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INTRODUCTION
1 Scope

1.1 These requirements cover isolated power systems equipment rated 600 Vac or less, intended for
installation and use in nonhazardous areas in health care facilities in accordance with the requirements in
Article 517 of the National Electrical Code, NFPA 70, and in the Standard for Health Care Facilities, NFPA
99.

1.2 These requirements cover isolated power centers, either cord-connected or permanently wired,
consisting of a distribution panel that incorporates an isolation transformer, one or more isolated

, a reference

ungrounded
grounding bu
grounding ¢
grounding pq
remote rece

1.3 These
power supply

nr\nnrlgr\/ circuits terminatina-in. |nfnnr9|l\l mounted-arounding h/nn rnr\nnfnr\ln
J J J g I

s barr, and line isolation monitor. Isolated power centers may have provision.for
bnductors to remote grounding jacks, the room bonding points, and(patie
ints. A permanently wired isolated power center may also have provision for
tacles or indicators.

requirements cover convertible system units that facilitate a temporary cony
for a power center from a grounded supply to an isolated supply.

connection of
ht equipment
connection to

ersion of the

1.4 These|requirements cover isolated power panelboards that incorporate the same features as
permanently|wired isolated power centers except that:
a) They may be supplied from remote isolation transfosmers, and
b) The secondary isolated circuits are intendedto be connected by conduit to remotely located
receptacles.

1.5 These fequirements cover wall modular units containing isolated power systems.

1.6 These
ray equipme

2 Glossary

2.1 Forthe

2.2 CONVE

line isolation
power supply

equirements cover cord-connected isolated power centers, and panels intende
nt only.

purpose of this standard the following definitions apply.

RTIBLE-SYSTEM UNIT — An enclosed assembly incorporating an isolation trg
menitor with interconnecting cord assemblies that facilitate temporary cony

d to supply x-

nsformer and
ersion of the
ended for use

fara power center from a grounded supply to an isolated supply. The unit is int

only with the

specific power centers for which it has been designed.

2.3 FIELD-WIRING TERMINAL — A terminal to which a supply or other wire can be connected by an
installer in the field is a field-wiring terminal unless a lead is provided as part of a pressure terminal
connector, or other means for making the connection is factory-assembled to the wire.

2.4 LINE ISOLATION MONITOR — A test instrument designed to continually check the balanced and
unbalanced impedance from each line of an isolated circuit to ground and equipped with a built-in test
circuit to actuate an alarm without adding to the leakage current.

2.5 MOMENTARY RATING — A rating based on an operating interval that does not exceed 5 s.
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2.6 PATIENT EQUIPMENT GROUNDING POINT — A jack or terminal bus that serves as the collection
point for redundant grounding of electric appliances serving a patient vicinity or for grounding other items
in order to eliminate electromagnetic interference problems.

2.7 REFERENCE GROUNDING POINT — A terminal bus that is an extension of the equipment
grounding bus and is a convenient collection point for grounding all electric appliances, equipment, and
exposed conductive surfaces in a patient vicinity.

2.8 ROOM BONDING POINT — A grounding terminal bus that serves as the collection point for
grounding exposed metal or conductive building surfaces in a room.

29 WALL

aining various

combinations ike for use in,
within, or as [part of health-care facilities. Only units containing isolated power systems/equipment are
covered by this standard. Grounded power circuits that are physically segregated and separgted may also
be included.

3 General

3.1 Compophents

3.1.1 Exceqt as indicated in 3.1.2, a component of a product ¢overed by this standard shall comply with
the requirements for that component. See Appendix A forya list of standards covering [components

generally use

d in the products covered by this standard.

3.1.2 A component is not required to comply with a specific requirement that:
a) Invplves a feature or characteristic not required in the application of the comgonent in the
produg¢t covered by this standard, or
b) Is spperseded by a requirement.in this standard.
3.1.3 A conponent shall be used.in-accordance with its rating established for the intended [conditions of
use.
3.1.4 Spedfic components are incomplete in construction features or restricted in |performance
capabilities. Buch componhents are intended for use only under limited conditions, such as certain
temperatures|not exceeding specified limits, and shall be used only under those specific condjtions.
3.2 Units of measurement
3.2.1 Values stated without parentheses are the requirement. Values in parentheses are explanatory or

approximate i

nformation.

3.3 Undated reference

3.3.1

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

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

4.1 Isolated power systems equipment shall employ materials throughout that are acceptable for the
application, and shall be made and finished with the degree of uniformity and grade of workmanship
practicable in a well-equipped factory.

4.2 A convertible system unit shall be designed to convert a specific power center from a grounded
supply to an isolated supply. The specific power center shall consist of overcurrent protection devices,
receptacles, grounding jacks and components other than the transformer and line isolation monitor that

have been

the distributi
interrupted b

4.3 An end
sharp to cau

4.4 Equipm
to which it m

aviouslhs permanenths installed Alsa the arcaundina conductor from-the aroun
J J * J J J

bn panel or modular wall section shall remain continuous and so arranged
y the converting procedure.

losure, an opening, a frame, a guard, a knob, a handle, or the likeyshall not
be a risk of injury in normal maintenance or use.

ent shall be formed so that it will have the strength and rigidity’necessary to res
Ay be subjected, without increasing the risk of fire, electricyshock, or injury to p

total or partial collapse with resulting reduction of spacings, loosening or displacement of

serious defe
5 Enclosu

5.1 Theen
for Electrical

Exception: A

5.2 Anenc
detached wi
normal fun
operation of

ts.
e

closure of isolated power systems equipment shall comply with the Standard fi
Equipment, UL 50.

h enclosure may be ventilated injaccordance with Ventilation, Section 6.

osure cover or door shall be hinged, sliding, or similarly attached so that it can
out the use of a toal, if it gives access to a fuse or any other overload-protect

cFoning of which reguires renewal, or if it is necessary to open the cover ¢

he device.

6 Ventilation

6.1 A venti
metal will bg

atingcopening in an enclosure shall be constructed and located so that no fla

ded supply to
that it is not

be sufficiently

st the abuses
ersons due to
barts or other

br Enclosures

not be wholly
ve device the
uring normal

me or molten

emitted during the arcing encountered during the operation of fuses, switcrres, or circuit

breakers.

6.2 Unless the opening is remote from the arcing part, the requirement in 6.1 necessitates the
interposing of a noncombustible barrier between a ventilating opening and a possible source of arcing
such as a switch, fuse, and the like.

6.3 The barrier shall be of such dimensions and located so that straight lines drawn from any arcing part
past the edge of the barrier will define an area at the plane of the opening 1/4 in (6.4 mm) beyond the
edges of the opening.

6.4 A sheet-steel barrier shall not be less than 0.053 in (1.35 mm) thick if uncoated and not less than
0.056 in (1.42 mm) thick if galvanized.
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Exception: A steel barrier may be of lesser thickness provided its strength and rigidity is not less than that
of a flat sheet of steel of the specified thickness having the same dimensions as the barrier.

6.5 The thickness of a nonmetallic barrier may be less than 1/4 in (6.4 mm) if the barrier is located so that
it will not be subject to mechanical abuse during installation and is located and supported so that it will
have the necessary mechanical strength and rigidity.

6.6 A ventilating opening in an enclosure shall have such size or shape, or shall be covered by screening
or by an expanded, perforated, or louvered metal panel so that a test rod of the diameter specified in 6.7

will not enter the opening.

6.7 Thetes

less than 4 in
the opening is

6.8 The siz
overall enclog

6.9 The are

6.10 The w
(1.3 mm?) if t
larger screen
supplementa

6.11
0.042 in (1.0
perforations 4
0.084 in (2.13

Exception: W
live parts an
minimum vall
mesh not less
used.

6.12 A grill
been found tg

Perforated sheet steel and sheet steel employed for expanded-metal mesh shall not

(102 mm) from an uninsulated live part, or 49/64 inch (19.4 mm) in diameter"i
4 in or more from such part.

2, shape, and location of a screened opening shall be such as ndt«to unduly
ure.

h of a ventilating opening in an enclosure shall not exceed 80Nn?.

res of a screen required to protect a ventilating opening shall not be smaller t
he screen openings are 1/2 in? or less in area, and not smaller than 12 AWG

openings. A supplementary screen of smaller epehings may be additionally p
[y screen is not to be considered in the evaluation of the ventilating opening scre

7 mm) thick if uncoated, or 0.045n*(1.14 mm) if galvanized if the mesh
re 1/2 in? or less in area, and shall\fiot be less than 0.080 in (2.03 mm) thick if
mm) thick if galvanized for larget_openings.

here the indentation of a-guard or enclosure cannot alter the clearance betwee
' grounded metal so .as’to affect performance adversely or reduce spacing
es given in Table 20:1, perforated sheet steel and sheet steel employed as exp
b than 0.020 in (0.51°mm) thick if uncoated, or if galvanized 0.023 in (0.58 mm)

construetion complying with the intent of the requirements in 6.11 may be accs
be suitable for the particular application.

