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INTRODUCTION

1 Scope

1.1

These requirements cover dynamic line isolation monitors and related supplementary indicating units

for supervising isolated power-supply circuits in patient care areas of health care facilities, including

inhalation-an

esthetizing locations in accordance with the National Electrical Code, NFPA 70.

1.2 The detectors and supplementary indicating units are intended to be:

a) Included as part of an isolated power-supply center for patient care locations of health care

faciliti

es: and

b) Ing
the N

1.3 These
current systel

2 General
2.1

Compdg

2.1.1 Exce
the requiren;

talled in an Other-Than-Hazardous (Classified) Location of a health care facility
htional Electrical Code, NFPA 70.

requirements do not cover ground fault circuit interrupters for useyoh ground
ms in accordance with the National Electrical Code, NFPA 70.

nents

bt as indicated in 2.1.2, a component of a product covered by this standard sha
ents for that component. See Appendix &, for a list of standards covering

generally usgd in the products covered by this standard.

2.1.2 Acon

a) In
prodd

b) Is g

2.1.3 A corn
use.

214 Spe
capabilities.
temperatures

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

olves a feature or characteristic not required in the application of the com
ct covered by this standard,‘or

uperseded by a requirement in this standard.
nponent shall be used in accordance with its rating established for the intended
ific components are incomplete in construction features or restricted in

Such~components are intended for use only under limited conditions, suc
not eéxceeding specified limits, and shall be used only under those specific cong

as defined by

ed alternating

| comply with
components

bonent in the

conditions of

performance
h as certain
itions.

2.2 Units of measurement

2.2.1
approximate

information.

2.3 Undated references

2.31

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

3 Glossary

3.1 Forthe

purpose of this Standard the following definitions apply.

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

Any undated reference to a code or standard appearing in the requirements of this standard shall
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3.2 FAULT IMPEDANCE - An impedance that may consist of balanced or unbalanced resistive,
capacitive-reactive, or combined resistive-capacitive-reactive loads connected to either or both isolated
conductors. See Figure 18.1 for load configurations.

3.3 HAZARD CURRENT - The test current that would flow through a low impedance connected between
either isolated conductor and ground. Hazard current includes:

a) TOTAL HAZARD CURRENT (THC) — Hazard current with all devices connected, including line
isolation monitors,

b) MONITOR HAZARD CURRENT (MHC) — That portion of the total hazard current contributed
only by the monitor and remote indicators, and

c) FAL
devics

3.4 LINE IS
and unbalang
test circuit to
indication wh

3.5 REMOT|
one of the fq

supplement the signal provided by the line isolation monitor.

3.6 VOLTA(

a) HI
exces

b) LO
30 vol
Class
compl

4 Instructia

4.1 A copy
installation dr|
the examinati

JLT HAZARD CURRENT (FHC) — That portion of the total hazard current resu
s, except the line isolation monitors, are connected.

OLATION MONITOR (LIM) — A test instrument designed to contipdally check
ed impedances from each side of an isolated circuit to ground and’equipped
exercise an alarm without adding to the hazard current. It initiates a visual an
bn the hazard current exceeds a preset threshold level.

E INDICATOR — Device connected remotely to the linglisolation monitor which
llowing functions; visual signal, audible signal, @p both visual and audible s

E CLASSIFICATION —

5 of those of a low-voltage circuit.

(V-VOLTAGE — A circuit classified as low-voltage is one involving a potential of n
s alternating current (42.4peak) or direct current, and supplied by a primary b
2 transformer or by a combination of transformer and fixed impedance whig
es with all the performance requirements for a Class 2 transformer.

ns and Drawings

of the gperating and installation instructions and related schematic, wiring d
bwings.isto be furnished with the sample submitted for investigation to be used
pn. and test of the unit, and for this purpose is not required to be in final printed fq

ting when all

he balanced
vith a built-in
d an audible

provides any
ignals which

bH-VOLTAGE — A circuit classified as-high-voltage is one having circuit characteristics in

ot more than
httery or by a
h, as a unit,

agrams, and
as a guide in
rm.

4.2 The instructions and drawings shall include such directions and information as deemed by the
manufacturer to be adequate for attaining proper installation and maintenance. A description of the circuit
functions shall be provided to facilitate understanding of the system operation.

CONSTRUCTION

5 Enclosure

5.1

5.11

General

A line isolation monitor enclosure shall be formed and assembled so that it has the strength and

rigidity required to resist the abuses to which it is subjected without total or partial collapse resulting in

reduction of s

pacings, loosening or displacement of parts, or other serious defects.
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5.1.2 All electrical parts of a line isolation monitor shall be enclosed to provide protection against contact
with uninsulated live parts.

5.1.3 A compartment enclosing electrical parts shall not be open to the floor or other support on which
the unit rests.

5.1.4 An enclosure for a line isolation monitor shall have provision for connection of metal-clad cable or
conduit, or a nonmetallic-enclosed wiring system (for example, nonmetallic sheathed cable) acceptable for
the application under the provisions of the National Electrical Code, ANSI/NFPA 70.

Exception No. 1: An enclosure W/thout prOVIS/on for the connect/on of metal-clad cable, conduit, or a
nonmetallic-enclosed—u : ; used -y ished with it,
definite instri ct/ons /ndlcat/ng the sect/on(s) of the un/t /ntended to be dr///ed in the f/eld for the connection

Exception Np. 2: A line isolation monitor which is infended to be installed in_ah, 'overall enclosure with
other equipment is not required to have provision for connection of metal-clad gable or conduit.

5.1.5 A ling isolation monitor which is to be installed in an overall enclosure shall not be gxposed to an
ambient temperature exceeding 50°C (122°F).

5.1.6 An enclosure shall have means for mounting which shall)be accessible without disagsembling any
operating paft of the unit. Removal of a completely assembled.panel or printed wiring board to mount the
enclosure is hot considered to be disassembly of an operating part.

517 An eIcIosure for a line isolation monitor which'is intended for recessed (flush) mounting shall not
have any op¢nings other than conduit hubs, knockouts, or openings for mounting screws.

5.2 Cast metal enclosures

5.2.1 The thickness of cast metal for;an enclosure shall be as indicated in Table 5.1, exgept that cast
metal having|a thickness 1/32 inch (0.8 mm) less than that indicated in the Table 5.1 is not pfohibited from
being used Wwhen the surface under consideration is curved, ribbed, or otherwise reinforced, or when the
shape and/of size of the surfacelis such that equivalent mechanical strength is provided.

5.2.2 When threads forithe connection of conduit are tapped all the way through a hole infan enclosure
wall, or when an equivalent construction is employed, there shall not be less than 3-1/2 nof more than 5
threads in the metal, and the construction shall be such that a standard conduit bushing |[is capable of
being proper]y attached.

5.2.3 When threads for the connection of conduit are tapped part way through a hole in an enclosure
wall, there shall be at least 3-1/2 full threads in the metal, and a smooth, rounded inlet hole for the
conductors, which shall afford protection to the conductors equivalent to that provided by a standard
conduit bushing.
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Table 5.1
Cast-metal enclosures
Minimum thickness
Cast metal of other than the
Die-cast metal, die-cast type,
Use, or dimensions of area involved inches (mm) inches (mm)

Area of 24 square inches (154 cm?) or less and having 116 1.6 1/8 3.2

no dimension greater than 6 inches (152 mm)

Area greater than 24 square inches or having any 3/32 24 1/8 3.2

dimension greater than 6 inches

At a threaded conduit hole 1/4 6.4 1/4 6.4

At an unthreadgd conduit hole 1/8 3.2 1/8 3.2
5.3 Sheet npetal enclosures
5.3.1 The thickness of sheet metal employed for the enclosure of a line isolation'monitor shall not be less

than indicate
from being us

the shape andl/or size of the surface is such that adequate mechanical strength is provided.

