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Preface

This is the harmonized CSA Group and ULSE standard for Uninterruptible Power Systems (UPS). It is the
third edition of CSA C22.2 No. 107.3 and the fifth edition of UL 1778. This harmonized standard has been
jointly revised on April 28, 2023. For this purpose, CSA Group and ULSE are issuing revision pages dated
April 28, 2023.

This harmonized Standard was prepared by CSA Group and ULSE Inc. (ULSE). The efforts and support of
the National Electrical Manufacturers Association (NEMA) and Electro-Federation Canada (EFC) are

gratefully acknowledged.

This standa
standard.

This Standa
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Committee o
Committee.

Application

fs—considered suitable for use for conformity assessment withim the stated

d was reviewed by the CSA Subcommittee on Uninterruptible Power Systen
f the CSA Technical Committee on Industrial Products and the CSA Strat
n Requirements for Electrical Safety, and has been formally appreved by the C

of Standard

Where refergnce is made to a specific number of samples tobe tested, the specified nu

considered 4

Note: Although
responsibility of

The Standar
No. 60950-1
Reference D
C22.2 No. 6(
edition of CS

Level of Har

This Standar

minimum quantity.

the intended primary application of this standard is(stated in its scope, it is important to note th|
the users of the standard to judge its suitability for their particular purpose.

H is intended to be used in conjunetion with the applicable requirements of CA
07 and UL 60950-1, March 200%,second edition, which is referred to in this St
ocument (RD). Compliance will be determined by the requirements located

scope of the

hs, under the
pgic Steering
SA Technical
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pt it remains the

N/CSA-C22.2
hndard as the
n CAN/CSA-
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A C22.2 No. 107.3 and the fifth edition of UL 1778.
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technologica
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re allowed for codes and governmental regulations as well as those recognizs
with NAFTA Article 905, for example, because of fundamental climatic,

nt standard is
nical national
d as being in
geographical,

it the country

considers appropriate. Presentation is word for word except for editorial changes.
Interpretations

The interpretation by the standards development organization of an identical or equivalent standard is
based on the literal text to determine compliance with the standard in accordance with the procedural rules
of the standards development organization. If more than one interpretation of the literal text has been
identified, a revision is to be proposed as soon as possible to each of the standards development
organizations to more accurately reflect the intent.
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Uninterruptible Power Systems

1 General

1.1 Scope
Replace this

1.1.1

clause of the RD with the following:

Equipment covered by this Standard

This Standarld applies to UNINTERRUPTIBLE POWER SYSTEMS (UPS). The primary function ofit

Standard is t
also serve td

Standard is applicable to movable, stationary, fixed, and built-in ups for distribution)system

a.c. This equ
CSA C221,
for the Prote

This Standand specifies requirements intended to ensure safety for the OPERATOR and, whe

stated, for SH

This Standa
equipment,
and maintain

1.1.2 Additional requirements

In addition tg
CAN/CSA-C
Equipment —
will be used
requirements

Engine-drive
units are inve

UPS that em

b ensure continuity of an alternating power source. The UNINTERRUPTIBLE POWE
improve the quality of the power source by keeping it within specified charag

ipment is designed to be installed in accordance with the Canadian®Electrical
br the National Electrical Code, ANSI/NFPA 70, and, unless otherwise identified,
ttion of Electronic Computer Data-Processing Equipment, ANSI/NFPA 75.

RVICE PERSONNEL.

d is intended to reduce the risk of fire, electric' shock, or injury to persons
oth as a single unit or as a system of intereonnected units, subject to installi
ing the equipment in the manner prescribed by the manufacturer.

the requirements in this Standard, a UPS is to comply with the UPS-relevant re
P2.2 No. 60950-1/UL 60950-1, March 2007, second edition, Informatior
Safety — Part 1: General_requirements (RD), as applicable for the country whe
Wherever there is @ _conflict between the requirements of this Standard ang
of this Standard wilkprevail.

h d.c. power.generators intended to provide backup power for the battery supply
stigated_for-compliance with the requirements of UL 2200, and CSA C22.2 No. 1

ploy. hospital grade components identified by the markings "Hospital Only", "Ho|
jot_on the BoDY of the component, or otherwise implying suitability for meg

or a green

Iie uPs for this

SYSTEM may
teristics. This
5 up to 600 V
Code, Part |,
the Standard

re specifically

rom installed
g, operating,

quirements of
Technology
e the product
the RD, the

circuit of UPS
00.

spital Grade”,
ical use, are

evaluated to the requirements of this Standard and CAN/CSA-C22.2 No. 60601-1/UL 60601-1.

Requirements additional to those specified in this Standard may be necessary for equipment intended for
use where ingress of water is possible; for guidance on such requirements and on relevant testing, see
Annex LLL and Annex T/RD.

1.1.3 Exclusions

These requirements do not cover UPS units for use as legally required standby systems, described in
Article 701 of the National Electrical Code, ANSI/NFPA 70, and emergency power supply described in
Section 46 of the Canadian Electrical Code, Part I, CSA C22.1. See Annex LLL.

Where considered appropriate, revision of requirements will be proposed and adopted in conformance
with the methods employed for development, revision, and implementation of this Standard.
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NOTE 1: For equipment subject to transient overvoltages exceeding those for Category Il according to IEC 60664, additional
protection might be necessary. Such additional protection may be located in the AC MAINS SUPPLY to the equipment or in the
equipment as an integral design feature.

NOTE 2 Where the additional protection is an integral part of the equipment insulation requirements, CREEPAGE DISTANCES and
CLEARANCE distances from the mains through to the load side of the additional protection may be judged as Category Il or IV as
required. All insulation requirements, CREEPAGE DISTANCES, and CLEARANCE distances on the load side of the additional

protection may be judged as Category | or Il as required.

1.1.4 Additi

onal applications

This Standard does not cover all types of UPS, but it may be taken as a guide for such equipment.

Requirements additional to those specified in this Standard are in some cases necessary for specific
applications, ¢.9.,
a) eqyipment intended for operation while exposed to conditions such as extremes of temperature;
excessive dust, moisture, or vibration; flammable gases; or corrosive or explasive atmpspheres;
b) UP$ equipment based on rotary machinery;
c) UPB equipment meeting emergency lighting and power requirements as specified in UL 924;
and central power system described in CSA C22.2 No 141-10.
Additional subclause:
1.1.101 Nofmative references
Any undated|reference to a code or standard appearing in the requirements of this Standard shall be

interpreted as

Products cov
noted (in Anr
intended for
standards for|

For products
1.2 Definiti

The provision

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

bred by this Standard are to_comiply with the reference installation codes and
ex lll) as appropriate for the country where the product is to be used. When t
use in more than one (ountry, the product is to comply with the installatio
all countries where it is intended to be used.

ntended for usetin-Canada, general requirements are given in CAN/CSA-C22.2
bns

s of 1.2/RD apply, together with the following:

standards as
he product is
h codes and

No. 0.

