
)
SeCTioN ¢=C
PA120 L
All dimensions i millimeters
mm 2 4 10 20 30 50 60 75 80 180
inch /64 5/32 25/64 25/32 1-3/16  1-3M32  2-23/64  2-61/64  3-5/3 7-3/32
Figure 8.2
nternational Electrotechnical Commission (IEC) Rigid accessibility probe
1 80
315
( ) 20 o
Y (0.79)
50 3
(1.97)
L 12
(0.47)
}7

PA125

All dimensions in mm (inches)

NOTE: For missing dimensions refer to Figure 8.1
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8.3 Determination of electric shock
8.3.1 A partis considered to involve the risk of electric shock if:

a) The potential between the part and ground, or any other simultaneously accessible part,
exceeds one or more of the following:

1) 30 V rms (42.4 V peak).
2) 60V dc.

3) 24.8 V dc interrupted at a rate of 10 — 200 Hz.

and gither:
b) Tie available current from the part exceeds the limits for leakage currént in 17.1.4; or

c) The potential between the part and ground, or any other simultanéqusly accessiple part,
involyes one of the following:

1) 42.4 V peak but not more than 450 V peak and, thé)capacitance between the parts
exceeds 0.1 pF.

2) 450 V peak but not more than 15 kV peak.and the product of capacitange (in uF)
and potential (in V) exceeds 45 pC.

3) 15 kV peak and one half of the product of capacitance (in pF) and the gquare of the
potential (in V) exceed 350 mJ.

8.4 Instrumept connection

8.4.1 To detgrmine if an accessible partican result in the risk of electric shock in accordange with 8.3.1,
the following |steps are to be followed:

a) The instrument is te~be connected to an input source adjusted for the end scale| of the
instryment and circuit-to-ground rating.

b) The potential-between accessible parts is to be measured.

c) The leakage current between accessible parts is to be measured as indicated ir| the
LeakpgeyCurrent Test, Section 17.

d) The capacitance between accessible parts is to be measured.
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8.5 Operator servicing

8.5.1 Each part of an instrument that becomes accessible upon removing any cover or opening any door
that is intended to be removed or opened by the operator for the purposes of operator servicing shall not

involve the risk of electric shock as indicated in 8.3.1.

8.6 Operating shafts

8.6.1 Any operating shaft that is accessible after removing a knob, handle, or the like shall not involve
the risk of electric shock.

Exception: An insulating knob, handle, and the like that is captive to and encloses the shaft, and the

means for rle;jn

not comply
8.7 Adjustme

8.7.1 Each g
adjustment o

8.7.2 To det
that is 3 mm
through the
possible ang
evaluated.

9 Connectiof Devices

9.1 Terminal

9.1.1 Each t

connections are made.

9.2 Insulatio

9.2.1 Each ¢
screws, and
part to rende

oving such insulating knob, handle, and the Tike that are not exterior to the Jn3
ith this requirement.

nt openings

art of an instrument that is accessible to a tool introduced into\the instrume
bening shall not involve the risk of electric shock. See 8.3.1.

ermine if a part is accessible, the tool specified or supplied with the instrumen
7/64 inch) in diameter — whichever results in more unfavorable conditions— is
hdjustment opening to a depth of 3 times the de€pth of the adjustment devi
es. The construction is acceptable if the tool \0r, test pin does not contact t

)

erminal shall be anchored, fitted, or mounted so that the terminal cannot wor

—j

onductor and its,basic insulation shall be arranged so that inadvertent loosg
he like cannot reduce the spacings below those outlined in 12.1.1 or cause a
[ an electtic.shock.

trument need

ht through an

or a test pin
o be inserted
ce and at all
he part being

Kk loose when

ening of wire,
ny accessible
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9.3 Protectiv

e ground terminals

9.3.1 A protective ground terminal shall comply with all of the following requirements:

a) The terminal shall be at least of equivalent size to the other terminals and shall
accommodate a conductor of the same size.

b) The terminal shall be protected against corrosion by galvanizing, plating, or equivalent
means if corrosion can result in such damage to the part as to result in risk of fire, electric
shock, or personal injury.

c) The terminal shall be used solely for such purpose.

d) TI|1e terminal shall be adjacent to the measuring or testing terminals.

e) The terminal shall not be interrupted by a switching device or a fuse in\th€ instr

acce

9.4 Screw c(

9.4.1 A scre

such as a terminal screw or a screw for fixing a lever, knob, or thedike — shall screw into g

metal insert.

9.4.2 To detd
22, shall be

10 Internal V]

10.1 Where
fire, the conn

10.2 Each w
parts, and th
shall have a

10.3 Each c
Pressure exqg

ESOry.
nnections

v connection that during the life of the instrument is to be)loosened and tights

brmine if a screw-type terminal is securely anehered, the Torque Test for Term
onducted.