5.3.2 Atan
thickness or s
flat sheet sted

5.3.3 Anplat
not less than:

a) 0.0
inch (4

b) 0.0
inch (3

5.3.4 A clog
device or a st

5.3.5 A knd
removed with

i in Table 5.2, except that sheet metal of two gage sizes lesser thickness is n
ed when the surface under consideration is curved, ribbed, or'otherwise reinfor

y point where conduit or metal-clad cable is to be’ attached, sheet metal sha
hall be formed or reinforced so that it has the stiffness at least equivalent to tha
I having a minimum thickness of 0.053 inch (1735 mm) (No.16 MSG).

b or plug for an unused conduit openingor other hole in the enclosure shall hav

4 inch (0.36 mm) for steel or 0:019 inch (0.48 mm) for nonferrous metal for a ho
.4 mm) maximum dimensionor

P7 inch (0.66 mm) steel'ar'0.032 inch (0.81 mm) nonferrous metal for a hole h
4.9 mm) maximum dimension.

ure for a larger hole shall have a thickness equal to that required for the eng

ckout‘in-a sheet metal enclosure shall be reliably secured but shall be cap4
put'undue deformation of the enclosure.

ot prohibited
ced, or when

| be of such
I of uncoated

b a thickness

le having 1/4

pving a 1-3/8

losure of the

bndard knoekout seal shall be used. Such plates or plugs shall be securely mounted.

ble of being

5.3.6 A knockout shall be provided with a flat surrounding surface adequate for proper seating of a
conduit bushing, and shall be located so that installation of a bushing at any knockout likely to be used
during installation will not result in spacings between uninsulated live parts and the bushing of less than
those indicated in Spacings, Section 12.
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Table 5.2
Sheet metal enclosures

Maximum enclosure dimensions Minimum thickness of sheet metal
Copper, brass, or
Any linear Steel aluminum,
dimension, Area of any surface, Zinc-coated, Uncoated,
inches (mm) inches? (cm?) inches (mm) inches (mm) inches (mm)
12 305 90 581 0.034 (0.86) 0.032 (0.81) 0.045 (1.14)
[2077 [207 [1617
24 610 360 2322 0.045 (1.14) 0.042 (1.07) 0.058 (1.47)
[18] [18] [14]
48 1219 1200 7742 0.056 (1.42) 0.053 (1.35) 0.075] (1.91)
[16] [16] 2]
60 524 1500 9678 0.070 (1.78) 0.067 (1.70) 0.095 (2.41)
[14] [14] [10]
Over 60 524 Over 1500 9678 0.097 (2.46) 0.093 (2.36) 0.122 (3.10)
[12] [12] (8]

@ The figures in
numbers (for u
minimum thick|

brackets are the Galvanized Sheet Gage numbers (for zinc-coated steel), the Manufacturers' Stand
hcoated steel), and the American Wire Gage (B & S) numbers (fof\a honferrous metal) which providg
hess of metal.

ard Gage
the required

5.4 Nonmadtallic enclosures

541
be connecte
enclosure of
an isolating

5.4.2 Wher
the dimensio

5.4.3 Among the factors taken into consideration when determining the acceptability of

enclosure ar
a)Th

b)Re

Nonnpetallic material shall not be employed-for an enclosure of a line isolation monit

d directly to rigid conduit or metal¢lad cable. It is not prohibited from being
a unit intended to be installed incan overall metal enclosure with other equipme
ower panel assembly.

a nonmetallic enclosure.is employed, the continuity of the grounding system sh
hal integrity of the nonmetallic material.

-
P -

b mechanical strength;

sistance to impact;

br intended to
) used as an
nt, such as in

all not rely on

A nonmetallic

c) Mo

isture-absorptive properties;

d) Combustibility and resistance to ignition from electrical sources;

e) Dielectric strength, insulation resistance, and resistance to arc tracking; and

f) Resistance to distortion and creeping at temperatures to which the material is subjected under
conditions of normal or abnormal usage.

All these fact

ors are to be considered with regard to aging.
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5.5 Ventilating openings
5.5.1 Ventilating openings in an enclosure, including perforated holes, louvers, and openings protected

by means of wire screening, expanded metal, or perforated covers, shall be of such size or shape that no
opening permits passage of a rod having a diameter of 9/64 inch (3.6 mm).

5.5.2 An enclosure housing fuses or any other overload-protective device, and provided with ventilating
openings, shall afford adequate protection against the emission of flame or molten metal.

5.5.3 The average thickness of perforated sheet metal and sheet metal employed for expanded-metal
mesh shall not be less than:

a) 0.

perfortions are 1/2 inch? (323 mm?) or less in area and

b) 0.0

Exception: W
uninsulated li
minimum val
inch (0.59 mn
or surface o
dimension gn
than 3-1/2 ing

554 The w
openings sha|

5.6 Covers

5.6.1 Anen
access to fus
require renew
unit.

5.6.2 Withr

2 inch (1.07 mm), 0.046 inch (1.14 mm) if zinc coated, when the mesh

0 inch (2.04 mm), 0.084 inch (2.14 mm) if zinc coated, for larger openings.

hen the indentation of a guard or enclosure wall does not alter the cleara
e parts and grounded metal and affect performance adversely,or reduce spacin
e given under Spacings, Section 12, 0.021 inch (0.53 mm) expanded metal
n) if zinc coated] is not prohibited from being used, when the exposed mesh on
the device so protected has an area of not moré\than 72 inches? (464 n
pater than 12 inches (305 mm), or when the widthof an opening so protected

hes (90 mm).

ires of a screen shall not be smaller than No. 16 AWG (1.3 mm diameter) an
| not be greater than 1/8 inch (3.2 mm) square in area.

closure cover shall be hinged, sliding, pivoted or similarly attached when it pr
es or any other overcurrent protective device, the intended protective functior

silencing an

action in connection with'its intended performance.

5.6.3 A hindged cover is not required when it is not necessary to open the cover in connectio

bference 10, 516.41, normal operation is considered to be operation of a switch for
udible signal appliance or operation of any other component of a unit which 1

openings or

ce between
gs below the
mesh [0.024
any one side
hm?) and no
s not greater

d the screen

pvides ready
ing of which

al, or when it is required to open the cover in connection with the normal opgration of the

testing or for
equires such

n with normal

operation of the unit, and the only fuse(s) enclosed is for protection of portions of internal circuits against
damage resulting from a fault. The following or equivalent marking shall be indicated on the outer surface
of the cover provided: "CAUTION — CIRCUIT FUSE (S) INSIDE — DISCONNECT POWER-SUPPLY
PRIOR TO SERVICING. "

5.6.4 When a hinged cover is required, it shall be provided with a latch, screw, or catch to hold it closed.
The hinged cover of a unit intended to be installed where it is accessible to other than authorized
personnel shall be provided with a key lock or with a screw requiring a tool for removal.

5.6.5 Anunhinged cover shall be securely held in place by screws or the equivalent.
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5.7 Glass panels

5.7.1
place so that it cannot be readily displaced in service and shall provide adequate mechanical

A glass panel covering an observation opening, other than a meter cover, shall be securely held in

protection for

the enclosed parts. The thickness of the glass panel shall not be less than that indicated in Table 5.3.

Table 5.3
Thickness of glass covers
Maximum size of opening
Length or width, Area Minimum thickness of glass,

inches (mm) inches? (cm?) inches (mm)

4 102 16 103 116 1.6

12 305 144 927 1/8 3.2
Over 12 305 Over 144 927 a

@ 1/8 inch (3.2 jnm) or more, depending upon the size, shape, and mounting of the glass panel.

572 Agla
any dimensid
3/16 inch (4.

n greater than 12 inches (305 mm), shall be supported by a continuous flange
mm) deep along all four edges of the panel.

5.7.3 A trapsparent material other than glass, employed-as a cover over an opening in
shall have miechanical strength equivalent to that of glass, not introduce a risk of fire, distor
less transparent at the temperature to which it is subjected under all conditions of intended us

6 Electric $hock

6.1 Any palrt that is exposed only during.operator servicing shall not present the risk of €
See Electric Bhock Current Test, Section.26.

6.2 Each tgrminal provided for_the connection of an external antenna shall be conductively
the supply circuit grounded conductor. The resistance of the conductive connection shall n
megohms. The wattage ratingjshall be at least 1/2 watts, and the conductive connection shg
with the power switch in either the on or off position.

Exception: The conductive connection is not required to be provided when:

5s panel for an opening having an area of more than 144 sguare inches (927 ci?), or having

not less than

an enclosure,
, hor become
e.

lectric shock.

connected to
bt exceed 5.2
Il be effective

a) Such_a connection is established in the event of electrical breakdown of the antenna isolating

means;

b) The breakdown does not result in a risk of electric shock; and

¢) In a construction employing an isolating power transformer, the resistance of the conductive

connection between the supply circuit and chassis does not exceed 5.2 megohms.

6.3 The maximum value of 5.2 megohms specified in 6.2 is to include the maximum tolerance of the

resistor value used; that is, a resistor rated 4.2 megohms with 20 percent tolerance or a resi
megohms with a 10 percent tolerance is acceptable. A component comprised of a capacitor

stor rated 4.7
with a built-in

shunt resistor that complies with the requirements for antenna isolating capacitors is not prohibited from

being rated a minimum of 1/4 watt.