Addition:

For the purpose of this Standard, the following definitions apply. Where the terms “voltage” and “current”
are used, they imply the rms values, unless otherwise specified.

NOTE: Care should be taken that measuring instruments give a true rms reading in the presence of non-sinusoidal signals.

Definitions in alphabetical order

Accessory equipment, field-installable 1.2.1.113
Active output power, rated 1.2.1.109
Active power 1.2.1.106
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Apparent output power 1.2.1.105
Apparent output power, rated 1.2.1.108
Backfeed 1.2.1.110
Backfeed protection 1.2.1.111
Battery, valve-regulated 1.2.2.104
Battery, vented 1.2.2.105
Brace 1.2.13.103
Branch circuit 1.2.8.101
Bypass 1.2.1.102
Controlled gnvironment 1.2.13.101
Electronic blackfeed protection 1.2.1.112
Load, linear 1.2.2.101
Load, non-linear 1.2.2.102
Load, normal 1.2.21
Power factdr 1.2.1.107
Power failufe 1.2.1.103
Primary power 1.2.1.104
Short-circuif withstand rating 1.2.13:102
Stored enerjgy mode 1.2:2.103
Support 12.13.104
Uninterruptiple power system (UPS) 1.2.1.101
1.2.1 Equipment electrical ratings
Additional ddfinitions:
1.2.1.101 UNINTERRUPTIBLE.POWER SYSTEM (UPS) : Combination of converters, switches| and energy
storage devites (such as, batteries), constituting a power system for maintaining continuity of power to
load in case pf input POWER FAILURE.
1.2.1.102 gyrrass-2Power path alternative, either internal or external, to the uPs.
1.2.1.103 PewERFAIURE—=Aryvariatieninpowersupply-that-canecauseunraceeptableperformance of

the load equipment.

1.2.1.104 PRIMARY POWER : Power that is normally available, as supplied by an electrical utility company

or by a USER'S generator.

1.2.1.105 APPARENT OUTPUT POWER : The product of the rms output voltage and rms current.

aload in VA or kVA, with a specified POWER FACTOR.

It is given for

1.2.1.106 ACTIVE POWER : Sum of the electrical power at the fundamental frequency and the powers of

each harmonic component from the output terminals, in W or kW.

1.2.1.107 POWER FACTOR: Characteristic of an a.c. load expressed as the ratio of ACTIVE POWER to

apparent power.
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1.2.1.108 RATED APPARENT OUTPUT POWER : Apparent output power as declared by the manufacturer.
1.2.1.109 RATED ACTIVE OUTPUT POWER : Active output power as declared by the manufacturer.

1.2.1.110 BACKFEED : The condition in which HAZARDOUS VOLTAGE or energy available within the UPS is

fed back to any of the input terminals, either directly or by a leakage path, when operating in the STORED
ENERGY MODE with PRIMARY POWER disconnected.

1.2.1.111 BACKFEED PROTECTION : The method used to reduce the risk of electric shock due to BACKFEED.

1.2.1.112 ELECTRONIC BACKFEED PROTECTION : BACKFEED PROTECTION that does not employ an air gap.

1.2.1.113 FIELD-INSTALLABLE ACCESSORY EQUIPMENT : Equipment intended to modify the URS construction
or function. Such equipment is typically installed in the field by service personnel.

1.2.2 Opergting conditions
Replace this gefinition of the RD with the following:

1.2.2.1 NORMAL LOAD : The mode of operation that approximates‘as closely as possijle the rated
conditions of hormal use in accordance with the manufacturer's operating instructions.

NOTE For examples of NORMAL LOAD conditions for UPS equipment, see Annex BBB.
Delete this ddfinition in the RD:

1.2.2.3 RATHD RESTING TIME

This definition) is not applicable. Any reference.to RATED RESTING TIME in the RD is not applicable.
Additional definitions:

1.2.2.101 LINEAR LOAD : A loadin which the current drawn from the supply is defined by the following
relationship:

I=U/Z

where:

| =load current
U = supply voltage
Z = load impedance

1.2.2.102 NON-LINEAR LOAD : A load in which the parameter Z (load impedance) is no longer a constant
but is a variable dependent on other parameters, such as voltage or time (see Annex BBB).

1.2.2.103 STORED ENERGY MODE : The operation of the urPs when supplied by the following conditions:
a) PRIMARY POWER is disconnected or is out of a given tolerance;

b) battery stored energy source being discharged;


https://ulnorm.com/api/?name=UL 1778 2024.pdf

APRIL 3, 2024 CSA C22.2 No. 107.3-14 ¢ UL 1778 13

c) load is within the given range; and

d) output voltage is within the given tolerance.

1.2.2.104 BATTERY, VALVE-REGULATED : A battery in which the venting of the products of electrolysis is
controlled by a reclosing pressure-sensitive valve.

1.2.2.105 BATTERY, VENTED : A battery in which the products of electrolysis and evaporation are allowed
to escape freely to the atmosphere. Also known as "flooded" or "wet".

1.2.8 Circuits and circuit characteristics

Ad(ditional ddfinitions:

1.2.8.101 BRANCH CIRCUIT : The portion of the building wiring system beyond the fingl overcurrent

protective dgvice on the power-distribution panel that protects the circuit to the\field-wiring terminals of
PERMANENTLY CONNECTED EQUIPMENT or the receptacle outlet of PLUGGABLE EQUIPMENT TYPE A or
PLUGGABLE ERQUIPMENT TYPE B.

1.2.13 Misg¢ellaneous
Additional dgfinitions:

1.2.13.101 |CONTROLLED ENVIRONMENT : An environment thabis an indoor, temperature-regulated location
such as a computer room, office, or factory floor that is relatively free of conductive contaminants such as

carbon dust and the like.

1.2.13.102 [SHORT-CIRCUIT WITHSTAND RATING _:\"The highest current at rated voltage that a device is
intended to ipterrupt under standard test conditions.

NOTE: Equipmgnt intended to interrupt current af otheer than fault levels may have its interrupting rating implied in other ratings, such
as horsepower @r locked rotor current.

1.2.13.103 [|BRACE : A mechapical assembly that is secured to bus bars to restrict relative motion between
the bus bars

1.2.13.104 [suPPORT<A-mechanical assembly that is secured to bus bars and that is furthef secured to a
rigid structurél member such as the enclosure or a separate member secured to the framework.