/iring

oosening of a circuit connectiongincluding a splice, can result in the risk of ele
ection shall be made mechanically secure.

re shall be protected fram or routed away from sharp edges, screw threads,
b |ike. A hole through which wires are routed shall have smooth, well-roundec
bushing.

amp or guide -that is used for routing of wires shall have smooth well-rou

iment or

ned readily —

metal nut or

nals, Section

ctric shock or

burrs, moving
surfaces, or

nded edges.

rted by sdehra clamp or guide shall not cause cold-flow or otherwise deform the insulation.
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11 Separation of Circuits

11.1 General

11.1.1 The insulation of a wire in contact with another wire or an uninsulated live part shall be rated for
the highest voltage to which the wire insulation is stressed.

11.1.2 Contact between wires or a wire and a live part may be prevented by one or more of the following

means:

a) The spacings in 12.1.1.

b) A
c) A
11.2 Printed

11.2.1 A prin
classified wit!

12 Spacings

12.1 Circuits|

12.1.1 The gpacings between an uninsulated part of a gifcuit and:

a) A

b) G

c) An accessible conductive part

shall comply

N Insulating barrier.

h regard to flammability rating as outlined in Table 7.1.

grounded shield.
wiring boards

ted-wiring board shall comply with the Standard for Printed-\Wiring Boards, UL

hother uninsulated part of any circuit,

Found, and

with Table 12.1.

796, and be
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12.2 Fasteners

12.2.1 A screw that may be replaced by a longer screw, resulting in reduction in creepage or clearance

distance below those indicated in Table 12.1, shall be captive.

Table 12.1
Protective spacings

Maximum circuit voltage P (volts) Distance 2 — millimeters (inch)
Sinusoldal a-c (rms) d-c, a-c peak or mixed Through air (clearance) ¢ Over surface (creepage) 9
voltage

not over 24 not over 35 1.0 (0.040) [0.5 (0.20)] Same

over 24, [not over 60 over 35, not over 85 2.0 (0.080) [1.0 (0.040)] Sanje

over 60, not over 130 over 85, not over 184 2.5 (0.100) [1.5 (0.060)] Same

over 130, Jnot over 250 over 184, not over 354 3.0 (0.120) [2.0 (0.080)] Sanje
over 250, Jnot over 450 over 354, not over 630 3.5 (0.140) 4.5 (0.]L80)
over 450, Jnot over 650 over 630, not over 920 4.0 (0.160) 6.0 (0.p40)
over 650, pot over 1000 over 920, not over 1400 5.5 (0.220) 9.0 (0.B60)
over 1000, jnot over 1500 over 1400, not over 2100 10.0 (0.400) 12.0 (0[480)
over 1500, jnot over 2000 over 2100, not over 2800 12.0 (0.480) 14.0 (0[560)
over 2000, not over 2500 over 2800, not over 3600 14.0 (0.560) 15.5 (0[620)

@ The smaller]
are accepted
assembly of t
b Opposite pd
conductive sy
ground.
¢ See definitid

d See definitig

only where the spacings are rigidly maintained by constructional means and cannot be reduced d
he component or part into the equipment.
larity spacings are based on voltages measured accordifg to 15.2.1. Spacings between live partg
rfaces (or foil wrapped around exposed insulating material) are based on the maximum rated volt

values in the brackets [ ] apply to miniature components (for example, printed circuits and micron

nin 2.4.
nin 2.5.

13 Groundin

13.1 Each a
spacings ma
a protective ¢

13.2 Anisold
other similar
considered td

ited metal nameplate or handle, isolated metal trim of the enclosure, or an isol

cessible conductive part-that may become live because of a fault, or because
occur as a result of handling, shall be connected to the means provided for
round.

hardware«that is fastened into a polymeric or other nonconductive enc
be a conductive part involving the risk of electric shock.

DECEMBER 12, 2006

hodules) and
uring

and exposed
hge to

A reduction in
connection to

hted screw or
osure is not
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14 Component Parts and Accessories

14.1 Resistors and inductors

14.1.1 If short circuiting of an inductor or a resistor as described in Testing Under Fault Conditions,
Section 23, results in noncompliance with the requirements in that Section, it shall be rated for at least
twice the power dissipation measured under normal test conditions.

14.2 Component short-circuit

14.2.1 An electrolytic capacitor or electronic device with any terminal connected to an unlimited circuit
(see 15.1.1) shall be tested as described in Testing Under Fault Conditions, Section 23.