6.4 The insertion in any socket of any vacuum tube or its glass or metal equivalent of like designation

used in the product shall not result in a risk of electric shock.
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7 Corrosion Protection

7.1

galvanizing, sherardizing, plating, or other equivalent means.

Exception: The requirement does not apply to:

a) Bearings, and the like, where such protection is impracticable or

Except as indicated in 7.2, iron and steel parts, shall be protected against corrosion by enameling,

b) Minor parts, such as washers, screws, bolts, and the like, when corrosion of such unprotected
parts does not result in a risk of fire, electric shock, or injury to persons, or impair the operation of
the unit.

7.2 The req
and other pz
properly polis|
surfaces shal

8 Field-Wir

8.1 Genera

8.1.1 A ling
conductors of
the rating of t

8.1.2 There
wire connecti

8.1.3 The t

terminal plat¢s having upturned lugs-or-the equivalent to hold the wires in position. O

connections 4

8.1.4 A wir
diameter). Th

8.1.5 Excep

uirement of 7.1 applies to all enclosing cases of sheet steel or cast iron,.and
rts upon which intended mechanical operation depends. Parts madé)of stg
hed or treated, when required, do not require additional protection against corro
be of such material and construction as to resist binding due to corrosion.

ng System Connections

isolation monitor shall be provided with wiring terminals or leads for the @
at least the size required by the National Electrical Code, ANSI/NFPA 70, corr
ne unit.

to all springs
inless steel,
s5ion. Bearing

onnection of
esponding to

shall be sufficient space within a terminal or wiring compartment to permit completion of all

bns specified by the installation wiring‘diagram.

erminal parts to which wiring_connections are made shall consist of binding

re not prohibited from being provided when determined to be equivalent.

b binding screw @niployed at a wiring terminal shall not be smaller than Ng
e screw shall thread into metal.

t as noted<dn 8.1.6, a terminal plate tapped for a No. 6 (3.5 mm diameter) wire-h

shall be of m

metal, and shll.be prevented from turning.

Fal notless than 0.030 inch

(0.77 mm) thick. It shall not have less than two full t

screws with
her terminal

. 6 (3.5 mm

inding screw
hreads in the

8.1.6 A terminal plate is not prohibited from having the metal extruded at the tapped hole for the wire-
binding screw so as to provide two full threads. Other constructions are not prohibited when they provide
equivalent security.

8.1.7 Field wiring terminals shall be secured to their supporting surfaces by methods other than friction
between surfaces so that they are prevented from turning or shifting in position when such motion results
in reduction of spacings to less than those required. This is capable of being accomplished by:

a) Two screws or rivets;
b) Square shoulders or mortices;
c) A dowel pin, lug, or offset;

d) A connecting strap or clip fitted into an adjacent part; or
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e) Some other equivalent method.

8.1.8 All leads provided for field connections shall be:
a) At least 6 inches (152 mm) long;
b) Provided with strain relief; and

c) Not smaller than No. 18 AWG (0.82 mm?).

Exception: The leads are not prohibited from being less than 6 inches (152 mm) in length when it is
evident that the use of a longer lead is capable of damaging the insulation.

8.1.9 Rubt{er or thermoplastic insulation for leads provided for field connections shall)nei be less than
1/32 inch (0.8 mm) thick.

8.2 Equipment grounding connection

821 A IinI isolation monitor shall be provided with a clearly identified ‘'separate equipment grounding
terminal or Igad. The grounding terminal or lead shall be connected t6.all exposed dead-metal parts as
described in[10.1.

8.2.2 Aterminal solely for connection of an equipment grounding conductor shall be capable of securing
a conductor ¢f the gage size equivalent to that of the conducters supplying the unit.

8.2.3 A terminal screw intended for the connection»of ‘an equipment grounding conductor shall have a
green colorefl head that is hexagonal, slotted, or baoth. A pressure wire connector intended fpr connection
of such a conductor shall be plainly identified, such’as being marked G, GR, GROUND, GRDUNDING, or
the equivalent; or by a marking on a wiring diagram provided on the device. The grounding [terminal shall
be located s@ that is unlikely to be removed during normal servicing of the device.

8.2.4 The surface of an insulated lead intended solely for the connection of an equipmént grounding
conductor sHall be green, with orwithout one or more yellow stripes. No other lead visible t¢ the installer,
other than grpunding conductors;:shall be so identified.

9 Internal Wiring

9.1 Gener3l

9.1.1 The ipternal wiring of a unit shall consist of insulated conductors suitable for the cufrent rating of
the unit, and having insulation rated for the potential involved and the temperatures to which it is
subjected. The wiring shall be routed away from moving parts and sharp projections and shall be held in
place with clamps, string ties, or equivalent, unless of sufficient inherent rigidity to retain a shaped form.

9.1.2 When the use of a short length of insulated conductor is not feasible (for example, a short coil lead
or the like) electrical insulating tubing is not prohibited from being employed. The tubing shall not be
subjected to sharp bends, tension, compression, or repeated flexing, and shall not contact sharp edges,
projections, or corners. The wall thickness of the tubing shall conform to the requirements for such tubing,
except that the wall thickness at any point for polyvinyl chloride tubing of 3/8 inch (9.5 mm) diameter or
less, shall not be less than 0.017 inch (0.43 mm). For insulating tubing of other types, the wall thickness
shall not be less than that required to at least equal the mechanical strength, dielectric properties, heat-
and moisture-resistant characteristics, and the like of polyvinyl chloride tubing having a wall thickness of
0.017 inch (0.43 mm).
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9.1.3 Leads or a cable assembly connected to parts mounted on a hinged cover shall be of sufficient
length to permit the full opening of the cover without applying stress to the leads or their connections. The
leads shall be secured or equivalently arranged to prevent abrasion of insulation and jamming between
parts of the enclosure.

9.1.4 Internal wiring of circuits which operate at different potentials shall be separated by barriers (see
9.4.1) or shall be segregated, unless the conductors of the circuits are provided with insulation equivalent
to that required for the highest voltage involved. Segregation of insulated conductors is accomplished by
clamping, routing, or equivalent means which insures permanent separation.

9.1.5 Stranded conductors clamped under wire binding screws or similar parts shall have the individual
strands solde ' i i '

9.2 Wireways

9.2.1 Wireways shall be smooth and entirely free from sharp edges, burrs, fin§) moving parts, and the
like, which arg¢ capable of abrading the conductor insulation. See 9.5.1 — 9.5.4.
9.3 Splices

9.3.1 Each $plice and connection shall be mechanically secured and bonded electrically.

9.3.2 A splige shall be provided with insulation equivalent tothat of the wires involved when|permanence
of electrical spacing between the splice and uninsulated metal’parts cannot be maintained.

9.3.3 Splicgs shall be located, enclosed, and supported so that they are not subject to damage from
flexing, motiop, or vibration.

9.4 Barriers

9.4.1 A metgl barrier shall have a thiCkness at least equal to that required by Table 5.2, basgd on the size
of the barrier.|A barrier of insulation material shall not be less than 0.028 inch (0.71 mm) thic and shall be
of greater thigkness when its deformation is capable of defeating its purpose.

9.4.2 Any clearance between the edge of a barrier and a compartment wall shall not excged 1/16 inch
(1.6 mm).

9.5 Bushings

9.5.1 Where alead or wire harness passes through an opening in a wall, barrier, or enclosing case, there
shall be a metal or insulating type bushing, or the equivalent, which shall be substantial, reliably secured in
place, and shall have a smoothly rounded surface against which the wire bears.

Exception No. 1: When the opening is in phenolic composition or other suitable nonconducting material,
or in metal thicker than 0.042 inch (1.07 mm), a smooth surface having rounded edges is considered to be
the equivalent of a bushing.

Exception No. 2: An insulating metal grommet is not prohibited from being used in place of an insulating
bushing when the insulating material used is at least 1/32 inch (0.8 mm) thick and fills completely the
space between the grommet and the metal in which it is mounted.

9.5.2 Ceramic materials and some molded composition are not prohibited from being used for insulating
bushings. Separate bushings of wood and of hot-molded shellac are not to be used.
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9.5.3 Fiber

is not prohibited from being used where:

a) It is not subjected to a temperature higher than 90°C (194°F) under normal operating conditions;

b) When the bushing is not less than 1/16 inch (1.6 mm) in thickness, with a minus tolerance of
1/64 inch (0.4 mm) for manufacturing variations; and

c) When it is formed and secured in place so that it is not affected adversely by ordinary ambient
conditions of humidity.