6.13 The lemg

rod-mentioned-in-6-6-shallbe-33/64-inch (1 3.2 mm) n-diameter if the pl:\nn ofthe opening is

the plane of

weaken the

han 16 AWG
3.3 mm?) for
rovided. The
en.

be less than
openings or
uncoated, or

0 uninsulated
Is below the
anded metal-
thick may be

pted if it has

6.14 A separate louvered panel that is riveted or welded in place over a ventilating opening in the
enclosure may be of not less than 0.032 in (0.81 mm) thick if uncoated and not less than 0.034 in (0.86
mm) thick if galvanized sheet steel.

6.15 A ventilating opening in the top of the enclosure shall be covered by a hood or protective shield
spaced above the opening to prevent the entry of foreign material.

7 Connections for Wiring Systems

7.1  Knockouts provided in the enclosure shall be of the proper size; and shall be so located that the
installation of bushings will not result in spacings between live parts and bushings of less than the
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minimum requirements specified in Table 20.1. At least two of the knockouts shall be sized to
accommodate the largest size wiring which could be used in the installation of the panel.

8 Corrosion Protection

8.1 Iron and steel parts shall be suitably protected against corrosion by enameling, galvanizing,
sherardizing, plating or other equivalent means.

8.2 The requirement of 8.1 applies to all enclosing cases whether of sheet steel or cast iron, and to all
springs and other parts upon which proper mechanical operation may depend. It does not apply to
bearings, laminations, and the like, if the failure of such unprotected parts would not be likely to result in a

hazardous ¢

of stainless

steel of the t
require addit
ensure again

9 Bases -

9.1 A base

ondition-or-in the sauinment's oneration beina affected adverselvy Parts mad
e Rkl o 1 pA

J
pe having inherent resistance to corrosion (properly polished or treated, if n&cs
onal protection against corrosion. Bearing surfaces should be of such materials
st binding due to corrosion.

nsulating Material

for mounting uninsulated live parts shall be strong, not easilyignited, moisture

insulating. The base shall be of such material that it will withstand the(most severe conditio

met in servic

9.2 Ordina
the mounting

9.3 Insulat
subject to th
application.

9.4 A live

a)
= .

y fiber, rubber, and so-called hot-molded shellac:and tar compositions are not §
of uninsulated live metal.

ng material including barriers betweenparts of opposite polarity and materia
b influence of the arc formed by the 6pening of contacts shall be suitable for

crew head or nut on the underside of an insulating base shall be reliably pr

loosening a
accomplishe

a)C
with
highe
case;

b) R
barri

d shall be adequately~insulated or spaced from the mounting surface.
by:

ntersinking such parts not less than 1/8 inch (3.2 mm) in the clear and then g
waterproof, insulating sealing compound that does not soften at a temperaturg
than its narmal operating temperature in the device, and not less than 90°C (

or

liably~securing such parts and insulating them from the mounting surface by
r.of the equivalent, or by means of through-air or over-surface spacings not

ssary) do not
and design to

tresistant and
ns likely to be

cceptable for

that may be
the particular

evented from
This may be

overing them
e 15°C (27°F)
194°F) in any

means of a
less than the

mininum vatues specifiedm Tabte 20-1-

9.5 With reference to 9.4, a lock washer, properly applied, is acceptable as a means of preventing the
loosening of a screw or nut.

9.6 With reference to 9.4(a), determination of the softening point of a sealing compound is to be made in
accordance with the American Society for Testing and Materials Standard Test for Softening Point by Ring
and Ball Apparatus, ASTM E28-1967.

10 Mounting of Parts

10.1

All parts shall be securely mounted in position and prevented from loosening or turning if such

motion may affect adversely the normal performance of the equipment, or may increase the risk of fire,
shock, and injury to persons incident to the operation of the equipment.
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10.2 Uninsulated live metal parts shall be secured to their supporting surfaces so that they will be
prevented from turning or shifting in position if such motion may result in a reduction of spacings to less
than those indicated in Table 20.1. The security of contact assemblies shall be such as to ensure the
continued alignment of contacts. See also 13.9.

10.3 With reference to 10.1 and 10.2, friction between surfaces is not acceptable as a means to prevent
turning, loosening, or shifting of a part; but a suitable lock washer, properly applied, may be accepted.

10.4 The wiring of an electrical component mounted on a door or hinged cover shall be factory installed
using suitable pressure wire connectors, at each end, that comply with the Standard for Wire Connectors,
UL 486A-486B. There shall be no provision for connection of field wiring.

Exception Nd 1: Quick-connect terminals may be used for signal lights, buzzers or switches, if clamps or
the equivalenf are provided where necessary to prevent stress on the terminations.

Exception NqQ. 2: Provision may be made for field-installation of clocks, timer$;.or lighting fixtures by
means of plugs and receptacles.

10.5 Wires ¢onnected to a component mounted on a door or hinged coyer.shall:
a) Not|be larger than 12 AWG (3.3 mm?),
b) Be stranded,
c) Have at least 1/32 in (0.79 mm) thick insulation, and

d) Be|cabled or routed so as to avoid being damaged during opening and closing df the door or
hinged cover.

Exception No| 1: A bundle or cable of not more’than 12 wires, in addition to the bonding wire |mentioned in
10.6, may comtain 10 AWG (5.3 mm?) wires!

Exception Nd 2: A bundle or cable -of hot more than 4 wires, in addition to the bonding wire mentioned in
10.6, may comtain 10 AWG wires:

10.6 A doof or hinged cever on which electrical components are mounted shall be bonded to the box
with a wire ndt smaller thab*10 AWG (5.3 mm?).

10.7 Electrigal parts of a component mounted on a cover shall be located or enclosed softhat with the
cover open, persons are protected against unintentional contact with uninsulated live parts.

Exception: Live parts may be accessible if the voltage involved is 42.4 V peak or less or if the available
current measured through a 1500 Q noninductive resistor is 0.5 mA or less.

10.8 Not more than six receptacles and six grounding jacks shall be mounted on a single cover of a
remote assembly.

10.9 Receptacles and grounding jacks mounted on a cover of a remote assembly shall be factory wired
to pressure wire terminals in the remote assembly box.

Exception No. 1: Factory wiring is not required if:
a) Not more than six devices (receptacles, grounding jacks and signal lights) are provided,

b) The field installed wires do not exceed six 12 AWG (3.3 mm?) plus one grounding conductor,
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c) It is not necessary to remove the devices from the cover in order to do the wiring, and

d) The assembly is not intended for wiring other than that associated with the receptacles and
jacks.

Exception No. 2: A single grounding wire may be field wired if no reference grounding bus is provided in

the remote a

ssembly box.

10.10 Factory wiring of receptacles and grounding jacks mounted on a cover of a remote assembly shall
be stranded and shall have at least 1/32-in (0.79-mm) thick insulation.

10.11 The
the cover aft
mounted in t

the cover are

10.12 The

support durir

This may be

from the lower box cover screws, or the equivalent.

10.13

10.14 The

a)Th

b) Al

conngctions as required, to the transformer to be made; and

c) All

10.15 A pqg
providing:

a) Th
be us

b) Th

If pafts are held together by screws, a metal threaded part.shall have no fewer than t
cut threads ¢
and the first f

not forced against such parts after the cover is reinstalled.

cover of a remote assembly that is intended to be field wired shall have suitable
g field wiring so that the cover assembly does not hang completely on the con
accomplished by the use of hinges, by instructions and design to permit hang

ngaged. If the screw does not extend all the way through a threaded part, the
ull thread are to be disregarded in a determination of the number of threads eng

ransformer may be shipped separately from the equipment providing:
b equipment is marked to identify the.transformer and the location where it is to 4

wiring in the equipment is “provided necessitating only the line, load a

hecessary mounting hardware is provided on the equipment.

wer center interior)or a panelboard interior may be shipped separately from

b enclosure; interior, and transformer when required, are marked to indicate un
ed together;

b 'eduipment is marked with instructions for proper field-installation and wiring;

Er wiring is completed W|thout forcing conductors against parts mounted onthé
ne box such as wire terminating means shall be located so that wires connecte

installation of
cover. Parts
d to parts on

means for its
nected wires.
ing the cover

o full, clean-
taper or lead
hged.

e mounted;

nd grounding

its enclosure

its that are to

c) The interior is capable of being installed without removing or displacing enclosure parts other
than a cover;

d) All

wiring is provided necessitating field connections only:
1) To line, load, and ground,
2) Between transformer primary and the main switch or circuit breaker, when p
3) Between transformer secondary and interior,

4) Between the reference ground bus and the enclosure, and

rovided,

5) Between the transformer core and the reference ground bus of the enclosure;
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e) All necessary mounting hardware is provided on the equipment;

f) The necessary wiring connections and routing of wiring complies with the requirements in
Separation of Circuits, Section 18; and

g) All wiring has been precabled so as to reduce the likelihood of damage, and strain relief is
provided to prevent stress from being transmitted to the wiring connections.

1"

11.1

Current-

Carrying Parts

shall be of metal that is acceptable for the application.