14.3 Overcu

14.3.1 Each
be rated for t

14.3.2 Each
operate undg

14.4 Access

14.4.1 An &
circuit-to-grou
is provided W

14.4.2 An ag
shall not ind
circuit-to-grot

15 Subdivisi
15.1 Generdl
15.1.1 To de
of Live Part

requirements
instrument ar

rent protective and thermal-limiting devices

overcurrent—protective device and thermal-limiting device employediin ‘an ins
he load it controls.

r normal operating conditions.
Dries

ccessory (or accessories) shall not increasexthe operating voltage beyo
nd voltage of the instrument when connected<according to any instructional inf
ith the instrument.

cessory (or accessories) used with a wattmeter, varmeter, power-factor indicatd
rease the voltage between the\cUrrent and voltage circuits in excess
nd voltage.

bn of Circuits Into Groups

termine those circdit locations where tests are to be conducted as described in
5, Section 8y.and Testing Under Fault Conditions, Section 23, and to d
for materials in contact with current-carrying parts as described in 7.2.3, the
e to beldivided into two groups, limited and unlimited, as follows:

trument shall

pvercurrent-protective device and thermal-limiting device empleyed in an instruiment shall not

hd the rated
ormation that

r and the like
of the rated

Accessibility
ptermine the
Circuits of the

B [imited.

a) Li

mited Circuit — A limited circuit is one in which both the voltage and current ar

1) Limited Voltage — The open-circuit voltage complies with one of the following:

i) Not more than 30 V rms (42.4 V peak).
i) Not more than 60 V dc.
iii) Not more than 24.8 V dc interrupted at a 10 — 200 Hz rate.

2) Limited Current — The available current under any load condition, includ
circuit, is not more than 8 A, measured after 1 minute of operation.

ing short
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b) Unlimited Circuit — An unlimited circuit is one in which either the voltage or the current is not
limited.

15.2 Open-circuit voltage measurement

15.2.1 The measurement of the open—circuit voltage is to be made with the instrument connected to an
input source adjusted to produce end-scale value. All loading circuits are to be disconnected from the
circuit undergoing evaluation.

15.3 Available-current measurement

15.3.1 The measurement of the available current is to be made with the instrument connected to an input
source adjusfed To produce end-scale value. All Toading circuits are to remain connected,

15.4 Currenttlimiting means
15.4.1 A cirduit in which the current is limited by any of the following:
a) Alfixed impedance,
b) Alfuse or thermal cutoff,
c) Alnonadjustable manual-reset circuit protective deviCeyor
d) Alregulating network
is considered to be a limited circuit as defined in 15.1%" if the open-circuit voltage is also limited.
15.5 Overlodd-protector rating

15.5.1 The rating of a fuse or circuit protective device that is used to limit the current in acg¢ordance with
15.4.1 shall jot be greater than ljjyieq.\Where:

limited = _200
(2.0)(V)

in which:

U is the open-circuit voltage measured as described in 15.2.1 and
200 represents the maximum watts (see 15.5.2) and

Limited 1S the maximum rating that, because of the characteristics of the overload protector, may
or may not actually limit the capability of the circuit being evaluated to 200 W or less.

To determine if the overload rating is acceptable, the test described in 15.5.2 shall be conducted.
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15.5.2 A variable external resistor and a wattmeter are to be connected to the circuit under evaluation as
shown in Figure 15.1, and a shorting switch is to be connected across the overload protector in the closed
position. The external resistor is to be adjusted for maximum resistance before being connected into the
circuit. The resistor is then to be adjusted so that the power it dissipates is exactly 200 watts as indicated
by the wattmeter reading. The switch across the overload protector is then to be opened and the time
required for the overload protector to open is to be recorded. If the overload protective device opens the
supply to the circuit under evaluation in 5 seconds or less, the rating of the protective device is acceptable.



https://ulnorm.com/api/?name=UL 1437 2006.pdf

22

ELECTRICAL ANALOG INSTRUMENTS — PANEL BOARD TYPES - UL 1437

DECEMBER 12, 2006

Figure 15.1
Connection of wattmeter
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MAXIMIZE WATTMETER READING
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EVALUATION EVALUATION
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/
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POINTS OF MEASUREMENT
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15.6 Fixed-impedance rating

15.6.1 A fixed impedance that is used to limit the current shall be such that the current under any load
condition, including short circuit, is not more than 8 A, measured after 1 minute of operation.

15.7 Regulating-network rating
15.7.1 A regulating network that is used to limit the current, voltage, or both shall not be such that the
current, voltage, or both exceeds those values specified for limited circuits when subjected to a test that

simulates malfunction of any single unreliable component in the network.

PERFORMANCE

16 General
16.1 Generdl

16.1.1 Tests|shall be carried out on one and the same piece of equipment ex¢ept where ideptical multiple
samples are ppecified. Where it is necessary to perform destructive tests; additional samplgs of identical
components pr instruments are to be used.

16.1.2 Each|test specified shall be carried out on an instrument-répresenting the conditign as shipped
from the factry.

16.2 Voltmeter sensitivity

16.2.1 For voltage measurements of circuits, the voltmeter sensitivity shall not be less than{20,000 ohms
per volt dc or]5,000 ohms per volt ac for potentials-9f'500 V or less and 10 megohms input impedance for
potentials of more than 500 V. A voltmeter that \has a higher input impedance shall be usgd wherever it
is warranted py the impedance of the circuit under test unless otherwise indicated.