9.5.4 When a soft rubber bushing is employed in a hole in metal, the hole shall be free from sharp edges,
burrs, projections, and the like, which are capable of cutting into the rubber.

9.6 Strain

9.6.1 A strg
or cords whi
of a unit to ¢
Inward movs
internal conn

9.6.2 Each
during install
(44.5 N) with

10 Bondin

10.1 Ane
become ene
terminal or le

elief

in relief means shall be provided for the field supply leads, and all inteérnally co
h are subject to movement in conjunction with the installation, operation, or no
revent any mechanical stress from being transmitted to terminals. 'and internal
ment of the cord or leads provided with a ring-type strain «elief means shal
ections or components, or result in a reduction of electricalspacings.

lead employed for field connections or an internal lead subjected to moveme
ption and normal servicing shall be capable of withstanding for 1 minute a pull
put any evidence of damage or of transmitting thestress to internal connections,

j for Grounding

posed (see 10.2) noncurrent-carrying metal part of a high-voltage unit whig

nected wires
mal servicing
connections.
not damage

nt or handling
of 10 pounds

h is liable to

Fgized shall be reliably bonded to the point of connection of the field-equipmént grounding

ad, when provided or required;sand to the metal surrounding the knockout, ho

provided for field power-supply connections.

10.2 Excef
brackets, ca

t as indicated in 10.3, uninsulated metal parts of electrical enclosures, contrg
pacitors, and othefr:electrical components shall be bonded for grounding w

capable of bging contacted by'the user or by a serviceman in servicing the equipment.

10.3 Metal

a) Ad
outsig

parts as described below are not required to comply with the requirement of 10.2.

hesive-attached, metal foil markings; screws; handles; and the like, which are |
e of\the enclosure and isolated from electrical components or wiring by grounde

e, or bushing

ller mounting
hen they are

bcated on the
d metal parts

so thd

t fhny are not Iil(nly to become nnnrgi7nd

b) Isolated metal parts, such as small assembly screws, and the like, that are separated from wiring

andu

ninsulated live parts.

c) Panels and covers that do not enclose uninsulated live parts when wiring is positively separated
from the panel or cover so that it is not likely to become energized.

d) Panels and covers that are insulated from electrical components and wiring by an insulating
barrier or vulcanized fiber, varnished cloth, phenolic composition, or similar material not less than
1/32 inch (0.8 mm) thick and secured in place.

10.4 A bonding conductor shall be of material suitable for use as an electrical conductor. When made of
ferrous metal, it shall be protected against corrosion by painting, plating, or the equivalent. The conductor
shall not be smaller than the maximum size wire employed in the circuit wiring of the component or part. A
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separate bonding conductor or strap shall be installed in such a manner that it is protected from
mechanical damage.

10.5 The bonding shall be by a positive means, such as by clamping, riveting, bolted or screwed
connection, brazing, or welding. The bonding connection shall penetrate nonconductive coatings such as
paint. Bonding around a resilient mount shall not depend on the clamping action of rubber or similar
material.

10.6 A bolted or screwed connection that incorporates a star washer under the screwhead, is not
prohibited from being used for penetrating nonconductive coatings.

10.7 When the-bonding-means-c

pends-Upon-sc H] threads of a
single screw ¢ngaging metal shall be employed.

10.8 Metal-{
means for bo

10.9 Splices

11 Comporn

0-metal, hinge-bearing members for doors or covers are not prohibited from bei
nding the door or cover for grounding when a multiple, bearing-pin type Hinge is

shall not be employed in conductors used to bond electrical enclosures or com

ents

Nng used as a
employed.

bonents.

11.1 Current-carrying parts
11.1.1 A cufrent-carrying part shall be rated for the application and shall be made of metal s

copper or cogper alloy, or the equivalent.

uch as silver,

11.1.2 Bear|
and moving p

ngs, hinges, and the like, are not to be used for carrying current between interirelated fixed

arts.

11.1.3 The
moisture.

nsulation of coil windings_of relays, transformers, and the like, shall resist the absorption of

11.1.4 Enameled wire is not required to be given additional treatment to prevent moisture abjsorption.

11.2 Insulafing material

11.2.1  Among the factors to be considered in evaluating electrical insulation are:

a) Meg¢hanical and electrical strength;

b) Resistance to burning, moisture, arcing, and creep;
c¢) Flow due to stress; and

d) Resistance to temperatures anticipated in use.

Examples of some materials capable of being used include phenolic or cold-molded composition. Other
insulating materials are not prohibited from being used when they possess equivalent mechanical and
electrical properties.

11.2.2 Vulcanized fiber is not prohibited from being used for insulating bushings, washers, separators,
and barriers, but not for the sole support of live parts.
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11.2.3 The thickness of a flat sheet of insulating material, such as phenolic composition employed for

panel-mounti

ng of parts, shall not be less than that indicated in Table 11.1.

Table 11.1
Thickness of insulating material

Maximum dimension, Maximum area, Minimum thickness,
inches (mm) inches? (cm?) inches (mm)
24 610 360 2,322 3/82 9.5
48 1,219 1152 7,434 12 12.7
48 219 1728 1200 518 15.9
Over 48 1,219 Over 1728 11,200 3/4 19.1

@ Material less
when the pang
1/8 inch is not

than 3/8 inch (9.5 mm) but not less than 1/8 inch (3.2 mm) in thickness is not prohibited frombeing u|
is adequately supported or reinforced to provide rigidity not less than that of a 3/8 inch sheet. Mater
brohibited from being used for subassemblies, such as supports for terminals for interfial wiring, resi

sed for a panel

ial less than
tors, and other

components.
11.2.4 A tefminal block mounted on a metal surface which may be grounded shall be provided with an
insulating bafrier between the mounting surface and all live parts on the underside of the base which are

not staked, U

replaceable ferminal screws from coming in contact with the supporting surface.

11.2.5 A cd
melt at a te
assembly, ar
be at least 1

11.26 Ani
similar mate

inch (0.69 mim) in thickness; except thataliner or barrier not less than 0.013 inch (0.33 mm)

not prohibite

air spacing re¢quired. The liner shall.be located so that it is not affected adversely by arcing.

Exception: In
when it has €

1.3 Lamp

pset, sealed or equivalently prevented from looseningto prevent such parts an

untersunk, sealed part shall be covered with*a-waterproof insulating compoun
mperature 15° C (27° F) higher than the myaximum intended operating temps
d not less than 65°C (149°F) in any case~The depth or thickness of sealing co
8 inch (3.2 mm).

hsulating liner or barrier of vuleanized fiber, varnished cloth, mica, phenolic cg
ial employed where spacings-would otherwise be insufficient, shall be not les

j from being used in conjunction with an air spacing of not less than one-half q

sulating materialhaving a thickness less than that specified is not prohibited fro
quivalent jnsulating, physical, and flammability properties.

holders.and lamps

d the ends of

d that will not
rature of the
mpound shall

mposition, or
5s than 0.028
n thickness is
f the through

m being used,

11.3.1 Atle

act nf o lamne Aana araan Aana rad chall ha marimtad An tha vinit Additian
aSt-OtWoTa eSS o e-Houte G oOHtHeuHHt—Gaot

amps are not

PO oo groer—onc L

prohibited from being provided for indication of supplementary features.

11.3.2 Each lampholder shall have a current and voltage rating not less than that of the circuit in which it

is connected

when the device is operated under any condition of intended service.

11.4 Meters

11.4.1

A meter marked to indicate the total hazard current in milliamperes shall be provided integral with

the unit and additionally marked to indicate the alarm and nonalarm zones. The Total Hazard Current,
specified in 18.1(c), shall be at approximately the center of the scale.

11.4.2 A digital meter shall distinguish the alarm level current display from lower current value displays
by flashing of the display or by energization of an additional character.
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11.5 Printed-wiring boards

11.5.1 Printed-wiring boards shall be acceptable for the application. Components shall be secured to the
board against displacement or disconnection and the spacings between circuits shall be maintained. The
board shall be mounted so that deflection of the board during servicing shall not result in damage to the
board or risk of fire, electric shock, or injury to persons.

11.6 Switches

11.6.1 A switch provided as part of a line isolation monitor shall have a current and voltage rating not less
than that of the circuit that it controls when the device is operated under any condition of intended service.

11.6.2 A tesft switch, mounted on the monitor, shall be provided to indicate an alarm condition. The switch
shall be of a momentary contact type.

11.7 Protegtive devices

11.7.1 Fuseholders, fuses, and circuit breakers provided on a line isolation.monitor shall be| rated for the
application.