A current-carrying part shall have mechanical strength and ampacity necessary for the service, and

12 PermanLntIy Connected Equipment

121 Permg
of a wiring sy

Exception: Pg

hently-connected isolated power systems equipment shall have provision for th
stem.

rmanently connected equipment may be acceptable withoutprovision for the co

wiring system if instructions indicating the locations that are intended\to be drilled in the

connection of

raceways are included with the equipment.

13 Field-Wiring Terminals and Leads

13.1
connection of
having an am

13.2  With n
rating shall bg

a) The

Permanently connected equipment shall be provided with wiring terminals or I

all field-installed conductors. Wiring terminals shall be acceptable for use wit
pacity not less than the ampere rating of the equipment.

eference to 13.1, sizes of field<installed conductors corresponding to a speg
determined according to Table 13.1, based on the following:

use of:
1) Wire rated 75°G(167°F) for 1/0 AWG (53.5 mm?) and larger.

2) Wire rated 60°C (140°F) for 1 AWG (42.4 mm?) and smaller, except 75°C (
the equipment is marked for use with 75°C wire in accordance with 39.28.

b) The use_of-aluminum wire at any terminal indicated on a wiring diagram or the

accep

able for use with such wire, whether or not that terminal is also indicat

e connection

nnection of a

field for the

bads for the

h conductors

ific ampacity

67°F) wire if

ike as being
ed as being

accep

able for use with copper wire. See 39.10 — 39.19.

13.3 A wiring terminal shall be capable of holding the next larger size conductor than that required by
13.1 if the terminal will properly receive the larger size conductor, unless the equipment is marked to
restrict its use to the smaller size conductor.

13.4 Pressure wire connectors shall be employed for 8 AWG (8.4 mm?) and larger conductors. For 10
AWG (5.3 mm?) and smaller wires, the parts to which wiring connections are made may consist of binding
screws with terminal plates having upturned lugs or the equivalent to hold the wires in position.
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Table 13.1
Ampacity of insulated conductors
Ampacity
Wire size 60°C (140°F) 75°C (167°F)
AWG or kcmil (mm?) Copper Aluminum Copper Aluminum
14 (2.1) 15 - 15 -
12 (3.3) 20 15 20 15
10 (5.3) 30 25 30 25
8 (8.4) 40 30 50 40
6 1373) 55 740 65 50
4 (21.2) 70 55 85 65
3 (26.7) 85 65 100 75
2 (33.6) 95 75 115 90
1 (42.4) 110 85 130 100
1/0 (53.5) - - 150 120
2/0 (67.4) - - 175 135
3/0 (85.0) - - 200 155
4/0 (107.2) - - 230 180
250 (127) - - 255 205
300 (152) - = 285 230
NOTE - Thesq values of ampacity apply only where a maximum of'three current-carrying conductors are to be field installed in a
single conduit.|When four or more conductors other than a grounding conductor or a neutral that carries the unbalapced current
are to be installed in a conduit, the ampacity of each of these conductors is to be reduced as shown in the following|table. These
reduced value$ do not apply to internal wiring unless it is enclosed in conduit.
Number of conductors Percent of value in table
4-6 80
7-24 70
25-42 60
43 or more 50
13.5 If a wire-binding screw is employed the screw shall not be smaller than No. 10.
Exception: A|No. 8.6r 6 screw may be used for the connection of a 14 AWG (2.1 mm?) or sinaller remote

indicator or @

ontrol~Circuit conductor.

13.6 A wire-binding screw shall thread into metal, and shall not have less than two full threads.

13.7 A terminal plate tapped for a wire-binding screw shall be of metal not less than 0.050 in (1.27 mm)

thick.

Exception No. 1: A plate not less than 0.030 in (0.76 mm) thick is acceptable if the metal is extruded at the

tapped hole so as to provide two full threads.

Exception No. 2: Other constructions may be employed if they provided equivalent strength of the terminal
plate and thread security of the wire-binding screw.

13.8 Terminals or leads to which isolated output conductors will be field connected shall be color-coded

as follows:
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Orange — Isolated Conductor No. 1, with a distinctive colored stripe other than white, green, or
gray,

Brown — Isolated Conductor No. 2, with a distinctive colored stripe other than white, green, or gray,
and

Yellow — Isolated Conductor No. 3 (three-phase system only), with a distinctive colored stripe other
than white, green, or gray.

Exception: The terminals need not be color-coded if a wiring diagram or other marking, located near the
terminals, is provided to clearly indicate the proper connections.

13.9 A wirirlg terminal including a pressure wire connector shall be prevented by a restrai
shoulder or Hoss— a lock washer alone is not acceptable for this purpose) from turning’so
spacings to values less than those specified in Table 20.1.

ht (such as a
as to reduce

Exception: ans to prevent turning need not be provided if spacings are not\ess than the minimum

acceptable values:

a) When the lug or connector and any lug or connector of opposite“polarity have eacH been turned

30 degrees from their normal position toward the other, and

b) The
towarq

13.10 Apre
the requirems

13.11  The
manufacturer
than 90 perc
Standard for
equipment. S

Exception: TH
with the lesse

lug or connector has been turned 30 degrees toward other opposite-polarity ||
| grounded noncurrent-carrying parts.

Ssure wire connector provided with or specified for use with the equipment shal
nts in the Standard for Wire Connectors, UL 486A-486B.

tightening torque for a field-wiring terminal shall be as specified by th
and shall be marked as required_by 39.26. The specified tightening torque sha
ent of the value employed inthe static heating test as specified in the requirg
ire Connectors, UL 486A-486B, for that wire size corresponding to the ampersg
e 33.1.

e torque value may be less than 90 percent if the connector is investigated ir
r assigned torque value in UL 486A-486B.

ve parts and

comply with

b equipment
Il not be less
ments in the

rating of the

accordance

14 Cord-Cqnnected-Equipment

14.1 General

14.1.1 A cord-connected isolated power center shall consist of an isolation transformer, line-isolation
monitor, branch-circuit panel, reference grounding bus, receptacle as described in 25.1, and grounding
jacks — see 26.1 — all mounted within a common enclosure and supplied by a power-supply cord.

14.1.2 A cord-connected convertible-system unit shall comply with 14.1.1 and in addition shall contain an
output cord-connector body or receptacle. The reliability of the grounding connection shall be determined
in accordance with the requirements for hospital grade receptacles.

14.1.3 The power supply cord of a cord-connected isolated power center or convertible-system unit shall
consist of a three conductor 10 AWG minimum, Type S or equivalent hard service cord. Cord-connected
equipment rated 20 A or less shall terminate in either a nonhazardous location locking-type, attachment
plug designated "Hospital Only" or a conventional two-blade with grounding pin attachment plug
designated "Hospital Grade" and shall be marked in accordance with 39.3. Cord-connected equipment
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rated over 20 A shall terminate in an acceptable attachment plug. The reliability of the grounding
connection shall be investigated in accordance with the applicable requirements for hospital grade plugs.

14.2 Strain relief

14.2.1 Strain relief shall be provided to prevent a mechanical stress on a flexible cord, such as a pull or
twist, from being transmitted to terminals, splices, or interior wiring.

14.2.2 A clamp may be employed to provide strain relief.

14.2.3 Means shall be provided to prevent the flexible cord from being pushed into an appliance through

the cord-entry-hote-when-stch d;ap:auclllcl tresuttsin:

a) Supjecting the cord to mechanical damage,
b) Exposing the cord to a temperature higher than that for which the cord israted,

¢) Reflucing spacings, such as to a metal strain-relief clamp, below thesminimum required values,
or

d) Damaging internal connections or components.
The cord shdll comply with Push-Back Relief, Section 35.

14.2.4 Whegn tested in accordance with 14.2.5, the strain relief means provided on the flexjble cord shall
withstand forl 1 min, without displacement, a pull of 35:1bf (156 N) applied to the cord with th¢ connections
within the eqliipment disconnected.

14.2.5 A 358-lb (16-kg) weight is to be suspended on the cord and supported by the equipmént so that the
strain-relief means will be stressed from any-angle that the construction of the equipment| permits. The
strain relief i$ not acceptable if, at the point of disconnection of the conductors, there is moyement of the
cord indicatirng that stress would haveTesulted on the connections.

14.3 Bushings

14.3.1 A byshing or thetequivalent shall be provided at a point where a flexible cord passe¢s through an
opening in g wall, barrier;” or enclosing case. The bushing shall be substantial and reliably secured in
place, and shall havé a smooth well-rounded surface against which the cord may bear.

15 X-Ray Hquipment

15.1 An isolated power center intended to supply x-ray equipment only is considered to be intended for
intermittent duty. The equipment shall consist of an isolation transformer, line isolation monitor, secondary
branch-circuit protection, and a ground bus. The output of the equipment shall provide for only one circuit
at a time that is provided with secondary overload protection of 60 A maximum.

Exception: An isolated power center may supply more than one circuit at a time if the electrical system is in
accordance with the Exception to Article 12-4.1.2.6 (d) or with Article 12-4.1.2.6 (e) in the Standard for
Health Care Facilities, NFPA 99-1993.