1.3 Genergl'requirements

The provisions of 1.3/RD apply, together with the following:
Additional subclause:

1.3.101 The frame or chassis of the equipment shall not be used to carry current other than the allowable
touch current as determined in the test specified in 5.101/RD.

NOTE The frame or chassis connected to protective earth may carry current during the abnormal operating and fault conditions
described in 5.3 and the abnormal tests in Annexes B/RD and C/RD and Annex AAA of this Standard.
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1.4 General conditions for tests

The provisions of 1.4.1/RD, 1.4.2/RD, 1.4.3/RD, 1.4.4/RD, 1.4.5/RD, 1.4.6/RD, 1.4.7/RD, 1.4.8/RD,
1.4.10/RD, 1.4.11/RD, 1.4.12/RD, 1.4.13/RD, 1.4.14/RD and 1.4.15/RD apply, together with the following:

1.4.1 Application of tests
Addition:

Only the leakage current (TOUCH CURRENT) and heating tests shall be performed at input tolerances.
Except as noted in other clauses of the Standard, tests shall be conducted at nominal input voltages.

1.4.10 Loading configuration of the EUT
Addition to firgt paragraph:
— loadp due to recharging batteries;
Additional subclause:
1.4.15.101 Routine tests
Each productfon unit shall be subjected to the test requirements specified in Annex PPP.
1.5 Compohents

The provisiofs of 1.5.1/RD, 1.5.2/RD, 1.5.3/RD)1.5.4/RD, 1.5.5/RD, 1.5.6/RD, 1.5.7/RD| 1.5.7.1/RD,
1.5.7.2/RD, 15.7.3/RD, and 1.5.8/RD apply, tagether with the following:

1.5.1 Genefal
Add the following text to the last paragraph of this subclause:

Except as indlicated in 1.5, '‘a/component of a product covered by this Standard shall comply with the
requirements|for that component. See Annex |l for a list of Standards covering components generally
used in the products govered by this Standard. A component shall comply with CSA Group or[Underwriters
Laboratories |nc. Standards, as appropriate for the country where the product is to be used.

Additional subclauses:

1.5.101 OQil-filled and inverter storage capacitors shall comply with the requirements of Annex AAA.
1.5.102 Batteries shall comply with the requirements of 4.3.8.101.

1.5.103 Power switching devices shall comply with the requirements of Annex AAA.

1.5.104 Relays shall comply with the requirements of Annex AAA.

1.5.105 Static transfer devices shall comply with the requirements of Annex AAA.

1.5.106 BYPASS/maintenance BYPASS devices shall comply with the requirements of Annex AAA.
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1.5.107 Capacitors or EMI filters connected across the AC MAINS SUPPLY shall comply with the
requirements for across-the-line capacitors in UL 60384-14 or CSA E60384-14 , UL 810 or CSA C22.2 No.
190, and UL 1283 or CSA C22.2 No. 8, or the test specified in 5.2.101 of this Standard.

1.5.108 FIELD-INSTALLABLE ACCESSORY EQUIPMENT

1.5.108.1 FIELD-INSTALLABLE ACCESSORY EQUIPMENT shall be constructed so that it does not present any
hazard specified in this Standard. FIELD-INSTALLABLE ACCESSORY EQUIPMENT shall be installed per
manufacturer instructions and, once installed, shall not present any hazard specified in this Standard.

1.5.108.2 The installation of FIELD-INSTALLABLE ACCESSORY EQUIPMENT by an operator shall be restricted
to an arrangemen i } i ufacturer and

electrically by means of plug-in connections to receptacles available on the basic unit or'ag a part of the
building wiring.
1.5.108.3 Tlhe installation of FIELD-INSTALLABLE ACCESSORY EQUIPMENT by qualified service personnel
shall be such that:
a) The mechanical positioning can be accomplished by means of regular tools normally available at
installation or by means of special tools provided as a part of the installation kit by the organization
responsible for the product; and
b) The electrical connections can be readily accomplished by making use of existing ferminals and

conngctions in the unit wherever possible.

1.5.108.4 The requirement in 1.5.108.3 does not preclude the addition or removal of components or
insulated conlductors or rerouting of insulated conductors to accomplish the desired change as long as the
alterations in|the unit wiring:

a) Can be accomplished by the usexof materials and reference to instructions, both of which are

furnished as part of the accessory-egquipment kit and conversion-unit kit; and

b) Do ruction of the

syste

not require the use of makeshift or substitute parts not used in the basic cons
m.

T or related to
encountered

1.5.108.5 All wiring provided’as a part of an item of FIELD-INSTALLABLE ACCESSORY EQUIPMEN
its installatiof shall be aeceptable for use at the highest voltage and temperature that can be
in the area infwhich theire is to be installed.
1.5.108.6 F truction and
performance

ELD-INSTALLABLE ACCESSORY EQUIPMENT shall
requirements of this Standard

meet the applicable cong

1.5.108.7 FIELD-INSTALLABLE ACCESSORY EQUIPMENT marking

1.5.108.7.1 Each piece of FIELD-INSTALLABLE ACCESSORY EQUIPMENT shall be marked with the
manufacturer's name, trademark, or other descriptive marking by means of which the organization
responsible for the product can readily be identified and with a distinctive catalogue nhumber or equivalent
identification. Alternatively, the marking for a piece of FIELD-INSTALLABLE ACCESSORY EQUIPMENT may be on
the package.

1.5.108.7.2 FIELD-INSTALLABLE ACCESSORY EQUIPMENT intended to be installed by an operator shall be
marked to indicate the unit for which it is intended or shall be marked with a reference to an instruction

manual that tabulates the units for which it is intended. Additionally, FIELD-INSTALLABLE ACCESSORY
EQUIPMENT shall include instructions on or packed with the equipment such that the FIELD-INSTALLABLE
ACCESSORY EQUIPMENT can be properly mounted on and interconnected with the basic unit.
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1.5.108.7.3 FIELD-INSTALLABLE ACCESSORY EQUIPMENT intended to be installed by service personnel and
FIELD-INSTALLABLE ACCESSORY EQUIPMENT shall include instructions either on or packed with each piece of
FIELD-INSTALLABLE ACCESSORY EQUIPMENT. The instructions shall provide a detailed sequence of the

mechanical and electrical steps that are necessary for proper installation and operation.