16.3 Cheesdcloth indicators
16.3.1 Cheegecloth specified in this-Standard shall be untreated cotton cloth running 26 —|28 m?/kg (14

— 15 yd?/Ib) @nd having what is\known to the trade as a count of 32 by 28. Tests involving cheesecloth
shall be madg in a closed reom’with no forced air circulation.
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16.4 Reference test conditions (reference conditions for test purposes)

16.4.1 Unless otherwise specified, all of the following conditions shall prevail in the test location:
a) Temperature within the range of 15 — 35°C (59 — 95°F).
b) Relative humidity less than 80 percent.
c) Air pressure within the range of 86 — 106 kPa (12.5 — 15.4 psi).

d) Environment free of hoarfrost, dew, percolating water, rain, and the like.

16.4.2 Each [test shall be carried out under the most unfavorable combination of:

a) Pgpsition — The instrument shall be in any position of normal use and mounted afcording to
instryctional information provided with the instrument. Normal ventilation shall’'not be impeded
by artificial means.

b) Measuring Circuits — A measuring circuit shall be energized by any voltage between zero
and the rated input voltage and at any rated frequency. Each input and output shal| be
conngcted to any potential between zero and the rated circuittfo-ground voltage.

c) Gflound Terminals — Each protective ground terminahshall be connected to ground. The
meaguring circuit ground terminal shall be connected:to ground when specified by the
manyfacturer unless otherwise specified in the test'paragraphs.

d) Operating Controls — Each accessible control shall be set to any position. Each [remote-
contrpl (operating) device shall be connected and disconnected.

e) Nprmal Use — Normal use of a measuring instrument includes the connection off the
meaguring circuits to an external supply adjusted to deliver a signal of any value within rated
meaguring ranges.

f) Adcessories — Each naninterchangeable accessory shall be connected according to
instryctional information\provided with the instrument or accessory. Each interchangeable
accesgsory or accessory of limited interchangeability shall be subjected to separate fests related
to itsjown characteristics.
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16.5 Protective devices

16.5.1 A component or circuit intended for protective, limiting, or regulating purposes or the like that
operates as a result of testing according to this Standard and is relied upon for compliance with the
requirements in this Standard shall comply with the applicable component requirements. Examples of
such components are fuses, thermostats, regulators, circuit breakers, fusible resistors, limiting controls,
and regulating controls.

16.6 Voltage and current

16.6.1 Values of applied voltage and current are root-mean-square (rms) values, unless otherwise stated.

17 Leakage [Current Test
17.1 Genera

17.1.1 Each Jaccessible part of the instrument is to be tested for leakage currept between if and all other
accessible parts, and between the part and ground.

17.1.2 The lg@akage-current measurements are to be conducted on a previously untested sample (without
prior energizption, except as may occur as production-line testing)_ahd on a sample that has been
subjected to Humidity Conditioning, Section 21.

17.1.3 Leakdge-current measurements are to include all curfents present, including capacitively coupled
currents.

17.1.4 When the instrument under test is connected, as*described in 17.3.1, the leakage cufrent shall not
cause an ind|cation on the specified measuring instftiment of more than:

a) 06 mA d-c.
b) 06 mA a-c for frequencies up-to 100 Hz.
c) 0.p mA a-c at 100 Hz dinearly increasing to 3.5 mA peak at 700 Hz.

d) 3.6 mA a-c for frequéncies between 700 Hz and 100 kHz.
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17.2 Specified measuring instrument
17.2.1 The specified measuring instrument is one that complies with all of the following specifications:

a) The instrument has an input impedance of 1500 ohms resistive shunted by a capacitance of
0.15 pF.

b) For direct currents, the instrument is to indicate the average direct current.

c) For alternating currents, the instrument is to indicate 1.11 times the average of the full-wave
rectified composite waveform of current in milliamperes through the resistor; and the instrument
has the frequency response (ratio of indicated to actual value of current) over a frequency
rang¢ of 10 Hz to 100 kHz that Is equal 1o the rafio of the impedance of a 1500-0hjn resistor
shunied by a 0.15-uF capacitor to 1500 ohms.

d) The instrument is to have an error of not more than 5 percent for d—c/medsurements of 0.5
mA gnd 5 percent for a-c measurements at the limits indicated in Figure 27.1.

Figure 17.1
Indication df the specified measuring instrument resulting from measuring terminal incidental
current plotted as a function of signal frequency applied to the-equipment measuring terminals

INDICATION OF THE SPECIFIED MEASURING INSTRUMENT
N

10 100 700 1000 10,000 100,000
SC1774 MEASURING TERMINAL APPLIED SIGNAL FREQUENCY (HERTZ)

17.2.2 The actual measuring instrument used need not have all the attributes of the specified measuring
instrument if equivalent readings can be obtained.
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17.3 Instrum

ent connection

17.3.1 For the purpose of measuring leakage current, the instrument shall be at reference test conditions
and each measuring terminal shall be connected to its maximum rated circuit-to-ground voltage. See