16 Wall Modular Units

16.1 A wall-modular unit containing isolated power systems circuits shall not have grounded output-
power-systems circuits.
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16.2 The surface burning characteristics of the building materials used in wall-modular units shall have
the following maximum ratings applied to the finished panel and to core material (if used) in comparison
with asbestos-cement boards as zero and untreated red oak lumber as 100:

a) Flame spread rating 75.

b) Smoke developed 200.

16.3 Except for the enclosures of isolated power systems equipment contained in or supported by a wall-
modular unit (see Enclosure, Section 5), the minimum thickness of materials comprising the wall-modular
unit is not specified, but the wall-modular unit shall have sufficient strength and rigidity to mount and
support all components.

16.4 Wall-nl\odular units may be shipped without incorporating component accessofies’such as gas
outlets, lighting fixtures, clocks, and intercommunication units.

16.5 A racgway utilized for multiple installation of electrical outlets, switches,@@round jackg, clinical gas
valves, and the like, shall comply with the requirements in the Standard for Surface Metal Raceways and
Fittings, UL 5

16.6 A gasoutlet shall comply with the requirements for gas and’vacuum systems in the [Standard for
Health Care Racilities, NFPA 99.

16.7 Wiring shall be segregated in accordance with Separation of Circuits, Section 18| In addition,
patient-monitpring-circuit wiring shall be routed in an enclosure or a conduit separate from all pther wiring.

16.8 Each faceway provided to accommodate a.field-installed circuit, shall be marked tq indicate the
circuit that is [to be routed through the raceway. The marking may be in the form of a wiring|diagram that
clearly indicafes the location of the raceway.

17 Internal Wiring

17.1  The infernal wiring of isolated power systems equipment shall consist of general-use Wire, such as
Type RH, T, gr THW, or equivatent'appliance wiring material having insulation at least 0.028 fin (0.71 mm)
thick and tha{ is acceptable for the application when considered with respect to the temperature, voltage,
and condition of service towhich the wiring is likely to be subjected.

17.2 The insulation_on internal wiring of isolated power systems equipment shall be cglor-coded as
follows:

Orange—tsofated—Conductor No. 1, withra distinctive cofored stripe other tham white, green, or
gray,

Brown — Isolated Conductor No. 2, with a distinctive colored stripe other than white, green, or gray,
and

Yellow — Isolated Conductor No. 3 (three-phase system only), with a distinctive colored stripe other
than white, green, or gray.

17.3 Supplementary insulation, such as coated-fabric or extruded thermoplastic insulating tubing, shall
be rated for the temperature to which it may be subjected in service. See 20.14.

17.4 A wireway shall be smooth and entirely free from sharp edges, burrs, fins, moving parts, and the
like that may cause abrasion of the conductor insulation. A hole in a sheet-metal wall through which
insulated wires pass shall be provided with a bushing if the wall is 0.042 in (1.07 mm) or less in thickness.
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A hole in a wall thicker than 0.042 in shall have smooth, well-rounded edges, or shall be provided with a

bushing.

17.5 All joints and connections shall be mechanically secure and shall provide acceptable electrical
contact without placing stress on connections and terminals.

17.6 A stranded conductor clamped under a wire-binding screw or similar part shall have the individual
strands restrained by being soldered together or by a cupped washer or the equivalent.

18 Separation of Circuits

18.1 Facto,
18.1.1
conductors (¢
communicati

Unlgss provided with insulation rated for the highest voltage involved, factory.instg

Thﬁta::cu

f different circuits, such as primary and secondary circuits, circuits of” diffe
bn circuits, different branch circuits, and the like shall be separated:by barrie

segregated;
different circ

18.1.2 Segregation of insulated conductors may be accomplished by clamping, routing,
means that grovides permanent separation from insulated or uninsulated live parts of a differs

1813 Ab
insulating mg
place.

18.2 Field-

18.2.1 Meg
segregated g

a) Fie

b) Un

18.2.2 Wit
applications
removable b
for the use

and shall, in any case, be separated or segregated from uninsulated live parts
its.

rrier used to provide separation between the wiring of different circuits shall 4
terial having mechanical strength acceptablefor the application, and shall be r

nstalled Class 2

ns shall be provided for field-installed Class 2 conductors to be separated by b3
s indicated in 18.1.2 from:

Id-installed and factory-installed conductors connected to any circuit other than

nsulated live parts'of any other circuit of the equipment.

h referencesto'18.2.1 (a), if the intended uses of the equipment are such
a barrier s required for separation while in other applications no barrier i
Brrier_or-ene having openings for the passage of conductors may be employec
bf such a barrier are to be a permanent part of the equipment. Complete i

lled insulated
ent voltages,
rs or shall be
connected to

or equivalent
ent circuit.

e of metal or
eliably held in

rriers or to be

Class 2.

that in some
required, a
. Instructions
nstructions in
stigation, the

D

conjunction

with’ a wiring diagram may be acceptable in lieu of a barrier if, upon inve

combination

is found to be acceptable.

18.2.3 Field-installed Class 2 conductors may be segregated in accordance with 18.2.1 by arranging the
location of openings in an enclosure for the various conductors — with respect to the terminals or other
uninsulated live parts — so that there is no likelihood of intermingling of the conductors or parts of different
circuits.

a) If the number of openings in the enclosure does not exceed the minimum required for the proper
wiring of the equipment, and if each opening is located opposite a set of terminals, it is to be
assumed that a conductor entering an opening will be connected to the terminal opposite that
opening.

b) If more than the minimum number of openings are provided, it is to be assumed that conductors
will enter an opening other than the one opposite the terminal to which they are intended to be
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connected. In such a case, there shall not be a likelihood of the conductors contacting insulated
conductors or uninsulated current-carrying parts connected to a different circuit.

18.2.4 To determine if equipment complies with the requirements of 18.2.1, it is to be wired as it would be
in service. In doing so, slack is to be left in each conductor, within the enclosure, and no more than
average care is to be exercised in stowing the slack into the wiring compartment.

19 Field-Wiring Space

19.1 General

19.1.1  The or—fretd=instattec fors—within—the—enclostre—of—isotated—poyer systems
equipment shall be sufficient to provide room for the distribution of the maximum size-supply and load
wires required for the proper wiring of the equipment, as based on the rating of the equipment

19.2 Wire bending space

19.2.1 Wire bending space for field installed wires shall be provided oppaosite any wire connector and
also opposite|any opening or knockout for a wiring system as specified in. 19:2.2, 19.2.3, or 19.2.7.

19.2.2 If a gonductor is likely to enter or leave the enclosure surface opposite its wire connector, the wire
bending spage shall be as specified in Table 19.2. A wire is considéred likely to enter or leave a top, back
or side surfage if there is an opening or knockout for a wiring system or if instructions are provided in
accordance with the Exception to 12.1.

Exception: The wire bending space may be in accordance with Table 19.1 if drawings pre provided
specifying that the conductors are not to enter arzleave the enclosure surface that is oppagsite the wire
connector.

Table 19.1
Minimum acceptable width of gutter and wire-bending space at terminals

Minimum bending spacg, terminal to
Wire size, AWG or kemil (mm?) wall, in?
14 -10 (2.1-5.3) Not specifie
8 (8.4) 1-1/2
6 (13.3) 1-1/2
53 (21.2-26.7) 2
Z (336) Z-172
1 (42.4) 3
1/0-2/0 (53.5-67.4) 3-1/2
3/0 (85.0) 4
4/0 (107.2) 4
250 (127) 4-1/2
300 (152) 5
NOTES -
1 Multiple-conductor combinations may be given further consideration.
2 For ampacities of 110 A or less, wire-bending space shall be based on the lowest-temperature insulated wire the marking
specifies.
3 See 19.2.3and 19.2.7.
& For Sl units 1 in = 25.4 mm.
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Table 19.2
Minimum acceptable wire-bending space at terminals
Wire size, AWG or kcmil (mmz) Minimum bending space, terminal to wall, in?
14-10 (2.1-5.3) Not Specified

8 (8.4) 1-1/2

6 (13.3) 2

4 (21.2) 3

3 (26.7) 3

2 (33.6) 3-1/2

I (4£.4) a4-1/2

D (53.5) 5-1/2
20 (67.4) 6
30 (85.0) 6-1/2 (42
40 (107.2) 7 nr
250 (127) 8-1/2 21
3po (152) 10 3

NOTES -
1 Multiple-condluctor combinations may be given further consideration.
2 For ampacitigs of 110 A or less, wire-bending space shall be based on the'lowest-temperature insulated wire the mmarking
specifies.

3 See 19.2.2.
& For Sl units 1|in = 25.4 mm.

® For removable wiring terminals intended for only one wire, berdling space may be reduced by the amount shown {n brackets.
See 19.2.5.

19.2.3 If a|conductor is not likely to enter or leave the enclosure opposite its wire conngctor, the wire
bending spage shall be as specified in Table 19.1.

19.2.4 If a conductor is restrictéd by barriers, branch-circuit units, or other means from bg¢ing bent in a
90-degree o1 S bend from the términal to any usable location in the wall of the enclosure, the|distance is to
be measured from the end of the barrier or other obstruction.

19.2.5 For the purpdse of these requirements a removable wiring terminal is one that cap be removed
from its interjded location without disturbing structural or electrical parts, other than a cover| and that can
be reinstalledq with the conductor in place.