1.6 Poweri

nterface

The provisions of 1.6.1/RD, 1.6.2/RD, and 1.6.4/RD apply, together with the following:

Ad(ditional subclause:

1.6.1.101

Telecommunication UPS intended for either permanent or cord connection to single or

polyphase 60

1.6.1.101.1
copper bondi

a) bon

b) bon

D V nominal or less ac supply

ng or grounding conductors as follows:
ding to the cable suspension strand or support wire on the pole;

ding to the ac input power-system grounded neutral; and

c¢) grolinding to the ground rod.

1.6.1.101.2
copper bondi

a) bon

b) gro

1.6.2 Input

Additional sul

1.6.2.101 W
input current

a) Re
delive

b) Stol

All pedestal-mounted CATV UPS enclosures shall. have provision for connectin
ng or grounding conductors as follows:

ding to the ac input power-system grounded neutral; and

inding to the ground rod.
current
pclauses:

hile supplying rated" output under each of the conditions described in ltems (
Shall not be more than 110 % of the rated value:

charging<mede: The UPS shall receive power from the PRIMARY POWER
ing maximum rated alternating current power and the battery charging current.

All pole-mounted CATV UPS enclosures shall have provision for connecting three 6 AWG

y two 6 AWG

a) to (d), the

source while

red\energy mode: For a UPS used with a remote battery, while simulating PRl

outage

MARY POWER
battery bank

or an external dc source of supply and shall be allowed to deliver maximum rated alternating
current power. The input dc current shall be measured.

c) BYPASS mode: The transfer switch shall be positioned to allow the PRIMARY POWER for the output
load to bypass the rectifier/charger and inverter sections of the UPS and be delivered directly to the
load adjusted to draw maximum rated alternating current power.

d) Normal mode: With a fully charged battery, the UPS shall receive power from the PRIMARY
POWER source and deliver maximum rated alternating current power.

1.6.2.102 With reference to 1.6.2.101 (a), the battery charging circuit shall be connected to one of the

following:
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a) a resistive-capacitive (RC) load having capacitance of 1000 microfarads per output dc ampere
rating of the battery supply;

b) a battery supplemented with a resistive load bank; or

¢) a battery having an ampere-hour (watt or kilowatt) and voltage rating corresponding to that which
is intended to be used with the UPS.

1.6.2.103 If a battery load is used as described in 1.6.2.102 (c), the battery shall be prepared for
charging by first connecting it to the proper load and then discharging it to the low-voltage disconnect
(LVD) potential, or 80 % of the float charging voltage rating of the battery for a UPS having a low-voltage
disconnect lockout, at a rate not exceeding the discharge rate assigned by the battery manufacturer.

1.7 Markian and instructions

The provisigns of 1.7.1/RD, 1.7.2/RD, 1.7.4/RD, 1.7.5/RD, 1.7.6/RD, 1.7.7/RB; 1.7.8/RD, 1.7.9/RD,
1.7.10/RD, 1|7.11/RD, 1.7.12/RD, 1.7.13/RD, and 1.7.14/RD apply, together with the following:

Additional N¢te:

NOTE 101 In Canada, there are two official languages: English and French. AnnexdJJ provides examples of Frengh translations of
the on-product markings specified in this Standard. Markings required by this Standard may have to be provided inf other languages
to conform with fhe language requirements of the country where the product is t6 be-Used.

1.7.1 Power rating
Additional pgragraph:
The marking|shall include the following:

a) number of phases, unless intended for single phase only;
b) RATED ACTIVE OUTPUT POWER;In W or kW;

C) RATED APPARENT OUTPUT POWER, in VA or kVA;

d) rated output valfage;

e) rated output current;

f) ratdd output frequency;

g) where applicable, short-circuit withstand rating (see 5.101); and

h) if appropriate, the unbalanced load capability.
New subclauses:

1.7.1.101 One of the following markings shall be placed on units that exceed the maximum output
voltage harmonics when measured in accordance with Annex DDD:

a) NOTICE: The output of this device is not purely sinusoidal. It has a nominal total voltage
harmonic distortion of percent, with the nominal value of the largest single voltage harmonic
of percent.

b) NOTICE: For use with loads.
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¢) NOTICE: Only for use with manufacturer: ; model:

For the marking in item (b), the generic type of load shall be inserted in the blank space provided.
Examples of such generic load types include computer loads and information processing loads.

1.7.1.102 For units designed with additional separate automatic BYPASS/maintenance BYPASS, additional
input a.c. supply, or external batteries, relevant supply ratings shall be allowed to be specified in the
accompanying installation instructions. Where this is done, the following instruction shall appear on or

near the point of connection:

SEE INSTALLATION INSTRUCTIONS BEFORE CONNECTING TO THE SUPPLY

Compliance i.

1.7.1.103 In
and the NEC
receptacles,
permanently
hazard will re

171104 T
is readily visi
manufacturer

a) rep

b) req
manuf
1.7.1.105

In

5 determined by inspection.

dustrial-type output receptacles with standard configurations according 'fo the|

may have output voltage, frequency, or types of current different, from the
provided that a highly visible marking indicating the voltage,Nrequency, ar
applied adjacent to each output receptacle or group of output receptacles,
sult from a misunderstanding of the intended output rating. See’Annex LLL.

ne date of manufacture shall be plainly and permanently marked on a unit such
ble after installation of the unit. This date may bec@abbreviated, or in a code afi
provided that the code does not

pat in less than 20 years; and

Lire reference to the production records-of the manufacturer to determine when
actured.

Canada, when a CATV UPS,is*used by public utilities, the following marking

shall appear ¢n the UPS:

“This UPS is
Code, Part I,

The following

“This unitis in

for use with telephone equipment in accordance with section 60 of the Canad|
hnd is subject to inspection by an inspector”.

marking shalllappear on all CATV UPS:

tended.for connection to pole-mounted or underground amplifiers”.

CATV UPS t

CEC, Part |
rating of the
d current is
such that no

that the date
irmed by the

the unit was

DOr equivalent

jan Electrical

at\are not provided with a separate enclosed service switch or circuit breaker c

mplying with

CSAC22.2N

0.4 or CSA C22.2 No. 5 shall be marked with the following or equivalent:

“In order to comply with the Canadian Electrical Code, Part I, disconnecting means for the CATV UPS shall
be marked as being suitable for use as service equipment”.

1.7.1.106 Terminals intended for connection of batteries shall indicate the polarity according to IEC
60417, or be so constructed as to prevent improper connection.

1.7.2 Safety instructions and marking

Additional subclauses:
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1.7.2.101 Ambient temperature

The maximum ambient operating temperature shall be indicated in the instruction manual.

1.7.2.102 Signalling circuits

Information shall be provided in the installation instructions as to the purpose and connection of any
signalling circuits, relay contacts, emergency power off (EPO) circuits, etc. Attention should be drawn to
the necessity of maintaining the security of any SELV CIRCUIT when connected to other equipment.