Figure 17.2.
Figure 17.2
Leakage-current measurement circuit for self-powered equipment
EQUIPMENT
UNDER TEST EQUIPMENT
Il ENCLOSURE
MEASURING }‘/ oS TS
TERMINALS Hi L CONDUCTIVE FOIL
IN INTIMATE CONTACT
0 WITH INSULATING
L . PORTIONS OF "ENCLOSU
ACCORDING ,TO 17.4.1
LEAKAGE—-CURRENT
MAXIMUM aY : METER
RATED <>
CIRCUIT=TO— —
CROUND L
VOLTAGE  loroBE WITH—£T 7]
SHIELDED LEAD
SA1687/8B 1
17.4 Enclosyre of insulating material
17.4.1 If the jnstrument is,whally or partially insulation-encased, accessible parts shall be ev
one of the following constructions:
a) A|200 by.200 mm (8 by 8 inch) piece of conductive foil shall be wrapped anywh
accessible parts of the instrument.

aluated using

ere about

b) Two 100 by 200 mm (4 by 8 inch) pieces of conductive foil shall be wrapped about the
instrument at any two locations of accessible parts.

c) A conductive surface shall be employed upon which any accessible part of the instrument
may rest.
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18 Normal Temperature Test
18.1 General

18.1.1 When operated under conditions of maximum normal load, the temperature rises in Table 18.1
shall not be exceeded.

Table 18.1
Maximum temperature rise @ under reference test conditions

Temperature rise

Rarts-ef-the—rstrorment 2Celstus{Fahrerheit)
1. Accessible parts:
a) Surfaces of enclosures 35.(63)
b) Small areas and easily discernible heat sinks not likely to be touched in 657(117)
normal juse
2. Operating dgvices and handles:
a) Metdllic 20 (36)
b) Noninetallic 30 (54)
3. Enclosure irfterior surfaces:
a) Wood 65 (117)
b) Insulating material b
4. Insulating mlaterials:
a) Polymeric b
b) Varnjshed cloth 60 (108)
c) Fibe 65 (117)
d) Woog and similar material 65 (117)
5. Insulating systems: Method
Resistance THermocouple
Class 130 windings of:
a) Transformers 95 (171) 85 (153)
b) Relays, electromagnets{ salenoids, etc. 105 (189) 85 (153)
c) Vibrator coils 95 (171) 95 (171)
6. Capacitors®
a) Elecfrolytic 40 (72)
b) Othgr types 65 (117)
7. Fuses 65 (117)
8. Semicondudtor devicés® 75 (135)
9. Softening pgint of ‘@ny sealing compound d
10. Selenium recifiers® 50 (90)
11. Terminal b 65-31+A
12. Surface on which equipment might be mounted in service, and surfaces that 65 (117)
might be adjacent to the unit when it is so mounted
13. Wire and cords® 35 (63)

2 The normal temperature test shall be conducted at a room temperature of 15 — 35°C (59 — 95°) and the observed
temperatures corrected to a room temperature of 25°C (77°F).

b Polymeric material shall be acceptable for the application when judged with respect to temperature.
¢ Does not apply if investigated and accepted for a higher temperature.

d The maximum sealing compound temperature, when corrected to 25°C (77°F) ambient temperature, is 15°C (27°F) less than
the softening point of the compound as determined by the Test for Softening Point by Ring-and-Ball Apparatus, ASTM E
28-67(1982).
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18.1.2 For an instrument that has limited operating conditions, such as short-term or intermittent use,

18.1.1 applies as far as compatible with such operating conditions.

18.2 Instrument mounting

18.2.1 The instrument is to be mounted or supported as indicated by the instructions provided. In the
absence of instructions, the instrument is to be positioned in the manner that results in the greatest

heating.

18.3 Instrument connections

18.3.1 Electrcattonmections tothe mstroment urder test stattbe madeas imdicated by th

provided. In the absence of instructions, wiring connections shall be made using copper-can

according to the intended load.

18.4 Doors dnd covers

18.4.1 Doorg or covers that may be closed during operation of the instrument shall be clos

test.

Exception: Exception: The actual conditions of normal operation’af the instrument shall b
For example| doors or covers that must be opened after eagh cycle of operation shall b

required.

18.5 Thermdcouples

18.5.1 Thermocouples, if used, shall be Nos. 28-%5%32 AWG iron and constantan, or acg

Standard for [Temperature Measurement Therma@couples, ANSI MC96.1-1982.

18.5.2 A thefmocouple junction and lead (wire shall be held in thermal contact with the n
measured. Taping or cementing the thermocouple is acceptable. However, if a metal surfag

brazing or soldering may be required,

18.6 Tempertature limits

e instructions

ductors sized

ed during the

e considered.

e opened as

ording to the

haterial being
e is involved,

18.6.1 Comgliance with the temperature limits shall be checked by measuring the temperatdire rise under

reference test conditions (See 16.4.1) after thermal equilibrium has been attained.