11.8 Alarmjsilencing means

11.8.1 A swjitch or other means shall be provided on the, ling*isolation monitor for silencing the audible
alarm.

11.9 Audible signaling appliance

11.9.1 The line isolation monitor shall have provision either for an integral audible signaling|appliance or
wiring terminals or leads for connection to a remote device.

11.10 Mounting of components

11.10.1  All parts of a line isplation monitor shall be securely mounted in position and prevented from
turning or loosening when such motion affects adversely the normal performance of the unit.

11.10.2 A [switch, fampholder, attachment-plug receptacle, plug connector, or similar electrical
component, ghall be \mounted securely and, except as noted in 11.10.3 and 11.10.4, shall be prevented
from turning.

11.10.3 The requirement that a switch be prevented from turning is not prohibited from being waived
when all of the following conditions are met:

a) The switch is of 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 normal operation of
the switch.

b) The means of mounting the switch makes it unlikely that operation will loosen the switch.
c) The spacings are not reduced below the minimum acceptable values if the switch does rotate.

d) The normal operation of the switch is to be by mechanical means rather than by direct contact by
persons.
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11.10.4 The lampholder of a type in which the lamp cannot be replaced, such as a neon pilot or indicator
light in which the lamp is sealed in by a nonremovable jewel, is not required to be prevented from turning
when rotation cannot reduce spacings below the minimum acceptable values.

11.10.5 The means for preventing turning of a device shall consist of more than friction between
surfaces. However, a lock washer, properly applied, is acceptable as the means for preventing a small
stem-mounted, switch or other device having a single-hole mounting means from turning.

11.10.6  Uninsulated live parts, including terminals, shall be secured to their supporting surfaces by
methods other than friction between surfaces, so that they are prevented from turning or shifting in position
when such motion results in the reduction of spacings to less than those required. The security of contact
assemblies i ' i

Ope]ating components

11.11.1 Ogerating components, such as switches, relays, and similar devicesy shall b
protected agginst fouling by dust or by other material which are capable of adversely affectin
operation. The use of an individual dust cover enclosing operating components, or a gaske
unit enclosure and cover, is not prohibited.

11.11

e individually
j their normal
between the

11.11.2 Mo

11.11.3  Prg
under the co

11.11.4 Ma
subjected in

12 Spacings

12.1  Spaci
of opposite p

Exception: T]
which is proy
the compong
device, inclu

12.2 The s

ving parts shall have sufficient play at bearing surfaces'to prevent binding.

vision shall be made to prevent adjusting screwsand similar adjustable parts ff
nditions of actual use.

hually-operated parts shall have sufficient strength to withstand the stresses to v
bperation.

plarity, shall not be less than those indicated in Table 12.1.

he spacings requirements in Table 12.1 do not apply to the inherent spacings of
ided as part of the device. Such spacings are evaluated on the basis of the req
nt. The electrical clearance resulting from the assembly of a component into
ing clearances to dead metal or enclosures, shall be those indicated in Table 12

pacing between uninsulated live parts and a wall or cover of a metal enclosur

om loosening

hich they are

ngs between uninsulatedlive parts and dead-metal parts, and between uninsulated live parts

a component
uirements for
the complete
. 1.

e, a fitting for

laedl

conduit orm
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Fable 12.1.

12.3 The Through-air and Over-surface spacings at an individual component part are to be evaluated on
the basis of the volt-amperes used and controlled by the individual component. However, the spacings
from one component to another, and from any component to the enclosure or to other uninsulated dead-
metal parts excluding the component mounting surface, are to be evaluated on the basis of the maximum
voltage and total volt-ampere rating of all components in the enclosure.

12.4 Enamel insulated wire is considered to be a bare current-carrying part in determining compliance of
a device with the spacing requirements, but enamel is acceptable as turn-to-turn insulation in coils.
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Table 12.1
Minimum spacings
Minimum spacings
Through-air, Over-surface,
Voltage range,
Point of application volts inches? (mm) inches? (mm)
To walls of enclosure®
Cast metal enclosures 0-300 1/4 6.4 1/4 6.4
Sheet metal enclosures 0-300 1/2 12.7 12 12.7
Installation wiring terminals
With barriers — See 11.2.6 0-30 1/8 3.2 3/16 4.8
31-150 1/8 3.2 1/4 6.4
151 -300 1/4 6.4 3/8 9.5
Without barrigrs 0-30 3/16 4.8 3/16 4.8
31-150 1/4 6.4 1/4 6.4
151 -300 1/4 6.4 3/8 9.5
Rigidly clamped assemblies®
100 volt-ampkres or less 0-30 1/32 0.8 1/32 0.8
Over 100 vol{ amperes 0-30 3/64 1.2 3/64 1.2
31-150 1/16 1.6 116 1.6
151 -300 3/32 2.4 3/32 24
Other parts 0-30 116 1.6 1/8 3.2
31-150 1/8 3.2 1/4 6.4
151 -300 1/4 6.4 3/8 9.5

@ Measurementk are to be made with solid wire of adequate ampacity for the applied load connected to each terminal. In no case
is the wire to bg smaller than No. 14 AWG (2.1 mm?).

® The To-enclodure spacings are not to be applied to an.individual enclosure of a component part within an outer en¢losure.

¢ Rigidly clampgd assemblies include such parts as-contact springs on relays or cam switches, printed wiring boardg, and the like.

13 Servicing and Maintenance

13.1  An unipsulated live part and hazardous moving parts within the enclosure shall be located, guarded,
or enclosed go as to minimize the risk of unintentional contact by persons performing service or testing
functions whi¢h are performed with the equipment energized. See 13.5.

13.2 Manual switching devices are not prohibited from being located or oriented with regard to
uninsulated liye parts or hazardous moving parts, so that manipulation of the mechanism is gccomplished
in the normal direction of access, when uninsulated Tive parts or hazardous moving parts are not located in
front (in the direction of access) of the mechanism, and are not located within 6 inches (152 mm) on any
side or behind the mechanism, unless guarded.

13.3 In determining compliance with 13.2, only uninsulated live parts in high-voltage circuits are to be
considered. The following are not considered to be uninsulated live parts:

a) Coils of controllers, relays, and solenoids, and transformer windings, if the coils and windings
are provided with suitable insulating overwraps;

b) Enclosed motor windings;

¢) Terminals and splices with suitable insulation and insulated wire.
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13.4 An electrical control component which requires examination, adjustment, servicing, or maintenance
while energized, shall be located and mounted with regard to other components and with regard to
grounded metal parts so that it is accessible for electrical service functions without subjecting persons to
the risk of electric shock from adjacent uninsulated live parts or unintentional contact with adjacent
hazardous moving parts.

13.5 Other arrangements of location of components, or guarding, or both, are acceptable where
electrical components are accessible for service as indicated by 13.4; for example, electrical components
located within enclosures having covers or panels requiring tools for their removal. The outside surface of
the cover or panel shall be marked with the following or equivalent wording: "CAUTION — DISCONNECT
POWER-SUPPLY BEFORE REMOVING THIS COVER (PANEL)."

PERFORMANCE
14 Genera

14.1  The performance of a line isolation monitor with related indicating devices shall be investigated by
subjecting a| representative sample to the following tests and, as far as applicable, in the sequence
presented.

14.2 When|a unit is to be mounted in a definite position in orderto function properly as dgtailed by the
installation instructions or markings on the unit, it shall be tested-inthat position.

14.3 Unlesp specifically specified otherwise the test voltage for each test shall be as follows at rated
frequency:

Detector rated voltage, nameplate Test voltage
110to0 120 120
220 to 240 240

Other Marked rating

15 Normal|Operation Test

15.1 A linel isolation monitor shall be capable of operating as intended when employed in conjunction
with related indicating<devices to form any system combination covered by the installation wiring diagram
and any supplementary information provided.

15.2 To dgtermine when a line isolation monitor complies with the requirements of 13.1, indicating
devices as described in 15.3, and power-supply circuits are to be connected to the monitor to form a
typical combination.

15.3 The indicating devices employed are to be those lamps, remote indicators, buzzers, etc., specified
by the installation wiring diagram of the monitor, except that substitute devices are not prohibited from
being used when they are determined by investigation to produce signal indication and circuit loading
equivalent to those of the specified devices.

15.4 A line isolation monitor shall be in a normal standby condition and prepared for normal signaling
operation when it is connected to a source of supply in accordance with 14.3 and to related devices and
circuits as specified in 15.1 — 15.3. The green signal lamp shall be energized and the meter shall read in
the nonalarm or safe zone. The enclosure of the device shall be grounded to the test apparatus enclosure.
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15.5 When continuous monitoring is not provided, the minimum sweep frequency of a line isolation
monitor, as determined by an oscilloscope or equivalent means, shall not be less than 1 cycle per second
for sampling of each side of line.