1.7.2.103

Internal circuit configuration

Installation in
the UPS, to 6

Special atten
1.7.2104 C
The informa

supply/cabin

be used for
BYPASS cabin

in the instruc|
IMPORTANT

a) S/

tion in items (a) — (s), as appropriate, shall be proyvided for a UPS, a re

structions shall carry sufficient information, including the basic internal circuit'cqg
mphasize its compatibility with power distribution systems (see Annex V/RD).

tion shall be given to compatibility with the relevant wiring rules and|to.BYPASS ci

seneral instructions

bt assembly, and a maintenance BYPASS cabinet assembly. A single installatior

a UPS investigated in combination with a remote battery supply/cabinet or
et assembly. The information in items (c) — (s) may. be marked on the unit in lieu

lion manual.
SAFETY INSTRUCTIONS

\WVE THESE INSTRUCTIONS —_ This manual contains important instruction
that should be*followed during installation and maintenance of

battellies. (Blank space is to be filledin with appropriate model numbers.)

NOTE:

b) If
shipp

termipal assemblies. are for use with the UPS.

c) Wi
includ
marki

pressure terminal~connectors or the fastening hardware is not provided on
bd, the instruction”manual shall indicate which pressure terminal connector ¢

th referénce to item (b), the terminal assembly packages and the instruction
e infarmation identifying wire size and manufacturer’s name, trademark, or oth
hg'bywhich the organization responsible for the product can be identified.

If the instructions are exactly the’same for all models, specific model numbers need not be specified.

nfiguration of

rcuits.

mote battery
manual may

maintenance
of providing it

s for Models
the UPS and

the UPS as
r component

manual shall
er descriptive

d) If a pressure terminal connector provided in the unit or in a terminal assembly for a field installed
conductor requires the use of other than an ordinary tool for securing the conductor, identification of
the tool and any necessary instructions for using the tool shall be included in the instruction

manu

al.

e) A unit provided with a wire connector for field installed wiring shall be provided with instructions
specifying that the connector provided is to be used in making the field connection.

f) A unit employing pressure terminal connectors for field wiring connections shall be provided with
instructions specifying a range of values or a nominal value of tightening torque to be applied to the
clamping screws of the terminal connectors.

NOTE:

The torque range of connectors investigated to the following standards are assumed to apply:

i) UL 486A-486B and CSA C22.2 No. 65; or
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ii) UL 486E or CSA C22.2 No. 65.

g) The instruction manual for stationary and portable units having multiple input voltage ratings
shall include information indicating the type of attachment plug that is to be used for connection to a
voltage supply other than what the UPS is set for when it is shipped from the factory.

h) The instruction manual for a UPS that exceeds the temperature limits of Table 4C/RD shall
specify that the unit is to be installed so that it is not likely to be contacted by people.

i) The instruction manual for a UPS shall contain complete instructions concerning proper selection
of the power supply cord when the UPS is intended for use with an appliance coupler and is not
provided with a detachable power cord.

j) Instuctions for field assembly of modules of a modular unit, including an interconn

diagr

k) Rern

m, shall be either
1) packaged with the modules; or

2) contained in the instruction manual, provided that the marking on the m
reference to the instruction manual.

hote dc sources, including batteries, not provided with overcurrent protection, s

statenpent in the installation instruction manual indicating<that overcurrent protec

provid

1) UPS
includ
be pro

m) Th
of con
conne

n) For
inform

ed by others. See 2.7.101.

b with permanently connected ac outputs, not\provided with overcurrent pro|

vided by others.

b instruction manual shall include infofmation identifying the number of conductd
ductor sizes for a unit having a single equipment field-wiring terminal that is
ction of more than one conducter:

a unit provided with field*wiring terminals or leads, the instruction manual sha

1) intended for use*on a supply circuit rated 110 A or less; or

2) intended far-field connection with 1 AWG (42.4 mm?) or smaller conductors.

ection wiring

bdule makes

hall include a
ion is to be

fection, shall

b a statement in the installation instruction manual indicating that overcurrent protection is to

rs and range
intended for

Il include the

ation indicated in Row 1,2; 3, or 4 of Table 1.7.2.104 , or with equivalent wording, if it is
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Table 1.7.2.104
Termination markings

Temperature rating of wire that is Copper conductors only Aluminum conductors or copper-clad
intended to be used for connection of conductors
the unit
Row 1
. "Use either AWG, 60°Cor____ "Use 60 °C wire, either ___ AWG copper
60 or75°C AWG, 75 °C copper wire " or ___ AWG aluminum; or 75 °C wire,
either __ AWG copperor___ AWG
aluminum"
Row 2
6626 “Hee——AWG-60-C-copper-wire- USE60~CWirsaither—]_ AWG copper
or ___ AWG aluminum!
Row 3
75°C "Use ___ AWG, 75 °C copper wire " "Use 75 °C wire, either | AWG copper
or ____ AWG\aluminum"
Row 4
90 °C "Use ___ AWG, 90 °C copper wire" "Use 90 °C wire, either | AWG copper
or =~ AWG aluminum "

o) For a unit provided with field-wiring terminals or leads,\the instruction manual shall include the
infornmpation indicated in Row 3 or 4 of Table 1.7.2.104 ,orwith equivalent wording, if it|is

1) intended for use on a supply circuit rated,more than 110 A; or
2) intended for field connection with conductors larger than 1 AWG (42.4 mm?),

p) If applicable, the instruction manuakshall include a statement indicating that Qlass 1 wiring
meth¢ds are to be used for field wiring{connections to terminals of a Class 2 circuit.

q) the instruction manual for a uhit-investigated for use in a CONTROLLED ENVIRONMENT[shall indicate
that the unit is intended for installation in a temperature-regulated, indoor area that is [relatively free
of conductive contaminants,

r) If an abnormal test-is terminated by operation of the intended BRANCH CIRCUIT overcurrent
prote¢tive device; or.if the a.c. input overcurrent protection is relied upon for protecfion of an a.c.
output receptacle; the instruction manual for a unit thus described shall include the word
"CAU[TION" angd' the following or equivalent: "To reduce the risk of fire, connect only to a circuit
proviged with A maximum branch circuit overcurrent protection in accordance with the
Natiopal Electr/ca/ Code ANSI/NFPA 70 and the Canad/an E/ectrlcal Code Part 1,/C22.1". (The
blank-space v HHT overcurrent
protect/on)

s) Instructions shall be provided that explain how to install a remote shunt-trip circuit breaker for a
unit that is intended to be used with this type of breaker.

t) The instruction manual for a UPS intended to be used with a remote battery supply that is not
provided with the UPS shall make reference to the battery manufacturer's installation manual for
battery installation and maintenance instructions.