18.6.2 Thermal equitibrium is attained when there is no temperature change on the part be

when three spccessSive readings taken at 5-min intervals indicate no change.

ng measured
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19 High-Ambient Temperature Evaluation

19.1 Instrument conditioning

19.1.1 The instrument shall be conditioned for 4 hours at 40.0 +2.0°C (104.0 +3.6°F).

19.2 Insulating materials

19.2.1 The instrument, when operated at end-scale value at the temperature specified in 19.1.1, shall
retain its dielectric voltage-withstand capabilities according to 20.1.1, and spacings according to 12.1.1.

19.3 Polymeric enclosures

19.3.1 The i
19.1.1, shall

20 Insulation
20.1 Generdl
20.1.1 Insulg
without breal

(see 17.1.2)
and High-Am

nstrument, when operated at the end-scale value at the elevated temperatuf
be resistant to external forces as described in Sections 24 — 28.

Voltage Test (Dielectric Voltage-Withstand Test)

tion and spacings between conductors shall sustain a tést voltage according
down. This test shall be performed on an instrument in the previously untes
As well as on an instrument that has been subjected’to Humidity Conditioning
bient Temperature Evaluation, Section 19.

Table 20
Test voltage for dielectric voltage-withstand tests

b specified in

to Table 20.1
ted condition
, Section 21,

a

oltage between conductors (U) Test voltage P

d-c

a-Crms a-Cpeax OFr'tlixed d-cd

a-Cpdai + d-C

c
a-Crms

c
a-cpeak

Oto42.4

above 42 .4

O-to 42.4

above 42.4

707
2.828U, s + 1414
2Upeak + 1414 | 1.414U 0, + 1000
2Uq. + 1414 1.414U4.; + 1000

500
2Ums + 1000

0to 30

above 30 2.4

707
28U + 1414
PUpeak1414
PU . + 1414

a For opposite
parts, protectiv
ground.

b The test volta
¢ The test-voltal
d The d-c test

polarity, U is the v@ltage measured as described in 15.2.1. For a test between live parts and expo
b ground terminal, and/or foil wrapped around exposed insulting material, U is the maximum rated|

pe specified)as d-c, a-C;ms and a-Cpea are considered equivalent for dielectric voltage-withstand t
pe waveform shall be an essentially sinusoidal voltage with a frequency of 45 — 65 Hz.
oltagesShall have not more than 3-percent ripple.

sed conductive
voltage to

bst purposes.

20.1.2 To determine that an instrument complies with the requirement in 20.1.1 the instrument is to be
tested by means of a 500 VA or larger transformer, the output voltage of which is essentially sinusoidal
and can be varied. Starting at zero, the test potential is to be increased until the required test value is
reached, and is to be maintained at that value for 1 min. The increase in the test potential is to be at a
substantially uniform rate and as rapid as consistent with its value being correctly indicated by the
voltmeter.
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20.1.3 If wiring that is not marked with a voltage rating or has a voltage rating that may not be acceptable
for the application is used inside an instrument, the wiring shall comply with the test described in 20.1.1.
The test potential shall be based on the voltage measured between conductors under reference test
conditions.

20.1.4 The test potential is to be applied between measuring or testing circuits and each of the following
parts:

a) The protective grounding terminal.

b) The instrument enclosure, or conductive foil wrapped about the accessible portions of the
equipment.

c) Agcessible conductive parts.
20.2 Indicatipn of breakdown

20.2.1 Brealdown is often indicated by an abrupt decrease or nonlinear advance of voltage as the
voltage is ingreased. Similarly, a breakdown is often indicated by an abrupt.increase in cufrent. Corona
and similar phenomena are to be disregarded.

21 Humidity [Conditioning
21.1 Genera|

21.1.1 The ipstrument insulations that involve risk of eleetric shock shall not break down when tested as
described in the Insulation Voltage Test (Dielectric Voltage-Withstand Test), Section 20, nor have leakage
currents exceeding the limits specified in the Leakage Current Test, Section 17, folloying humidity
conditioning.

21.1.2 The instrument shall not be expesed to moisture condensation when subjected to humidity
conditioning.

21.2 Preconglitioning

21.2.1 To comply with 21.12 the instrument shall be temperature preconditioned by storing|in a chamber
operating at & temperaturé.of 40.0 — 44.0°C (104.0 — 111.2°F) and a humidity of 50 percen or less. The
instrument shall remaiinr the chamber until the instrument temperature has stabilized but|not less than
4 hours.
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21.3 Conditioning

21.3.1 Parts of an instrument that become accessible upon removing covers or opening doors that are
intended to be removed or opened by the operator for purposes of operator servicing shall be removed or
opened during conditioning.

21.3.2 Immediately following the temperature preconditioning described in 21.2.1, the instrument shall be
conditioned in a chamber operating at 38.0 — 40.0°C (100.4 — 104.0°F) and 90 — 95 percent humidity. The
instrument shall remain in the chamber for 48 hours.

21.3.3 The instrument shall be inoperative during the humidity conditioning.

21.3.4 Befo

(Dielectric VEtage—Withstand Test), Section 20, the instrument shall have been reme
humidity cha

the accessib
conductive fg

22 Torque T
22.1 Generdl

22.1.1 To ds

be conducted.