15.6 Operation of the test switch with the unit in a normal standby condition shall result in de-
energization of the green signal lamp and the energization of the red signal lamp and audible signal. This
switch shall transfer the grounding terminal of the line isolation monitor from the reference grounding point
to a test impedance arrangement having a magnitude sufficient to produce a monitor meter reading of at
least 2 mA at rated line voltage. The operation of this switch shall not add to the risk of electric shock
within the system in actual use, nor will the test include the effect of the line-to-ground stray impedance of
the system. It shall be impossible to inadvertently leave the test switch in the test position. The same
results shall be obtained when the device is subjected to the Overvoltage and Undervoltage Test, Section

19.

15.7 When
with the unit
shall be obtd

A non-automatically-reset-type, alarm-silencing switch is operated to the)off-ng
n a normal standby condition, a visual indication other than the green or red

which indicafes the normal position of the alarm silencing switch, is capable of being

indication.

15.8 With tH
turn, to the 1
audible alarm
scale). Remo
audible alarm|

15.9 The dg

15.10 Oper
audible signa
in a silenced

the audible 4
audible or di
audible alarm
to the normal

15.11 The ¢

e monitor and indicator unit(s) in a normal standby condition, each line is to be
eference ground. This shall de-energize the green. lamp and energize the r
signal to indicate an alarm condition. The meter shall read in the alarm zone ¢
val of the ground fault shall re-energize the greenfamp and de-energize the red
signal to indicate restoration of the system te a‘normal standby condition.

lay in annunciation of the alarm threshold shall not exceed 5 seconds.

ation of the silencing means with the monitor in an alarm condition shall de-
with the red signal lamp remaining energized. Removal of the ground fault wit
condition shall re-energize:the'green signal lamp and de-energize the red signa
larm silencing circuit does not reset automatically when the ground fault is

stinctive visual signal, other than the green and red signal lamps, shall indi
signal is silenced--Qperation of a resetting means, such as restoration of a sile
position, shall then‘complete the restoration of the system to a normal standby g

peration ¢f-a remote indicator unit shall be the same as for the line isolation m

components ¢mployed.,

rmal position
signal lamps

ned. The de-energizing of a light, other than red or green or an_equivalent arrangement,

ised for this

grounded, in
bd lamp and
r above (off-
amp and the

energize the
h the monitor
lamp. When
removed, an
cate that the
bncing switch
ondition.

onitor for the

16 Sampling Circuit Supervision Test

16.1

samples each line when the failure is not indicated during operation of the test switch.

Provision shall be made on a line isolation monitor to indicate failure of a monitoring circuit which

16.2 For this test the line isolation monitor and related devices shall be connected to a source of supply,
in accordance with 14.3, and a single fault shall be applied, in turn, to various components in the
monitoring circuit. Examples of common faults include stoppage of pulsing-type relay contacts in an open
or closed condition, open or short on a component which is likely to fail over a period of time (such as an
electrolytic capacitor), and the like.
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17 Powerl

17.1

nput Test

The current or wattage input to a line isolation monitor and remote indicating unit shall not exceed

110 percent of the rated value when the units are connected to a source of supply in accordance with 14.3
and operated in the maximum normal load condition.

18 Leakage Current Measurements Test

18.1

a) The test circuit leakage shall not exceed 20 microamperes (pA).

Leakage current measurements of a line isolation monitor shall comply with the following:

b) Th

Excef
the th
of the

c) An
value
shall

Excef

d) Th

e) All
at the

18.2 For th
used) are to
balanced an
reactive, illu
enclosure.

e Monitor Hazard Current (MHC) shall not exceed 1.0 mA.

ption: The current through a line isolation monitor of the low-impedance type m4
reshold value and twice the threshold value for not longer than 5 milliseconds w
isolated system is grounded.

alarm signal shall be obtained when the Total Hazard Current (THC) reache
of not more than 5.0 mA, but not less then 2.0 mA. At the threshold value, the al
be continuous, but a pulsating signal is permissible.

ption: The threshold value is not prohibited from being.Jess than 2.0 mA when:
i) The Fault Hazard Current is not less than 35'pércent of the Total Hazard Cur
ii) The Monitor Hazard Current is not more-than 50 percent of the Total Hazard
b line isolation monitor shall not alarm-for a Fault Hazard Current (FHC) of 3.7 m

monitor meter readings shall be(within 10 percent of the test meter or oscillosg
alarm threshold. Above this value, the meter may be read in the red alarm zone

is test the line isolation“monitor and the maximum number of remote indicatg
be energized from atsource of supply in accordance with 14.3 and connected,
I unbalanced impédances, resistive, capacitive-reactance, combination resisti
strated in Figure) 18.1. The enclosure of the device is to be grounded to t

y be between
hile any point

s a threshold
arm condition

rent and
Current.
A or less.

ope readings

r units (when
in turn, to the
e-capacitive-
ne apparatus
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Figure 18.1
Balanced and unbalanced impedance circuits
L,
L,0 o—<ﬂ3~—~
2 r Balonced
‘% m-m LlM_’ * | | o _‘_‘_’_ I_O_ - —T Resistive
|_2 O IOO ohms _.J’._ 1 @
She Lo
Ground Reference 2
Legend: L
RI - Remote Indicator (connected only when it contributes to 1 O—
LIM - Line Isolation Monitor monitor leakage) _L(
S, = Monitor circuit switch i Balbnced
Sz — Meter circuit switch e ~
S: - Foult impedance circuit switch /Capoc-hve
MA - Test Meter or oscillascope measurement —t
across 100 ohms precision resistor. L
2| o—— @
Ly O— Ly [e) L
Single é’
Resistive Hlybrid
Oo— O— RFC
Single L1
Resistive T
4| o ® - ® 4 |®
L' O L1 O L| [ —
_ Single _L/
Copacitive T Hybrid
o O— ) o0— R-C
| o Single
>— Capacitive
4| o OO et JNG) I
|.| o—h |.1 o) L| O—
L Single
4% = R-C =
= 45 S:\ gl e o— o'laonéed
;_—I 45 ;/ %’
L2| o @ L, oi— L2| o

MONITOR HAZARD CURRENT (MHC)
FAULT HAZARD CURRENT (FHC)

TOTAL HAZARD CURRENT (THC)
SM781

— Leaokage contributed by monitor and indicators. S, closed,
S; open, S, connected in turn to each side of line.

- Leakage contributed by foult impedance only. S, open, S; closed,
S, connected in turn to each side of line.

- Leokage contributed by monitor, remote indicators, and fault impedance.
Sy ond Sj3 closed, S; connected in turn to each side of line,
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18.3 Employing the test circuit in Figure 18.1, the following measurements are to be recorded for each
test impedance using the related procedure:

a) TEST CIRCUIT LEAKAGE CURRENT - Leakage current contributed only by the supply with the
fault impedance, monitor, and remote indicators disconnected. Switches S; and S; are to be open.
S, is to be connected, in turn, to each side of line. If the leakage current is greater than 20 pA,
adjustments of the supply circuit and connected wiring are to be made to reduce the leakage
current to 20 pA or less.

b) MONITOR HAZARD CURRENT (MHC) — Leakage current contributed only by the monitor and
indicators. For this measurement the fault impedance is to be disconnected. Switch S, is to be
closed, S; open, and S, is to be connected, in turn, to each side of line.

c)T

turn,
to be
value

d) FA
impeq
Folloy
(c), S

e) Al

18.4 Althol
value is cons

18.5 For th
receive their

18.6 The in
by electrical

18.7 The h
compliance

18.8 Spike
their energy

A
conrﬂTcted fault impedance. Switches S; and S; are to be closed, Switch S, isto be

L HAZARD CURRENT (THC) — Leakage current contributed by the monitdr,)i

0 each side of line. For each fault impedance configuration, the impedance apg
of a high enough value that an alarm is not obtained and is then to be reduced
where an alarm is indicated.

ULT HAZARD CURRENT (FHC) — Leakage current contributed by the co
ance only. For this measurement the monitor and indicators are to be

ving each leakage current measurement at which an alarm’occurs during the te
vitch S, is to be opened, S; closed, and S, connected,in turn to each side of the

monitor meter current readings recorded at the moment of alarm.

gh the Test Circuit Leakage Current is inclided in the readings of 18.3(b) —
idered negligible.

e leakage current measurements only those remote indicators are to be con
source of energy from the detector.

ternal monitoring (sampling of each line) by the line isolation monitor circuit is
br mechanical means, if feasible, to obtain the maximum reading.

igher of the two readings available for each line L, and L, is to be employed
vith the requirenients of this section.