19.2.6 The distance specified in Table 19.2 is to be measured in a straight line from the edge of the wire
terminal closest to the wall in a direction perpendicular to the box wall or barrier. The wire terminal is to be
turned to all positions that it can assume without defeating any reliable means provided to prevent its
turning, such as a box, shoulder, walls of a recess, or multiple bolts securing the connector.

Exception No. 1: Bending space specified in Table 19.1 may be measured in a straight line from the
center of the wire opening in the direction the wire leaves the terminal. However, it is to be assumed that
the connector is not oriented so that the wire will be directed into a corner of the box to such extent that the
transverse wall would necessitate additional bending. If the connectors for a circuit are fixed in position —
for example, by the walls of a recess — so that they are turned toward each other, the distance is to be
measured at the wire opening nearest to the wall in a direction perpendicular to the wall.

Exception No. 2: If a terminal is provided with one or more connectors for the connection of conductors in
multiple, the distance is to be measured from the wire opening closest to the wall of the enclosure.
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19.2.7 A wiring space in which one or more openings or knockouts are provided or are intended for
openings in accordance with the Exception to 12.1 shall be of adequate width to accommodate (with
respect to bending) conductors of the maximum size likely to be used at that location. The values of the
minimum acceptable width of a wiring space, with respect to conductors entering at that location, are the
same as the values of minimum acceptable bending space given in Table 19.1.

Exception: The wiring space may be of less width if:

a) Knockouts of sufficient size are provided elsewhere or designated in accordance with the

Excep

tionto 12.1,

b) The wiring space at such other location is of adequate width to accommodate the conductors in

quest

¢) This

19.2.8 The
parts of a swi

a) Sha
b) Shd

percemt of the total cross-sectional area of the maximum number of wires that may be

space

19.2.9
consideration
than 12 AWG
given to all tH
the more com

19.2.10 Thg

a) The
for am

marking specifies 60,#5,.or 90°C (140, 167, or 194°F) wire; and

b) The
a term
which
neces

n, ana

location can be conveniently used in the normal wiring of the device.

Clear wiring space, independent of all projections, obstructions, or-interference
ching mechanism:

Il not be smaller in width or in depth than the values specified.in Table 19.3.

Il be acceptable for the wiring of the device, and shall’ not be smaller in total a

is to be given to the actual size of wires'that will be used in that space; but
(3.3 mm?) shall not be used. In computing the area of a wiring space, consider]

mon multiple-wire connections are given in Table 19.3.

acceptability of wiring spacés shall be judged using:

size and conductor material of a wire used at a terminal in accordance with 13.]
pacities of 110 A ofless the size shall be based on 60°C (140°F) insulated con

full complément of branch-circuit devices necessitating the largest wiring spag
inal is acCeptable for use with two or more combinations of conductors in mul
would\.-be appropriate for that terminal in accordance with 13.2, the
sitating the largest wiring space shall used. If a terminal is provided for G
e the size of each of the conductors will be run in a separate conduit. See ng

from moving

rea than 250
used in such

In determining whether or not a wiring space complies with the requirement in 19.2.8,

vires smaller
ation is to be

e available space that may be propefly used for the placement of wires. Minimum areas of

p, except that
ductors if the

e installed. If
iple, each of
combination
onductors in

multip!

te a to Table

13.1.
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Table 19.3
Wiring space

Minimum Minimum areas in square inches required for multiple areas based on factor of 2.5
width and
depth of
Maximum size of wire wiring
or cable involved, space in
AWG or kemil (mm?) inches Two wires | Three wires | Four wires | Five wires | Sixwires |Seven wires
12 (3.3) 3/8 0.14 0.21 0.28 0.35 0.42 0.49
10 (5.3) 3/8 0.23 0.34 0.46 0.57 0.68 0.80
8 (8.4) 12 0.38 0.57 0.76 0.95 1.14 1.33
6 (13.3) 578 0.62 0.93 124 T55 T.86 2.17
4 (21.2) 3/4 0.80 1.20 1.60 2.00 2.40 2.80
3 (26.7) 3/4 0.91 1.36 1.82 2.27 2.72 3.18
2 (33.6) 7/8 1.03 1.55 2.06 2.58 3.10 3.61
1 (42.4) 1 1.36 2.04 2.72 3.40 4.08 4.76
1/0 (53.5) 1 1.55 2.33 3.10 3.88 4.66 5.43
2/0 (67.4) 1 1.79 2.68 3.58 4.47 5.36 6.26
3/0 (85.0) 1-1/8 2.08 3.1 4.16 5.19 6.22 7.27
4/0 107.2) 1-1/4 242 3.63 484 6.05 7.26 8.47
250 (127) 1-3/8 2.96 4.44 5.92 7.40 8.88 10.36
300 (152) 1-1/2 3.42 5.13 6.84 8.55 10.26 11.96
350 (177) 1-1/2 3.81 5.72 7.62 9.53 11.44 13.34
NOTE - For Slfunits 1in =25.4 mm.
20 Spacings
20.1 Spacings in isolated power systems equipment shall not be less than the applicable value specified
in Table 20.1
Exception Np. 1: Spacings.within components such as isolation transformers, line isolation monitors,
receptacles, pnd the like shallcomply with the requirements applicable to that component.
Exception Np. 2: Spacings for components in the signaling circuit for the line isolation mqnitor such as
buzzers, lampholders and associated conductors shall be in accordance with the requirements for line
isolation monitors.

20.2

Spacings in a component used in isolated power systems equipment (such as isolation

transformers, line isolation monitors, and receptacles) shall comply with the requirements applicable to
that component except that spacings between the component and the overall enclosure (other than
inherent spacings) and spacings between individual components shall comply with those specified in

Table 20.1.

20.3

In applying the minimum spacings specified in Table 20.1 it is assumed that the spacings at a

fuseholder are to be measured with a fuse of the maximum standard dimensions (including the maximum
projections for assembly screws and rivets) in place.
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Table 20.1
Minimum spacings

uninsulated live part and a grounded part of dead metal®

Minimum spacings between uninsulated live parts of opposite polarity and between an

Through air® Over surface®
Voltage involved, V in (mm) in (mm)
0-50 1/8 (3.2) 1/4 (6.4)
51-250 12 (12.7) 12 (12.7)
251 -600 1 (25.4) 1 (25.4)

@ An isolated part of conductive material (such as a screwhead or washer) interposed between uninsulated live parts of opposite

polarity or betw|
the dimension (

® A minimum s

Pen an uninsulated live part and grounded dead metal is considered to reduce the spacing by an am
f the interposed part along the path of measurement.

acing of 1in (25.4 mm) is required between a live part and a metal enclosure.

punt equal to

20.4 The dis
a) The
b) The
20.5 The sq
insulating ma

(6.4 mm) if th
contact is not

20.6 The lin
parts of oppol
the enclosure
indicated in T;

20.7 Abarri

a) Sha
the en

be of fijber.

b) Shg

btance between a door or cover over a fuseholder and:

center contact of an Edison-base fuseholder shall not be less'than 1-9/16 in (39

acings between screw shells of plug fuseholders that are protected by surrour
terial, and between such screw shells and a metal cover plate, may not be les
e depth of the receptacle as measured from the top of the wall to the plane
less than 3/4 in (19.1 mm).

er or barrier referenced in 20.7 — 2042 is insulating material that separates un
Site polarity, or separates an uninsulated live part and a grounded dead metal p|
), where the through-air spacing-between the parts would otherwise be less th
hble 20.1.

er or liner which comprises the sole separation:

Il be of material suitable for supporting an uninsulated live part, except that a ba
closure and anwuninsulated part electrically connected to a grounded circuit cg

Il have.a-thickness of 0.028 in (0.71 mm) or more, except as indicated in 20.12.

center contact of a Type S fuseholder shall not be less,than 1-5/16 in (33.3 mm].

.7 mm).

ding walls of
s than 1/4 in
of the center

nsulated live
art (including
an the value

rrier between
nductor may

20.8 A barri

eror liner used in conjunction with an air space shall have a thickness of 0.028

in (0.71 mm)

or more, except as noted in 20.11 and 20.12.

20.9

20.10

uninsulated live parts, the air space shall be adequate for the particular application.

20.11

air spacing ma

y have a thickness of not less than 0.013 in (0.33 mm) if it is:

a) Of material suitable for supporting uninsulated live parts,

b) Of adequate strength if exposed or otherwise likely to be subjected to damage,

If the barrier mentioned in 20.8 is of fiber, the air space shall be 1/32 in (0.79 mm) or more.

If the barrier mentioned in 20.8 is of material (other than fiber) that is not suitable for the support of

A barrier or liner used in conjunction with an air space of one-half or more of the required through-
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c) Reliably held in place, and

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

20.12
be accepted

20.13

if it has been found to be suitable for the particular application.