22.2 Directio)

22.2.1 The t

conducting the Leakage Current Test, Section 17, and the Insulafion
ber and, if the instrument is encased in insulation, conductive foil shall\be w
le portions of the instrument. Where the enclosure is partially €ncased
il shall be wrapped only about the insulating portion.

bst for Terminals

termine compliance with 9.1.1 and 9.4.2 a torque test as described in 22.2.1

h and application of torque

brque shall be applied clockwise and-then counterclockwise in a plane perpen

oltage Test
ed from the
rapped about
n insulation,

- 22.2.4 shall

dicular to the

axis of the t¢rminal. The force necessary to produce the specified torque shall be applied in a plane

perpendicula
along the axi

22.2.2 The torque shall be applied\gradually to the terminal, held at the specified val

monitored fo
tested with a

22.2.3 When
is dependent
diameter is d
circumferenc
diameter sho

to the axis of the terminal so a@s to cause a clockwise and then counterclod
5 of the terminal.

a period of not lessithan 5 seconds, but not more than 15 seconds. Five sam
N average holding-time of not less than 8 seconds.

testing nonwite, rigid-type terminals of other than the screw-thread type, the §
on the equivalent diameter of the external portion of the terminal assembly. T
bfined.as equal to twice the distance from the central axis of the terminal to thg
P Where mating torque is applied. The torque shall be applied according to t
v N’ Table 22.1.

kwise torque

e, and then
bles are to be

pplied torque
he equivalent
b point on the
he equivalent
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Table 22.1

Value of torque to be applied when testing nonwire, rigid-type teminals of other than the

screw-thread type

Equivalent diameter inch (millimeter)

Torque

pound-inches

(Newton-meters)

>1/2 (12.7)

1/16 (1.6) and less 0 0
>1/16 to 1/8 (1.6 to 3.2), inclusive 8 (0.91)
>1/8 to 3/16 (3.2 to 4.8), inclusive 18 (2.04)
>3/16 to 5/16 (4.8 to 7.9), inclusive 40 (4.52)
>5/16 to 1/2 (7.9 to 12.7), inclusive 80 (9.04)

120 minimum

(13.56 minimum)

22.2.4 When testing screw-thread terminals, the torque shall be applied to the center line-qf the terminal
assembly acgording to the terminal size shown in Table 22.2.

Table 22.2

Value of torque to be applied when testing screw-thread terminals

Screw-fhread terminal size Torquée
pound-inches (Newton-meterg
No. 4 3.0 (0.34)
No. 6 5.0 (0.57)
No. 8 11.0 (1.24)
No. 10 15.0 (1.70)
No. 12 24.0 (2.71)
1/4 inch (6.35 mm) 320 (3.62)

23 Testing Under Fault Conditions

23.1 Generdl

23.1.1 When the equipment is operated under fault conditions as described in 23.5.1.1 — 23.6.1:

a) Agcessible parts shall*not involve an electric shock. See Accessibility of Live Pafts, Section

8.

b) The temperature limits described in Table 23.1 shall not be exceeded.

C) AJ\y other condition shall not occur so as to result in risk of electric shock, fire, qr personal

injury.
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Table 23.1
Maximum temperature rises under fault conditions
Parts of the instrument Maximum temperature rise
°Celsius (°Fahrenheit)

1. External parts:

a) Outer surface of enclosures 35 (63)

b) Metallic knobs, handles, and the like 20 (36)

¢) Nonmetallic knobs, handles, and the like 30 (54)
2. Inside surface of enclosure of:

a) Wood 90 (162)

b) Insulpting material see® sep?
@ The maximym temperature rises on the inside of enclosures of insulating materials shall not exceed the rating of the
material.

23.1.2 Comgliance with the requirements in this Section is determined as descgibed in 23.2]1 and 23.3.1.

23.1.3 From|an examination of the instrument and its circuit diagramj the fault condifions can be
determined that may result in the likelihood of electric shock, fire and persenal injury. UnIimiI]ed circuits as

covered in Sybdivision of Circuits Into Groups, Section 15, are to he €xamined to identify

which faults d@re to be applied.

23.1.4 During fault conditions:

hose parts to

a) The instrument shall be operated until furtherfchange due to the fault is unlikely| In most
case$, continuous operation for seven hours is’sufficient to determine that further change due to

the fault is unlikely.

b) Multiple simultaneous faults shall net be applied.

c) The instrument shall be conneéted to a source adjusted to produce end-scale values.

d) The instrument shall:

through a'1-A non-time-delay fuse.

covered softwood surface.

1) Have accessible conductive parts of the enclosure connected to the ground terminal

2) Be wrapped in a single layer of cheesecloth and placed on a white tissye paper

e) Eactrfuseorother overcurrent protective device marked as descrited 31371 shall be in

the circuit under test.

f) Any part of the instrument that is intended to be removed or opened by the operator for the
purposes of operator servicing shall be removed or opened.
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23.2 Fire

23.2.1 There shall not be:

a) Emission of flame or molten metal that causes the cheesecloth or tissue paper to burn, char,
or glow; or

b) Flame inside the enclosure that continues for longer than 30 seconds.