5 superimposed on the current wave-form are not prohibited from being disrg
content'does not exceed 0.3 micro-joules per second.

ndicators and
connected, in
lied initially is
gradually to a

nnected fault

lisconnected.

5t specified in
line.

e), its minute

nected which

0 be stopped

in evaluating

garded when

18.9 When the sampling by the Tine isolation monitor can be stopped, either by electrical or mechanical
means, and the maximum distortion from a pure sine wave is not greater than 10 percent, including
transient spikes, a test meter is not prohibited from being used to measure the leakage current. The meter
used to measure the leakage current is to be an average responding alternating-current milliammeter,

which:

a) Ind

icates the root mean square (RMS) value of a pure sine wave;

b) Has an error of not greater than 5 percent;

c) An

input impedance of not more than 1500 ohms; and

d) Is shunted by a capacitance of 0.15 microfarad (uF).
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18.10 When the sampling by the line isolation monitor cannot be stopped to obtain a direct meter
reading, or when the maximum distortion from a pure sine wave is greater than 10 percent, except for a
square wave-type waveform (see 18.11), a precision resistor (R) of not more than 100 ohms is to be
employed in conjunction with a peak-reading, alternating-current memory voltmeter or an oscilloscope

calibrated in millivolts (mV). The value of the leakage current (I) is then to be calculated by the equation:

1=0 7O7V
"R
in which:
V is the l’ll'ylllcl of-the—two IJGCM"\ lcau’l.uyo meastred—from—the I“ll‘yl’lcol‘ pu:lut orn—the waveform,
including any transients.
18.11 When a square-type waveform is obtained, the oscilloscope measurement IS to e employed.

However, the

in which:

I, V, apd R are as defined by 18.10.

18.12 Whe
being shunteId

leakage current is to be calculated as follows:

an oscilloscope is used as specified inx18.10, the 100-ohm resistor is not pr:

bhibited from

by a 5-ohm resistor in series withta 1.5-uF capacitor to eliminate extrapeous higher
frequencies i the test measurements.
19 Overvoltage and Undervoltage Test
19.1 Voltage operation
19.1.1 Aling isolation monitar'and associated remote indicating units shall withstand 110 gercent of the

test voltage s
operate sucd
measuremen
Section 18, e

19.1.2 Ford

pecified by 14(3,)continuously without injury during the normal standby condit
essfully for._nhormal signaling performance at the increased voltage. Lea
s shall comply with the requirements specified in the Leakage Current Measur
cept that/a 10 percent change from the readings measured at rated voltage is

peration at the higher voltage the monitor is subjected to the increased voltage

on and shall
age current
ements Test,
acceptable.

n the normal

standby condition for at least 16 hours and then tested for normal signaling performance and leakage
current measurements.

19.2 Undervoltage operation

19.2.1 A line isolation monitor shall operate successfully for its normal signaling performance while
energized from a supply of 85 percent of the test voltage specified by 14.3. Leakage current
measurements shall comply with the requirements specified in the Leakage Current Measurements Test,
except that a £15 percent proportional change from the readings measured at rated voltage is permitted.
During this test, the test switch shall comply with the requirements of 15.6.

19.2.2 For operation at the reduced voltage the line isolation monitor is energized from a rated source of
voltage following which the voltage is reduced to 85 percent of rating and then tested for normal signaling
performance and leakage current measurements.
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20 Jarring Test

20.1 A line isolation monitor and remote indicating devices shall be capable of withstanding jarring
resulting from impact and vibration such as that experienced in service, without causing signaling
operation of any part and without affecting adversely its subsequent normal operation.

20.2 The monitor and associated equipment, if any, are to be mounted in a position of intended use to
the center of a 6- by 4-foot (1.8 by 1.2 m), 3/4-inch (19.1-mm) thick plywood board which is secured in
place at four corners. One 3 foot-pound (4.2 J) impact is to be applied to the center of the reverse side of
this board by means of a 1.18 pound (0.534 kg), 2-inch (50.8-mm) diameter steel sphere swung through a
pendulum arc, from a sufficient height (h) of 30.5 inches (775 mm) to apply the 3 foot-pound (4.2 J) impact.
See Test methad (1) in Figure 20.1

20.3 The effects of jarring are to be determined by supporting the monitor in the position ¢f its intended
use, and conducting the jarring while the unit is in the normal standby condition and_connectgd to a source
of supply in|accordance with 14.3. Following the jarring the unit is to be tested/for normal signaling
performance

Figure 20.1

Jarring test

Steel Sphere

2 20
7 R __
7 e " | f
- -7 |
: e N — -~ i | h
A |
- Product Under Test | l
- ]
7 \_/(
Z TTTTTTTTTTTTT77777
(1) (2)
Test Method For Unit Test Method For Unit
Intended to be Mounted Intended to be Mounted
Vertically Horizontally
IP110

21 Temperature Test

21.1  The materials or components employed in a line isolation monitor shall not be affected adversely by
the temperatures attained under any condition of normal operation. A material or component is considered
as being adversely affected when it is subject to a temperature rise greater than that indicated in Table
21.1.
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21.2 To determine compliance with this test, a monitor and related devices are to be connected to a

source of sup

ply in accordance with 14.3 and operated under the following conditions:

a) NORMAL STANDBY - (16 hours) Constant temperatures.

b) ALARM — (1 hour) Audible signal operating.

c) ALARM — (7 hours) Audible signal silenced.

21.3 All values for temperature rises apply to equipment intended for use with ambient temperatures
ailing which usually are not higher than 25°C (77°F).

normally prev

21.4 When

more than 25

allowable te
between that

21.5 Tempe
unit installed
on the top, si(

21.6 Atemy
5-minute inte

21.7 Excep
method of n
measuremen
thermocouple
employed.

21.8 When
employ therm
potentiomete
measuremen

ratu
C (77°F), the test of the equipment is made with such higher ambient tempera
perature rises specified in Table 21.1 are to be reduced by the amount of t
higher ambient temperature and 25°C (77°F).

rature measurements on equipment intended for recessed mounting are to be n

e constantly
ture, and the
ne difference

hade with the

n an enclosure of nominal 3/4 inch (19 mm) wood having clearances of 2 inchg¢s (50.8 mm)

es, and rear, and the front extended to be flush with the maeniter cover.

erature is considered to be constant when three successive readings, taken at
vals, indicate no change.

t at coils, temperatures are to be measured by means of thermocouples. T
neasuring the temperature of a coil iscthe thermocouple method, but a
by either the thermocouple or resistance method is acceptable, excs
method is not to be employed atcany point where supplementary thermal

thermocouples are used.in;the determination of temperatures it is standar

not less than

he preferred
temperature
bpt that the
insulation is

] practice to

ocouples consisting of No;24 — 30 AWG (0.21 — 0.06 mm?) iron and constantaf wires and a

-type indicating instrument. Such equipment will be used whenever referee
s by thermocouples-are required.

temperature

21.9 The thermocouple wire-is to conform with the requirements for "special" thermocouplgs as listed in
the Initial Caljbration Tolerances for Thermocouples table in Temperature Measurement Thermocouples,
ANSI/ISA MJ96.1.
Table 21.1
Maximum temperature rises
Device or material °C (°F)
1. Any point on rectifiers:
a) Copper oxide 30 54
b) Germanium 50 90
c) Magnesium-copper sulphide 95 171
d) Selenium 50 90
e) Silicon 75 135
2. Rubber or thermoplastic insulation 35° 63°

Table 21.1 Continued on Next Page
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Table 21.1 Continued

Device or material °C (°F)
3. Varnished cloth insulation 60 108
4. Fuses 65 117
5. Surfaces adjacent to or upon which the unit may be mounted in service 65 117
6. Wood or other combustible material 65 117
7. Fiber used as electrical insulation 65 117
8. Class A (Class 105) insulation 65° 117°
9. Class B (Class 130) insulation 85° 153°
10. Phenolic compasition used as electrical insulation 125 225
11. Capacitors| 40 72
12. Solid-Statg devices (transistors, silicon-controlled rectifiers, and the like.) See ¢l
13. Wirewound resistor 1605 302°
14. Carbon redistor 50° 122°
15. Sealing conpound 15°C (27°F) less tlfjan the melting

point

2 This limitatiof
temperature.

® These are lin
©10°C (18°F) K

4 The tempera
temperature of
the complete U
shall be consid
normal standb
may be operat

does not apply to an insulated conductor, or a material which has been investigated and accepted f

iting temperatures, not temperature rises.
igher on coil insulation when measured by the resistance method.