1.7.2.105 Installation instructions for CATV UPS
The instruction manual for a UPS intended to supply power to cable TV equipment shall include the

instructions for proper installation. The text of these instructions shall appear under the heading
“Installation Instructions”.
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1.7.2.106 Installation instructions for modular units

Individual modules of a modular unit may be of the open construction type — either no enclosure or a
partial enclosure is supplied — provided that when the modules are assembled together in the field as
intended, the unit enclosure complies with the requirements in this Standard and in the RD. Identification

of the modules and instructions for assembling shall be provided.

1.7.8 Contr

ols and indicators

1.7.8.3 Symbols

Additional pa
Safety symbg
1.7.13 Repl
Additional suf
1.7.13.101

Battery cabi
upon the bat
seen by SERYV|

L.
ayl apri.
Is and their meanings are shown in Annex CCC.
laceable batteries

pclauses:

arking requirements for batteries located in a SERVICE'ACCESS AREA

ts or compartments shall be provided with the féllowing clearly legible infor|
ery cabinet or compartment of stationary batteries, in such a position that it ¢
CE PERSONNEL before accessing the battery gompartment:

a) batiery manufacturer name, catalogue number, and number of batteries;

b) non

pinal voltage of total battery string;

¢) nonpinal capacity of total battery, string;

d) a g
handli

e) for
"CAUT
isolate
before

aution label denoting an-energy and chemical hazard and reference to the
ng and disposal instructions for the safety of SERVICE PERSONNEL;

a UPS having(a,battery supply without transformer isolation, a label contain
[ION" and thé\following warning or equivalent: "Risk of Electric Shock — Battery
d from acinput, hazardous voltage may exist between battery terminals and
touching)"

1.7.13.102 qnstructions

mation, fixed
An be clearly

maintenance

ng the word
Circuit is not
ground. Test

1.7.13.102.1

Internally mounted battery

Instructions shall carry sufficient information to enable the replacement of the battery with a suitable

manufacturer

and catalogue number.

Safety instructions to allow access by SERVICE PERSONNEL shall be stated in the installation/service

handbook.

If batteries are to be installed by SERVICE PERSONNEL, instructions for interconnections, including terminal
torque, shall be provided.
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1.7.13.102.2 Externally mounted battery
Installation instructions shall state voltage, ampere-hour (watt or kilowatt) rating, charging information,
method of protection, and maximum fault current required on installation to coordinate with UPS protective

devices.

Where the battery is not provided by the UPS manufacturer, the installation and maintenance instructions
shall be provided by the battery manufacturer.

1.7.13.103 External battery cabinets

External batiery—cabinets—stpplie rave—adeqtate-instattation—instructions to define
cable sizes fpr connection to the UPS. Installation instructions for the battery shall be providgd by the UPS
battery manJfacturer.

A, S TE ST a

1.7.13.104 [Installation or replacement of batteries located in an OPERATORACCESS AREA
The batterieq shall be of a sealed or valve-regulated type.

Reverse corlnection of the terminals shall be prevented if reverse cehnection could result in a hazard
within the mganing of this Standard.

The OPERATQR manual shall include the following instructions-for battery replacement and disposal:

When replac|ng batteries, replace with the same numbgrof the following battery: | (The blank
space shall be filled with the manufacturer’s name and the model number of the batteries used with the
equipment.)

CAUTION: Risk of energy hazard, v, Ampere-hour (watt or kilowatt) battery. Before
replacing bafteries, remove conductive jewelry such as chains, wrist watches, and rings.| High energy
through conductive materials could cause severe burns.

CAUTION: Do not dispose of batteries in a fire. The batteries may explode.

CAUTION: Do not open ormutilate batteries. Released material is harmful to the skin and eyes. It may be
toxic.

1.7.13.105 |Installation or replacement of batteries located in a SERVICE ACCESS AREA

Bare parts that involve an energy hazard shall be located, enclosed, guarded, or provided with a barrier to
take into account the unintentional bridging by conductive materials that might be present during service
operations.

Bare parts operating at a HAZARDOUS VOLTAGE level shall be located or guarded such that unintentional
contact with such parts is unlikely during servicing operations involving other parts of the equipment.

The service manual shall include the following instructions for battery replacement and disposal:

Servicing of batteries should be performed or supervised by personnel knowledgeable about batteries and
the required precautions.

When replacing batteries, replace with the same type and number of batteries or battery packs.
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CAUTION: Do not dispose of batteries in a fire. The batteries may explode.

CAUTION: Do not open or mutilate batteries. Released electrolyte is harmful to the skin and eyes. It may
be toxic.

CAUTION: A battery can present a risk of electrical shock and high short-circuit current. Contact with any
part of a grounded battery can result in electrical shock. The following precautions should be observed
when working on batteries:

a) Remove watches, rings, or other metal objects.

b) Use tools with insulated handles

c) Wear rubber gloves and boots.
d) Do hot lay tools or metal parts on top of batteries.
e) Disgonnect charging source and load prior to installing or maintainingthe battery.

f) Remove battery grounds during installation and maintenance\to reduce likelihopd of shock.
Remoye the connection from ground if any part of the battery is determined to be grounded.

1.7.13.106 YENTED BATTERIES

UPS having JENTED BATTERIES shall have an additional caution in the manual describing the gafe methods
of handling VENTED BATTERIES.

2 Protection from hazards
The provisions of 2/RD apply, together with the-following.
2.1 Protectjon from electric shockand energy hazards

The provisiops of 2.1.1/RD, 25-4.1/RD, 2.1.1.2/RD, 2.1.1.3/RD, 2.1.1.4/RD, 2.1.1.5/RD) 2.1.1.6/RD,
2.1.1.7/RD, 2{1.1.8/RD, 2.1.2/RD, and 2.1.3/RD apply, together with the following additions.

Additional subclauses:

2.1.101 BAGQKFEED.PROTECTION

HAZARDOUS VOLTAGE andforenergy shattmotappear o the—acinput termimatsumndertheTondition of a
single fault on a component (such as in the control circuit) upon loss of the a.c. input voltage.

For fixed-installation UPS, BACKFEED PROTECTION may be provided internally or externally to the UPS in
the a.c. input line.

When a BACKFEED PROTECTION isolator is external to the UPS, the supplier shall specify in the installation
instructions the suitable isolating device to be used.