23.3 Electric

shock

23.3.1 The instrument is considered to be unacceptable with respect to risk of electric shock if any of the

following occ

LIIS:

a) The fuse connected in series with the protective grounding means opens:

b) In
Withg

Sulation breaks down when subjected to the Insulation Voltage Test(Dielectrig
tand Test), Section 20.

c) Parts that are intended to be accessible after installation da.net comply with the

requi
d) S
e) Lg
23.4 Protecti

23.4.1 The (
condition indi

23.4.2 Afau
cause the ter

23.5 Fault cq
23.5.1 Comgyg

23.5.1.1 An
unlimited ci

fements in Accessibility of Live Parts, Section 8.

pacings are reduced below those indicated in Spacings, Section 12.

pakage current exceeds those values indicatedvn the Leakage Current Test, S
e devices and circuit components

pening of the instrument protective device, or any other circuit componen
cated in 23.1.1 occurs is an acgeptable termination of a fault condition.

t condition terminated as indicated in 23.4.1 shall be repeated two more times
hperature rises after 2 min to exceed the temperature rises indicated in Table

nditions
onent short-Gircuit test

electrolytic capacitor, inductor, or electronic device with any terminal con

Voltage-

accessibility

ection 17.

, before any

and shall not
23.1.

nected to an

cuit (see Subdivision of Circuits Into Groups, Section 15) shall be short-circuited

terminal-to-te

rrainal, one at a time; or open-circuited, one terminal at a time.
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23.5.2 Temperature-control-device disabling test

23.5.2.1 An automatic temperature-regulating or -limiting control, and a thermal-protective device shall be
disabled.

Exception: Components covered by Components, Section 3, and employing the marking described in
31.4.1 and 31.4.2 need not comply with this requirement.

23.5.3 Continuous-operation test

23.5.3.1 An electromagnetic device — such as a motor, relay and the like — that is intended for short-term
or intermittent operation shall be operated continuously if continuous operation can inadvertently occur.

Exception: An electromagnetic device in equipment rated for short-term or intermittent\eperation or an
electromagnetic device rated for continuous operation need not comply with this reqtiirement.

23.5.4 Transfformer short-circuit and overload tests
23.5.4.1 Gerjeral

23.5.4.1.1 Altransformer connected to an unlimited circuit (see ,Subdivision of Circuits |Into Groups,
Section 15) ghall be subjected to short-circuit and overload tests,

23.5.4.1.2 Any secondary winding not under test may be conhected or not as may occur in the equipment
unless one cpndition produces more unfavorable results.

23.5.4.2 Shart circuit

23.5.4.2.1 Edch secondary winding shall be separately short-circuited.
Exception: A transformer that has inherent temperature-limiting (impedance) protection neéd not comply
with this reqlirement. In such a transfermer, the temperature rise according to the resistance method

during the short-circuit test should hot exceed 135°C (243°F) for Class 105(A) insulatiop systems or
160°C (288°k) for Class 130(B) insulation systems.
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23.5.4.3 Transformer with automatic-reset protector

23.5.4.3.1 A transformer with an automatic-reset protector is to be short-circuited for 360 hours with no

damage to th

€ protector.

23.5.4.4 Transformer with manual-reset protector

23.5.4.4.1 A transformer with a manual-reset protector is to be short-circuited for 50 cycles, with the
protector being reclosed as quickly as possible after it has opened, with no damage to the protector.

23.5.4.5 Ove

rload

23.5.4.5.1 Efch secondary winding shall be separately overloaded as follows:

a) If
of thg

b) If

be adjusted to 110 percent of the rating of the primary or secondary,overcurrent pr

devig

c) If
outpu

23.5.4.5.2 The load may be a variable resistor connected<across the secondary winding. 1

be rapidly ad
23.6 Multi-fu
23.6.1 Each
terminal shal
of end-scale
24 Polymerid
24.1 Generdl

24.1.1 An ern

without resulfing in @ny unacceptable condition that is described in 24.3.1.

overcurrent protection is provided, the load shall be adjusted to 110 percent o
b overcurrent protective device.

e, whichever occurs first.
pvercurrent protection is not provided, the load shall-bé adjusted to the maxim
t.

usted and readjusted, if necessary, 1 min.after energizing.
hction and over-range test

range and function switch shall be operated and set for any combination of cor
be connected to any end-scale Value or, for a multiple-terminal instrument, any

values.

Enclosure — StresssRelief Distortion

closure af’polymeric material shall withstand the thermal conditioning descri

f the rating

overcurrent protection is provided in both primary and secondary.Wwindings, the¢ load shall

btective

um VA

'he load is to

ditions. Each
combination

bed in 24.2.1
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