ure of a solid-state device shall not exceed 50 percent of jts rating during the normal standby conditi
a solid-state device shall not exceed 75 percent of its rated.temperature under any other condition g
nit which produces the maximum temperature dissipatioh’of its components. For reference purposes
lered as 0 percent. For integrated circuits the loading.factor shall not exceed 50 percent of its rating |

condition and 75 percent under any condition ofteperation. Both solid-state components and integr:
ed up to the maximum ratings under any one'ofthe following conditions.

br a higher

bn. The

f operation of
0°C (32°F)
nder the

ated circuits

1. All pomponents comply with the Mil-Spec requirements of Mil-Std. 883C.
2. Allcomponents are screened through @n‘acceptable quality control program established by the manufafturer.
3. Eagh assembled unit is subjected to'a burn-in test for 24 hours while connected to a source of supply injaccordance
with 4.3 in an ambient of 49°C\(120°F), followed by operational test.
21.10 The temperature of ‘@ copper coil winding is determined by the resistance method py comparing
the resistange of the, winding at the temperature to be determined with the resistancqd at a known
temperature py means,of the equation:
R
IT'=—(2345+¢)—2345
r
in which:

T is the temperature to be determined in degrees C;

t is the known temperature in degrees C;

R is the resistance in ohms at the temperature to be determined; and

ris the resistance in ohms at the known temperature.

21.11

As it is generally necessary to de-energize the winding before measuring R, the value of R at

shutdown can be determined by taking several resistance measurements at short intervals, beginning as
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quickly as possible after the instant of shutdown. A curve of the resistance values and the
plotted and extrapolated to give the value of R shutdown.

21.12 The monitor is to be subjected to the Dielectric Voltage-Withstand Test, Section 28,
above test.

22 Overload Test
22.1

Monitor

2211
manner after peir

established initially with the monitor connected to a source of supply in accordance with 14
which the volfage is to be raised to 115 percent of rating.

22.1.3 For direct-current signaling circuits, an equivalent inductive test load is to have the re
current resisfance for the test current and the inductance (calibrated) to obtain a power
percent wher| connected to a 60-hertz (Hz), alternating-current potential equal to the rated

test voltage. When the inductive load has both theirequired direct-current resistance and
inductance, the current measured with the load .connected to an alternating-current circuit wi
0.6 times the current measured with the load,connected to a direct-current circuit when the vo
circuit is the same.

22.2 Separately energized circuits

22.2.1 Separately energized(circuits of a line isolation monitor, such as dry contacts, sha
intended aftef being subjected to 50 cycles of signal operation at a rate of not more than
minute while [connected 4oy'a source of supply in accordance with 14.3. There shall be ng
mechanical malfunction©f the switching circuit.

22.2.2 During thetest described in 22.2.1, the output circuits that do not receive energy fron

time can be

following the

Aline |solat|on mon|tor and connected |nd|cat|ng units shall be capable of operatmg in its intended
9 6 cycles per

14)8. Each cycle
n of a ground

re energized
nall be those
nployed for a
ads are to be
.3, following

uired direct-
factor of 60
direct current
the required
| be equal to
Itage of each

Il operate as
6 cycles per
electrical or

n the monitor
connected to

are to be connected to test loads set at 150 percent of rated current at 0.6 power factor, while

a separate power source of supply in accordance with 14.3.
23 Endurance Test
231

Monitor

23.1.1 Aline isolation monitor shall operate as intended following 30,000 cycles of alarm sig

nal operation

at a rate of not more than 10 cycles per minute while connected to a source of supply circuit in accordance
with 14.3, and with related devices or equivalent loads connected to the output circuits. There shall be no
electrical or mechanical malfunction of the monitor or its components.
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23.2 Devices and separately energized circuits

23.2.1 An operating device, such as test switch, relay, or the like, supplied as part of a line isolation
monitor, shall operate as intended following 30,000 cycles of operation at a rate of not more than 10 cycles
per minute. When an electrical load is involved, the contacts of the device shall be caused to make and
break the normal load current at a test voltage in accordance with 14.3. The load is to represent the load
that the device is intended to control. The test is not prohibited from being conducted in conjunction with
the endurance test of the monitor (see 23.1.1). There shall be no electrical or mechanical malfunction of

the device.

24 Variable Ambient Temperature Test

241 Aline

ambient air gt any temperature over the range from 49°C (120°F) to 10°C (50°F).

24.2 Leakd
condition in
impedance ¢

243 Thep
connected tg
temperature
Normal Oper

isolation monitor and related indicators shall operate as intended with the tefmp

ge current measurements are to be recorded before and during exposure to
accordance with the Leakage Current Measurements Test, Section 18, emplg
pnfigurations that resulted in the maximum and minimum leakage currents.

roduct is to be operated in an ambient temperature of 75°C (167°F) for at least
a source of rated voltage and frequency. Following,this preconditioning period
is to be reduced to 50°C (122°F), and the unit shall comply with the requirg
ation Test, Section 15, and the Leakage Current:Measurement Test, Section 18.

244 The

equilibrium has been reached, and the unit is then to be-tested for intended operation while ¢
source of rated voltage and frequency.

24.5 Each ynit shall operate as intended in.each ambient. The leakage currents measured

in each am
Measuremer

25 Humidi
251 A line

accordance
85 5 perce

monitor in th¢ humid.atmosphere.

roduct then is to be operated in an ambient temperature of 10° C (50° F)

ient temperature shall be in-compliance with the requirements of the Lea
t Test, Section 18.

y Test

isolation moniter shall operate as intended while energized from a source
vith 14.3, afidiafter having been exposed for 24 hours to moist air having a relati
nt at a tetmperature of 30 +2°C (86 +3°F). The performance is to be determ

erature of the

pach ambient
ying the fault

D0 days while
, the ambient
ments of the

until thermal
pnnected to a

with the units
kage Current

of supply in
be humidity of
ined with the

25.2 Leaka

ge current measurements are to be recorded before and rluring exposure t

the humidity

condition in accordance with the Leakage Current Measurements Test, Section 18, employing the fault
impedance configuration that resulted in the maximum and minimum leakage currents. The leakage
current measured with the unit in the humid atmosphere shall comply with the requirements of Section 18.

26 Electric Shock Current Test

26.1  When the open circuit potential between any part that is exposed only during operator servicing and
either earth ground or any other exposed accessible part exceeds 42.4 volts peak, the part shall comply
with the requirements of 26.2 — 26.4, as applicable.

26.2 The continuous current flow through a 500-ohm resistor shall not exceed the values specified in
Table 26.1 when the resistor is connected between any part that is exposed only during operator servicing
and either earth ground or any other exposed accessible part.
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Table 26.1
Maximum current during operator servicing
Maximum acceptable current through a 500-ohm resistor,
Frequency, hertz? milliamperes peak
0-100 71
500 9.4
1000 11.0
2000 14.1
3000 17.3
4000 19.6
YUUU .U
6000 251
7000 or more 27.5
& Linear interpolation between adjacent values may be used to determine the maximum acceptable current Correspgnding to
frequencies noflshown. The table applies to repetitive nonsinusoidal or sinusoidal waveforms.

exceed 809 npilliamperes, regardless of duration; and the duration of the'transient current shdll not exceed

26.3 The t:-Insient current flowing through a 500-ohm resistor connected\as described in 26.2 shall not
the value detg¢rmined by the following equation:

T<

203 1.43
I

in which:

T is the interval, in seconds, between~the time that the instantaneous value of thg current first
exceells 7.1 milliamperes and the time-that the current falls below 7.1 milliamperes for the last time
and

| is thg peak current in milliamperes.

The interval petween occurreneces shall be equal to or greater than 60 seconds when the current is
repetitive. Typical calculated values of maximum acceptable transient current duration are sHown in Table
26.2.

26.4 The mpximum' capacitance between the terminals of a capacitor that is accessible dufing operator
servicing shall comply with the following equations:

- 88,400
E'"*(In E—1.26)

for 42.4 < E <400

C=135288E 3% for400 < E <1000

in which:
C is the maximum capacitance of the capacitor in microfarads and

E is the potential in volts across the capacitor prior to discharge. E is to be measured 5 seconds
after the capacitor terminals are made accessible, such as by the removal or opening of an
interlocked cover, or the like.
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