Insulating material having a thickness less than that indicated in 20.7(b) and 20.8 and 20.11 may

If spacings are less than those required in Table 20.1, thermoplastic tape that complies with the

Standard for Polyvinyl Chloride, Polyethylene, and Rubber Insulating Tape, UL 510, may be employed if:

a) At point where the spacing (see Table 20.1) prior to the application of the tape is not less than
half the required through-air spacing, the wrap is not less than 0.013 inch (0.33 mm) in thickness,

and ig

b) At
throu

c) The¢ tape is not subject to compression.

d) Th

e) Th

20.14
Standard for

a) No

b) All

edges;

c) Fo

d) Its
or les|

e) No

20.15 Spa
appropriate 1
mm?) is to bg

If spacings are less than those required in Table 20.1, thermoplastic tubing that com

applied in two or more layers.

point where the spacing prior to the application of the tape is less than)hali
ph-air spacing, the wrap is not less than 0.028 inch (0.71 mm) in thickness:

b tape is not wrapped over a sharp edge.

e tape is not to be subjected to a temperature in excess’of 80°C (176°F).

Extruded Insulating Tubing, UL 224, may be employed if:
| subjected to compression, repeated flexure; or sharp bends;

edges of the conductor covered with the tubing are well rounded and free fr|

chemically dilated tubing, a solvent recommended by the tubing manufacturer i

wall thickness (after assembly) is not less than 0.022 in (0.56 mm) for tubing 1/2
5 in diameter, and is no less than 0.028 in (0.71 mm) for larger tubing; and

I subjected to atemperature higher than that for which the tubing is acceptable.

Lings are(«to"be measured with all terminals unwired, and wired with conduc
or the_current involved. For field-wiring terminals no conductor smaller than
employed except 14 AWG (2.1 mm?) is to be employed for control circuits.

the required

plies with the

bm the sharp

5 used;

in (12.7 mm)

ors of a size
12 AWG (3.3

20.16 Inm

Easuring Spacings between an unimsutated tive partanda bushing nstattedat

knockout of

the enclosure, it is to be assumed that a bushing having the dimensions indicated in Table 20.2 (but
without a locknut inside the enclosure) is in place.

Table 20.2
Bushing dimensions

Trade size of conduit in inches

Overall diameter in inches

Height in inches

12
3/4
1

1
1-15/64
1-19/32

3/8
27164
33/64

Table 20.2 Continued on Next Page
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Table 20.2 Continued

Trade size of conduit in inches Overall diameter in inches Height in inches
1-1/4 1-15/16 9/16
1-1/2 2-13/64 19/32
2 2-45/64 5/8
2-1/2 3-7/32 3/4
3 3-7/8 13/16
3-1/2 4-7/16 15/16
4 4-31/32 1
NOTE — For Sl units 1in =25.4 mm.

21 Isolation Transformers

21.1
the primary &
transformers
and the Stan
the Standard
addition shall
order to redd
circuits. Phys

a) Primary and secondary windings are to be assembled one on the other but who

from ¢
compl

b) Prin
from €
orab
(0.71

whollyf

21.2 The copper barrier meftioned in 21.1(a) shall be connected to the core by a condu

accordance W
equivalentin

21.3 Abarri

Isolatigpn transformers shall be of the multiple-winding type with no electrical connec

nd secondary windings. The transformer shall comply with the.provisions fo
n the Standards for Low Voltage Transformers — Part 1: General Requirement
jard for Low Voltage Transformers — Part 2: General Purpose Transformers, U
for Low Voltage Transformers — Part 3: Class 2 and Class-3 Transformers, UL 5
be of such construction that the primary and secondarywindings are physically
ce the likelihood of the primary circuit potential fram being impressed on th
cal separation may be accomplished in one of the following manners:

ach other by either a copper barrier not less than 0.005 in (0.13 mm) thick or a
es with 21.3. The core is to be electrically connected to the reference grounding

hary and secondary windings are not assembled one on the other and are who
ach other by either a spacing of'not less than 1/2 in (12.7 mm) through air and
arrier of phenolic or melamine- resin composition or the equivalent, not less 1
mm) thick. The core is to-beeither electrically connected to the reference groy
covered with insulation.

ith Table 27.1 orconnected to the reference grounding bus by means of a copp
Cross sectjon-to the largest load conductor.

er employed to comply with 21.1(a) and the Exception to 21.7 shall be:

D75in (0.18 mm) thick mica,

a)0.0

tion between

low voltage
5, UL 5085-1
L 5085-2, or
D85-3, and in
separated in
e secondary

ly separated
barrier which
bus.

lly separated
over surface
han 0.028 in
nding bus or

ctor sized in
er conductor

b) Other material that has a flame-spread rating of zero when tested in accordance with the
Standard for Tests for Surface Burning Characteristics of Building Materials, UL 723, or

c) A material that complies with the abnormal operation test prescribed in Abnormal Operation,

Sectio

n 34.

21.4 Transformer core insulation employed to comply with the requirement in 21.1(b), shall comply with
the requirements for insulation systems and comply with the abnormal operation test prescribed in
Abnormal Operation, Section 34.

21.5 An uninsulated transformer core shall be electrically connected to the reference grounding bus by
means of a copper conductor having an ampacity at least equal to that of the largest load conductor, or
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enclosure by the transformer mounting means. Continuity of the grounding circuit shall not depend wholly
orin part on solder.

21.6 Insulation of leads shall be noted for the conditions of service, shall not be less than 0.028 in (0.71
mm) thick, and shall comply with the requirements for materials classified V-0 in the Standard for Tests for
Flammability of Plastic Materials for Parts in Devices and Appliances, UL 94.

Exception No. 1: These requirements do not apply to turn-to-turn insulation of a winding.

Exception No. 2: These requirements do not apply to thermoplastic tubing and insulated wire, that
complies with:

a) The requirements for the material see components, Section 3.1
b) The requirements in 20.14 and 17.1, and

¢) The Type FR-1 flammability requirements.

21.7 Leadq brought out of windings shall be insulated as required by 21\6,/and shall be s¢parated from
each other aphd from windings proper by not less than 1/4 in (6.4 mm) through air and 3/8 in (9.5 mm) over
surface where separation between primary and secondary is involved.

Exception: Al lesser spacing is acceptable where a barrier that<complies with the requiremeénts in 21.3 is
employed.

21.8 Transformer regulation shall not exceed 3 percent'when tested as described in 28.1.

21.9 Transformer leakage current shall not exceed the levels specified in Table 30.2 when tested as
described in 0.1 and 30.4.

22 Line Isqlation Monitor

221 Each|isolated power systems equipment shall be provided with a continuously ¢perating line
isolation moritor that indicates-pessible leakage or fault current from the isolated circuit to gny part of the
equipment tHat may be grounded in service — enclosure or primary circuit.

22.2 A ling isolation/monitor shall comply with the requirements in the Standard for Line Isolation
Monitors, UL|1022.

22.3 Input leads to a line isolation monitor shall not be smaller than 20 AWG (0.52 mm?). A line isolation
monitor shall be protected by fuses or a circuit breaker having a voltage rating equal to or more than the
rating of the isolated secondary and a current rating no more than 15 A. Overcurrent protection for a line
isolation monitor that is located remote from the enclosure in which wiring to it originates shall be
acceptable for branch-circuit protection.

22.4 With reference to 22.3, the fuses may be integral with the line isolation monitor.
22.5 Type S plug fuses and Class G, H, J, K, R, and T fuses are acceptable for branch-circuit protection.

22.6 If provision is made for the connection of a remote indicator or signal circuit, there shall be sufficient
space for routing and connecting the conductors for such circuits. See Separation of Circuits, Section 18.
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23 Overcurrent Protection

23.1

the ampere rating of the primary circuit.

Overcurrent protection provided for the primary circuit shall be rated not more than 125 percent of

Exception: The next higher standard rating is acceptable if 125 percent of the ampere rating does not
correspond to a standard rating of a fuse or circuit breaker. For a transformer rated less than 1000 VA, the

overcurrent p

rotection shall not be rated more than 167 percent of the primary current.

23.2 Acircuit breaker connected in the primary circuit shall open all ungrounded conductors.

Exception: If
single-pole ¢
single-phase

conductor inv

23.3 Branc
protection in

phase circuits

thc GLIUI’FIIIIGIIL‘ l"iao 'JIUVI'OI'UII fu: UUIHIUU:I’UII Uf d leul'dUd llUUtlall bUlIdUbl
ycuit breakers are acceptable as the protection for each ungrounded conductd
circuit or for each ungrounded conductor of a 4-wire, 3-phase circuif, prov
plves a potential to ground in excess of 150 V.

N circuits supplied from the secondary of an isolation transformer shall have
pach circuit conductor. If circuit breakers are used they shall be the 2-pole (3-p|
) common-trip type. Overcurrent protection shall be acceptable' for branch-circui

r, individual
r of a 3-wire
ided that no

overcurrent
ple for three-
[ protection.

23.4 Overciirrent protection in a circuit supplying an integral regeptacle shall be rated the [same as the

receptacle.

23.5 There phall not be more than 16 branch circuits in onepanel, not counting the line isolation monitor
circuit.

23.6 The orT-off position of each circuit breaker shall be clearly indicated. If a circuit breaker handle is
operated verlically, rather than horizontally or retationally, the up position of the handle shgll be the on
position.