The upPs shall be tested as specified in 2.1.102. No shock hazard shall exist at the a.c. input when
measured 1 s after de-energization of the a.c. input line if the equipment is PLUGGABLE TYPE A, or 15 s if
permanently connected or PLUGGABLE TYPE B.
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2.1.102 The UPS shall be operated with an a.c. power output current at no load and full load and with a
single fault applied to the component being investigated. The fault placed on the component shall simulate
the failure mode of that component. The a.c. input line shall then be disconnected and any BACKFEED
measured.

Compliance is checked by inspection of the equipment and relevant circuit diagram and by simulating fault
conditions according to 5.3.7/RD and other sections of this Standard, such as Annex FFF.

2.1.103 In the United States the following applies:

A UPS provided with a marking indicating that it is suitable for use in a computer room shall comply with
Annex NAE 3-444/RD.

2.6 Provisions for earthing and bonding
2.6.3 Protdctive earthing conductors and protective bonding conductors
2.6.3.3 Size of protective bonding conductors

Replace Table 2D/RD with the following:

Table 2.6.3.3
Minimum size of conductérs for bonding

Ampacity ¢f largest ungrounded Size of bonding conductor
c?:f ;Ztltt)irpilr;t’:‘:}::gu;;z;Egtu ;‘r’:,lint Copper wire, AWG or kcmil Aluminum wire, AWG or kcmil

20 14 12

30 12 10

40 10 8

60 10 8

100 8 6

200 6 4

300 4 2

400 3 1

500 2 1/0
600 1 2/0
800 1/0 3/0
1000 2/0 4/0
1200 3/0 250 kemil
1600 4/0 350 kemil
2000 250 kemil 400 kemil
2500 350 kemil 500 kcmil
3000 400 kemil 600 kemil
4000 500 kemil 800 kemil
5000 700 kemil 1000 kemil
6000 800 kemil 1250 kemil

NOTE: Refer to Annex EEE and Annex V/RD for grounding supplied from separately derived a.c. sources.
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2.6.3.4 Res

Replace item

istance of earthing conductors and their terminations

b) of the RD with the following:

b) For equipment powered an AC MAINS SUPPLY, if the PROTECTIVE CURRENT RATING of the circuit
under test exceeds 16 A, the test current is 200% of the PROTECTIVE CURRENT RATING, up to a
maximum test current of 500 A, and the duration of the test is as shown in Table 2E.

Additional subclause:

2.6.101

Bonding

For Class |
bonding to th

whether the
instructions s

Refer to Anne

A UPS having
the following

"The output a

If local codes
ENCLOSURE.

requirements
2.7 Overcu
2.71 Basic
Additional pa

For compone|
coupler, EMI
devices in the

e UPS from other Class | equipment, including external UPS battery cabinets, ir
JUPS primary protective conductor is disconnected from its source. Any sps
nall be stated in the user’s instructions.

x EEE for grounding supplied from separately derived a.c. soufces.

a separately derived output that is intended to be grounded in the field shall be
Dr equivalent words:

c. circuit is considered as a separately derivedsource".

require grounding of this circuit, use terminal (identify terminal) for bonding this
Sround the ENCLOSURE to a suitable;grounding electrode in accordance wit

rrent and earth fault protection in primary circuits
requirements
[agraphs:

hts in series with the AC MAINS SUPPLY to the equipment, such as the supply co
filter, .and "switch, short-circuit and earth fault protection may be provided
building installation. See Annex LLL.

LUGGABLE EQUIPMENT TYPE A, the UPS shall provide sufficient terminals; eallthed socket-
outlets, or other means to permit, in the final installed system configuration, equipotent

al protective
respective of
cial bonding

marked with

circuit to the
h local code

rd, appliance
Dy protective

AC output overcurrent protection shall be provided. Overcurrent protection need not be provided for
permanently connected equipment when the overcurrent protection is provided by others in the final
installation.

If reliance is placed on protection in the building installation, the installation instructions shall comply with
2.7.1/RD, except that for PLUGGABLE EQUIPMENT TYPE A, the buildings installation shall be regarded as
providing protection in accordance with the rating of the wall outlet, and 2.7.1/RD does not apply.

NOTE: Building overcurrent protection is an acceptable method for protecting PLUGGABLE TYPE A UPS.

If the protection against electric shock of the UPS (see 2.1) relies on residual current devices in the
building installation circuit and the design of the UPS is such that in any normal or abnormal operating
condition a fault current to earth with d.c. component is possible, the installation instructions shall define
(an) appropriate building residual current device(s).
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Compliance

is checked by inspection and functional test.

Additional subclause:

2.7.101

Battery supply circuit overcurrent protection

A battery supply circuit shall be provided with overcurrent and short-circuit protection as follows:

Where the batteries are installed inside the UPS, the battery supply circuit shall be provided with a
protective device located adjacent to the battery connecting means before any component that may fail
short-circuited, such as capacitors, solid-state devices, or similar components.

Where the b
be as indicat

The rating @
conditions dsg

For a UPS tg

be indicated

NOTE: The cufrent rating of the conductors to be connected between the/UPS and battery supply is dete

requirements gi

When the ¢
instructions g

Compliance

2.7102 Ra

The rating o
conditions ds

Compliance
27103 Ty

Overcurrent

htteries are installed outside the UPS, the location of the overcurrent-protectiv
bd above, within the separate cabinet.

scribed in 5.3/RD.

be used with a separated battery supply, the rating of the ‘@vercurrent-protectiv
n the instruction manual.

enin 3.2/RD.

vercurrent-protective device is not provided by the manufacturer, suitab
hall be provided for installation of an overcurrent-protective device.

s checked by inspection and tests.

fing of protective device

scribed in 5.3.1/RDx
s checked by.inspection and tests
be and location of overcurrent protective devices

protection located within the UPS or stationary remote battery cabine

b device shall

f the overcurrent-protective device located internally shall be such as to pirotect against

e device shall

rmined from the

e installation

f the overcurrent protective device located internally shall be such as to pfotect against

I may be a

supplementary Gvercurrent protective device or branch circuit protective device. Overcurrent devices in

permanently

2.8 Safety

connected battery cabinets shall be branch circuit protective devices.

interlocks

Additional subclause:

2.8.101

2.8.1011

Protection of service personnel

General

In addition to the requirements of 2.8/RD, clauses 2.8.101.2 to 2.8.101.8 apply to SERVICE PERSONS who
find it necessary to reach over, under, across, and around an uninsulated electrical part or moving part to
make adjustments or measurements while the UPS is energized.
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2.8.101.2 Covers

Parts at HAZARDOUS VOLTAGE or energy level shall be so arranged and covers so located as to reduce the
risk of electric shock or high current levels while covers are being removed and replaced.