24 Switchep

24.1 A swit¢h shall be providediinan isolated power center for each circuit supplied from the secondary

of the isolatio
circuit condu
required by th

n transformer, exeept for the line isolation monitor circuit. Each switch shall op¢n all supply-
ctors. If circuit breakers are used to comply with 23.3, they may serve as the switches
is paragraph;

24.2 The on
rather than hg

-off position of each switch shall be clearly indicated. If a switch handle is opera
rizontally or rotationally, the up position of the handle shall be the on position.

ted vertically,

24.3 If cartridge-type fuses are employed to comply with 23.3, a switch that opens all supply circuit
conductors shall be provided on the supply side of each cartridge fuseholder such that each branch circuit,
except the line-isolation-monitor circuit, can be independently disconnected from the source of the supply.

25 Receptacles

25.1 Power receptacles that are an integral part of isolated power systems equipment shall be either the
nonhazardous location locking type receptacle designated "Hospital Only" or a conventional 2-blade
receptacle designated "Hospital Grade" and having a grounding pin.

25.2 The grounding terminal of each receptacle shall be connected to the reference grounding bus, or,
for a remotely mounted receptacle, to the common grounding point mentioned in 25.3, by means of an
insulated copper conductor sized in accordance with Table 27.2.
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25.3 Receptacles in common enclosure shall be connected to a common grounding point. Means shall
be provided for connecting this grounding point to a reference grounding bus bar using a 10 AWG (5.3
mm?) insulated copper wire.

25.4  With reference to 17.2, for a circuit providing a 125-V, single-phase, 15- and 20-A receptacles, the
orange conductor or conductors shall be connected to the terminal on the receptacle that is identified for

connection of the grounded circuit conductor.

26 Grounding Jacks and Cord Assemblies

26.1  When provided, a jack for grounding nonelectrical equipment, conductive metal, furnishings, or
other metal of-the-si oD 50

26.2 An individual grounding jack shall be connected to the reference groundingybug by a single

insulated 10| AWG (5.3 mm?) stranded copper conductor. Grouped jacks shall bé’ conmected to the

reference gr
AWG. See

26.3 An adg

terminal conmector shall be available.

264 Theg
not smaller t
more yellow

26.5 Ther
connector sh

27 Referen

pbunding bus by an insulated, continuous, stranded copper conductor, not sm
hble 27.2.

ceptable grounding-cord assembly consisting of a single pole plug, single ¢

rounding conductor shall have 3/64 in (1.2 mm) minimdm insulation, and be stra
nan 10 AWG (5.3 mm?). The color of the cord insulation shall be green with or |
stripes.

psistance of the cord assembly measured-from the tip of the grounding plug t
all not exceed 0.03 Q.

ce Grounding Bus

27.1 lIsolat
to accommo
indicated in ]
of the priman
no less than

d
an accessibl} silver, copper, or copper alloy bare metal reference grounding bus bar having

power centers, isolated power panelboards, and wall modular units shall be

ate the number of €ohnections shown in Figure 27.1. The cross-section shall bg
[able 27.1, based.oh an overcurrent protective device rated 125 percent of the

D.050 in (1.27mm). See 13.7.

aller than 10

bnductor, and

nded copper,
vithout one or

b the terminal

provided with
sufficient area
e no less than
current rating

y of the isolation-transformer, and if provided with wire binding screws the thickness shall be
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Figure 27.1

Reference grounding bus bar connections

ENCLOSURE — IF BUS IS
INSULATED — NO.10 AWG.

SYSTEM GROUND (TABLE 27.2)

WATER—PIREOR—STRUCHIRAL

Notes —
1) @ Not required
2) ® Required for

9 ©® ©
® @ o o

METAL-NO.10 AWG.

RECEPTACLE—ONE OR TWO
NO.12 AWGE

&)

INDIVIDUAL GROUNDING JACKS
MOUNTED ON PANEL-NO.10 AWGSO

S)
®

GROUPED GRQUNDING JACKS MOUNTED
ON PANELSNO.10 AWG.©

)
®

REMOTE GROUNDING JACKS, ROOM
@ AND PATIENT REFERENCE GROUND
BUS BARS-SIX NO.10 AWG.

&

P CONDUIT GROUNDING BUSHING
ONE PER BUSHINGDP

&)

SB08248

for isolated-power centers for x-ray equipment only.
wall'modular units. See note ¢ of Table 27.2.
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27.2 The reference grounding bus bar is able to be mounted directly on the metal of the enclosure or
insulated from the enclosure. Where insulated, the reference grounding bus bar shall be connected to the
enclosure by an insulated stranded copper conductor not smaller than 10 AWG (5.3 mm?). Sheet-metal
screws shall not be used to connect grounding conductors to the enclosure.

Table 27.1
Grounding conductor

Maximum ampere rating of Size of copper grounding conductor ;Lc:lsnsc;is:g?ena:fs
overcurrent device protecting
primary of isolation transformer Minimum AWG (mm?) in2 — minimum
60 10 (5.3) Q.008
100 8 (8.4) Q.013
200 6 (13.3) Q.021

NOTE - For Sjunits 1 in =25.4 mm.

27.3 The neference grounding bus bar shall have provision for the connection of not |ess than the
number and [size conductors indicated in Table 27.2. All terminations on_the reference grounding bus bar
shall be suifable for stranded copper conductors and shall have,provision for mechanigally securing
internal bonding conductors and supply grounding conductors without the use of solder.

27.4 All depd metal parts of a wall modular unit (not reliably bonded to the grounding sygtem) shall be
connected tg the reference grounding bus bar by means ‘of insulated stranded copper cpnductors not
smaller than| 10 AWG (5.3 mm?). All raceways shall.bg Similarly connected by means of threaded rigid
conduit or thé equivalent.

Table 27.2
Reference'grounding bus bar connections
Item Connection to Number AWG size (mm?)
1 Enclosure — if referencetgrounding bus bar is 1 10 (5.3)
nsulated from enclosure
2 Building Service, Ground 1 Table 27.1
3 \Water Pipe onStructural Metal 1 10 (5.3)
4 Power Réceptacles 1ab 12 (3.3)
5 Individual Grounding Jacks Mounted on Panel 1P 10 (5.3)
6 Grouped Grounding Jacks Mounted on Panel 1P 10 (5.3)
7 Remote Grounding Jacks, Room Bonding Bus or 6 10 (5.3)
Patient Equipment Grounding Bus
8 Conduit Grounding Bushings 1¢ 10 (5.3)
NOTE — See Figure 27.1.
2 |t is recommended that two grounding connections, appropriately color coded, be provided for each power receptacle to provide
for future redundant grounding.
® Not required for isolated power centers for x-ray equipment only.
¢ Only required for wall modular units. Shall be provided on the transformer enclosure at the entrance way for the primary supply
leads.
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PERFORMANCE
28 Regulation

28.1 The inherent regulation of the transformers at rated input voltage shall be such that the difference
between output voltage at no load and output voltage at rated current at unity power factor shall not
exceed 3 percent of the output voltage at rated current. The transformer shall be operated at 1/4 load for 2
h prior to making measurements.

29 Temperature

29.1 When festedunder-the—conditions-describedr “+F-anisotatedpower-systems equipment
shall not attaipn a temperature at any point sufficiently high to constitute a risk of fire, to damage any of the
materials employed, or to exceed the temperature rises specified in Table 29.1.

Table 29.1
Maximum temperature rises
Materials and components °C °F

A. BUS BARS

1. A bus wjthin 6 in (12.7 mm) of a fuseholder along the current path when 30 54

tested with dummy fuses

2. An unplated bus bar and joint not covered by item 1 30 54

3. A plateq bus bar at the point of connection to a molded-case.giréuit 55 99

breaker®®

4. A plated bus bar except as covered by items 1 and 3°¢ 65 117
B. PRESSURE|TERMINAL CONNECTORS

1. A presstire terminal connector for a field-installed:conductor except as 50 90

noted in it¢gm 2°

2. A presstire terminal connector used ina citeuit rated 110 A or less and 65 117
marked fof use with 75°C (167°F) wire®

3. A presspire terminal or wire connegcter for internal wiring involving aluminum 50 90
conductor$ unless the connectof has been investigated for a higher
temperatufe®

C. INSULATING MATERIALS
1. Wire indulation and.irisulating tubing®® 35 63

2. Phenoli¢ compesition employed as electrical insulation or as a part, the 125 225
deterioratipn of\which would result in a risk of fire or electric shock®®

D. COMPONENTS

1. Transformer windings Temperature rating of insulation less 25°C
(7T7°F)
E. SURFACES

1. A part that may be contacted by field wiring® 50 90

2. Exposed surface of enclosure
Portable equipment 25 45
Wall-mounted equipment 30 54

3. Any point on the enclosure other than item 2 65 117

& A plated bus at the point of connection to a molded-case circuit breaker marked for and subjected to this test (1) at 100 percent
continuous rating, or (2) using 75°C (167°F) wire for circuits rated 110 A or less may have a 65°C (117°F) rise.

Table 29.1 Continued on Next Page
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Table 29.1 Continued

Materials and components °C

°F

® Both surfaces of a joint shall be plated but not necessarily the entire length of the bus bar.

¢ In equipment tested with dummy fuses, the recorded temperature rise shall be increased 20°C (36°F) to represent the heating of
fuses except that if only a few fuses, such as control-circuit fuses are involved, the increase shall only apply to parts within 12 in
(305 mm) of the fuses. See 39.5.

4 Applicable to a connector for copper wire. Also applicable to a connector for aluminum wire or an aluminum-bodied connector
provided the connector has a temperature rating of 90°C (194°F).

¢ This limitation does not apply to an insulated conductor or other material that has been investigated and found acceptable for a
higher temperature.

29.2  For the test, the equipment is to be mounted or supported as in service and (op

conditions af

proximating those of normal operation.

erated under

29.3 Permanently-connected isolated power systems equipment is to be supperted on thé¢ surface of a

wood wall ng

such width @nd height that they extend not less than 2 ft (0.6 m) beyond ‘the physical

equipment a
to the inside

29.4 Surfa
described in

29.5 Flush-
the equivalg
perpendicula

make a closg¢ fit with the equipment enclosure onthe four sides and the rear, and has a flaf

simulating th
equipment a

29.6 Theis
connected tq
load method

Exception: T
be connecte
adjusted to
secondary ci

t less than 3/8 in (9.5 mm) thick, coated with flat black paint. Two‘or more such

e to be fastened together to form a 90-degree angle. The equipment is to be log
corner of the wall as its construction will permit.

ce-mounted equipment is to be mounted directly ,on_the surface of the wall i
9.3.

mounted equipment is to be mounted in a box-like structure of 3/8-in (9.5-mm)
nt, coated with flat black paint on théinside surface, the walls of the b
r to its back. The internal dimensions-of the box-like structure are to be such

e wall surface in which the equipment is designed to be mounted. The ass
nd wood box is to be mounted in‘an appropriate opening in the wall described in

walls having
limits of the
ated as close

h the manner

thick wood or
bX are to be
that the walls
front surface
embly of the
9.3.

plating transformer is to he connected to a source of rated primary voltage and the secondary

a resistive load adjusted to draw rated secondary current. As an alternate to
the load-back method described in 29.7 may be employed. See also 29.8.

he isolating.transformer of an isolated power center intended for x-ray equipm
i to a souree of rated primary voltage and the secondary connected to a re

the resistive-

lent only shall
sistance load

draw 80 percent of the rating of the overcurrent-protective device associated with the

rcuit.

29.7

In the load-back method the primary and secondary windings of the transformer under test are to be

connected in parallel to the primary and secondary windings, respectively, of a similar auxiliary
transformer. The primary windings are to be connected to a source of rated primary voltage for the test
transformer and rated full-load secondary current is to be circulated in the secondaries by impressing a
voltage across a break in the secondary circuit. The impressed voltage, which may be introduced by a
loading transformer, is to be just sufficient to circulate full-load rated secondary current.

29.8 The distribution section (with transformer operating in the load-back method) shall be loaded as
indicated in 29.9 and 29.10 so that rated currents will be caused to flow in the main bus bars. Any
convenient voltage supply may be used as long as rated current flows through the unit. This test may also
be combined with 29.6 if the resistive-load method is used.

29.9 If the branch circuits are protected by fuses, dummy fuses or the equivalent shall be used in place
of regular fuses in the fuseholders. All branch circuits used shall be loaded to 100 percent of the rating of
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the branch circuits, except that one branch circuit may be loaded to a lesser value as necessary to achieve
the required test current in the main bus bars.

29.10 If the branch circuits are protected by circuit breakers, each branch circuit used shall be loaded to
80 percent of the rating of the branch circuits, except that one branch circuit may be loaded to a lesser
value as necessary to achieve the required test current in the main bus bars.

29.11 For an isolated power center for x-ray equipment only with multiple noninterlocked secondary
overcurrent-protective devices, the temperature test shall be performed under the conditions of the
Exception to 29.6 on one circuit only with the remaining circuits having no load.

29.12 Allv

a test may be

29.13 Temp
(0.21 mm?)

temperature s
temperatures
AWG iron an
used whenev

ues-inTable 29 1 are based-on-an-assutmed-ambient (rnnm) +nmpnr9h|rn of 25°

eratures are to be measured by thermocouples consisting of wires nat larger t
and not smaller than 30 AWG (0.05 mm?) except that a coil ‘or"transfor
hall be determined by the resistance method. When thermocouples’are used in
in electrical equipment, it is common practice to employ thermocouples con

br referee temperature measurements by thermocouples are necessary.

conducted at any ambient temperature with the range of 10 — 40°C (50 — 104°F).

C (77°F), but

nan 24 AWG
mer winding
determining
sisting of 30

 constantan wire and a potentiometer-type indicating instrument. Such equipment is to be

29.14 A temperature is considered to be constant when three/successive readings, taken at intervals of

10 percent of
change. The
good laboratd
Calibration Tq
MC96.1.

29.15 A the
thermal contd
acceptable th
metal surface

29.16 Then
winding by @
resistance at

the previously elapsed duration of the test (but'not less than 15-min intervals
hermocouples and related instruments are to‘beraccurate and calibrated in acg
ry practice. The thermocouple wire is to conform with the requirements specifie
lerances for Thermocouples table in Temperature Measurement Thermocoupl

rmocouple junction and adjacent) thermocouple lead wire are to be securely
ct with the surface of the material whose temperature is being measured. In
ermal contact will result frem-§ecurely taping or cementing the thermocouple in
is involved, brazing or seldering the thermocouple to the metal may be necessa

esistance method consists of the determination of the temperature of a copper

B known temperature, according to the formula:

R
At=—(k+ 1)~ (k+1y)

, indicate no
ordance with
H in the Initial
ps, ANSI/ISA

held in good
most cases,
blace but, if a

ry.

or aluminum

omparing the (resistance of the winding at the temperature to be determiped with the

in which:

At is the temperature rise,

Risth

e resistance of the winding at the end of the test,

ris the resistance of the winding at t; at the beginning of the test,

t1 isth

t,isth

e room temperature in °C at the beginning of the test,

e room temperature °C at the end of the test, and

k is 234.5 for copper and 225.0 for electrical conductor grade (EC) aluminum. Values of the
constant for other grades must be determined.
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2917 As it is generally necessary to de-energize the winding before measuring R, the value of R at
shutdown may be determined by taking several resistance measurements at short intervals, beginning as
quickly as possible after the instant of shutdown. A curve of the resistance values and the time may be
plotted and extrapolated to give the value of R at shutdown.

30 Leakage Current

30.1  While in a well-heated condition following the temperature test, when tested under the conditions of
30.2 — 30.6, the leakage current to the enclosure and primary grounding circuit conductor from each
isolated circuit conductor shall not exceed the values tabulated in Table 30.1 and Table 30.2.

Table 30.1
Maximum allowable panel leakage
Maximum panel leakage current,\pA
Secondary volts
Maximum panel rating, kVA 120 208, 240, and|277
5 40 60
10 50 75
25 70 100
W4l modular units 100 100
Table 302
Maximum allowable transformer leakage
Maximum transformer leakage current, pA
Secondary volts
Maximum tfansformer rating, kVA 120 208, 240, and|277
5 20 30
10 25 37
15 30 40
25 35 50

30.2 The grimary efthe isolated power systems equipment shall be connected to a sdurce of rated
voltage, with|no loads-connected to the isolated circuit and with the ground connection to thg line isolation
monitor rempved. ,Measurements shall be made under all possible switch combinations{as shown in
Figure 30.1 qr kigure 30.2.

Exception: Measurements may be made in accordance with Figure 30.3 if the equipment is marked in
accordance with 39.24.

30.3 A wall modular unit shall be tested as described in 30.2 except that all circuits shall be energized
but fixed devices such as lamps, elapsed time indicators, and so forth shall be disconnected by means of
their respective control switches.

30.4 The primary of the isolation transformer shall be connected to a source of rated voltage and with no
connections to the secondary, measurements shall be made under all possible switch combinations as
shown in Figure 30.4 or Figure 30.5.

Exception: Measurements may be made in accordance with Figure 30.6 if the equipment is marked in
accordance with 39.24.
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30.5 The leakage current shall be determined by measuring the voltage across a 500-Q resistor
connected between the isolated conductor and the grounded circuit conductor bonded to the enclosure.

30.6 The voltmeter shall have a minimum input impedance of 1 MQ.

Figure 30.1

Method of measuring leakage current for complete single-phase equipment
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Figure 30.2

Method of measuring leakage current for complete three-phase equipment delta to wye or delta to
delta (not diagramed)
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®S, to be moved to lines B — C and the test sequence repeated.
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Figure 30.3

Method of measuring leakage current for complete three-phase equipment for connection only to a
three-phase, 4-wire wye supply wye to wye or wye to delta (not diagramed)
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Figure 30.4

Method of measuring leakage current for a single-phase isolation transformer
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Figure 30.5

Method of measuring leakage current for three-phase isolation transformer delta to wye or delta to
delta (not diagramed)
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