2.8.101.3 Location and guarding of parts

Parts at HAZARDOUS VOLTAGE or energy level and moving parts that involve a risk of injury to persons shall

be located, guarded, or enclosed so as to reduce the likelihood of unintentional contact by a SERVICE
PERSON adjusting or resetting controls, or the like, or performing mechanical functions that may be

performed with the UPS energized, such as lubricating a motor, adjusting the setting of a control with or

without mark

d dial settings, resetting a trip mechanism, or operating a manual switch

2.8.101.4 Parts on doors

Parts at HAZ/

insulated to r¢duce the likelihood of unintentional contact of the live parts by a SERVICE PERSO]

Compliance v
(Figure 2A/RI

2.8.101.5 C

A component
shall be so I
parts that it ig
of electric sh
Access to a ¢

For an adjust
requirement i
uninsulated h
taking into co
is attempted.

This protectio

a) loca

jith 2.8.101.2 to 2.8.101.4 is checked by inspection, measurement, and use of {

D).
pmponent access

that requires inspection, resetting, adjustment; servicing, or maintenance wh
cated and mounted with respect to other,cémponents and with respect to grq
accessible for electrical service functions-without subjecting the SERVICE PERS
bck, HAZARDOUS ENERGY LEVEL, high€urrent, or injury to person by adjacent
bmponent shall not be impeded by-other components or wiring.

ment that is to be made withva-screwdriver or similar TooL when the UPS is e
h 2.8.3/RD necessitates that protection be provided so that inadvertent contact
azardous live parts involving a risk of electric shock or HAZARDOUS ENERGY LEV
nsideration that misalignment of the TOOL with the adjustment can result when a

n shall be provided by

tion ef-the adjustment means away from uninsulated hazardous live parts; or

RDOUS VOLTAGE or energy level, located on the rear side of a door;’shall bg¢ guarded or

N.

he test finger

le energized
unded metal
DN to the risk
noving parts.

hergized, the
ith adjacent
EL is unlikely,
n adjustment

Uy

b) a guiard'to reduce the likelihood that the TOOL will contact with uninsulated live part

Compliance is checked by inspection and, where necessary, by fault simulation.

281016 M

oving parts

Moving parts that can cause injury to persons during service operations shall be located or protected so
that unintentional contact with the moving parts is not likely.

2.8.101.7 Capacitor banks

Capacitor banks shall be fitted with a means of discharge for protection of SERVICE PERSONS. A warning
label shall be added if discharge time exceeds 10 s, stating the time taken to reduce the hazard to a safe
level (not greater than 5 min) (see 1.2.8.5/RD and 1.2.8.8/RD).
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2.8.101.8 Internal batteries

Internal batteries shall be so arranged as to minimize risk of electric shock from inadvertent contact with
terminals, and the interconnection method shall be such as to minimize risk of short-circuiting and electric
shock during servicing and replacement. See 1.7.13.105.

Compliance with 2.8.101.5 to 2.8.101.8 is checked by inspection.

2.9 Electrical insulation

2.9.1 Properties of insulating materials

Additional subclauses:

2.9.1.101 Hor PLUGGABLE EQUIPMENT TYPE B or permanently connected equipment infended to be
installed by $ERVICE PERSONNEL only, and marked as noted in 2.9.1.102, the humidity test |n 2.9.2/RD is
optional.

2.9.1.102 Hquipment on which the humidity test has not been performed shall be labelled "|ntended for a
CONTROLLED ENVIRONMENT". See 1.7.2.104 (q) for instruction manual,requirements.

3 Wiring, donnections, and supply

The provisions of 3/RD apply, together with the following:
3.1 Genergl
3.1.4 Insulgation of conductors
Additional subclause:

3.1.4.101 Insulated conductors+of different circuits within a UPS, including wires in a tefminal box or
compartment, shall be either separated by barriers or segregated and shall be so separated pr segregated
from uninsulated live parts connected to different circuits.

NOTE: For insulated conductors of different circuits, if each conductor is provided with insulation acceptable for the highest of the
circuit voltages, jho barriers or'segregation is necessary.

3.2.5 Powegr.supply cords

Additional subclause:
3.2.5.101 Cord-connected power supplies

Power supplies intended to be cord-connected shall be provided with a suitable length of cord having an
additional conductor for grounding non-current-carrying conductive parts. The cord shall have an ampacity
equal to or greater than the marked input in amperes, and shall be of the hard-usage type except:

a) as required by other clauses of this Standard;

b) a cord for a table-mounted power supply having a mass of 5 kg or less may be Type SV (or
equivalent) provided that the cord is not longer than 1 m.
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3.4 Disconnection from the mains supply

Additional subclause:

3.4.101

Disconnect device — General

A disconnect device shall be provided for the d.c. supply circuits and a.c. power output circuits of a
permanently connected UPS and/or a remote supply/cabinet assembly. This disconnect device shall:

a) ope

b) co

n all ungrounded conductors;

ist of either 2 manually anarated switch or circuit breaker: and
J r I

c) em
under

3.4.102 Constructions without additional disconnect means

The following

a)au
a.c. or

b)ap

that th
marke

3.4.103 Dis|

A disconnect
accessible an

a) be
techng

b) hav
NOTE: Example

—anel

bloy an operating handle that is either accessible from outside of the enclosu
a hinged cover not requiring a tool for opening.

constructions may be provided without additional disconnectmeans:

PS or battery supply having either a cord-and-plug or-receptacle for connection
d.c. circuit; and

ermanently connected UPS or battery supply¢provided with an instruction man

e disconnection means is to be provided bythers and the function of the disca
d for its function. See Annex LLL.

connect device installed in a restricted access location

device installed in a restricted access location as defined in 1.2.7.3/RD i
d shall either

marked “This equipment is only to be installed either in a restricted area or a
logy equipment room?”; or

e the equivalent cautionary statement included in the installation manual.
of a restricted access location are

betrical’equipment room with locked doors accessible only to qualified personnel; and

re or located

to the output

hal indicating
nnect device

5 considered

h information

— an enclosure housing electrical apparatus utilizing removable or sealable covers or bolted doors.

Compliance is checked by inspection.

3.5

Interconnection of equipment

Ad(ditional subclause:

3.5.101 Telecommunication connectors

Telecommunication-type connectors and terminals not intended for connection to the telecommunication
network may be marked "Not for telecommunication (telephone) network" or an equivalent wording, or with
the symbol shown in Annex CCC. The marking shall be located in a readily visible location adjacent to the

connector
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4 Physical

requirements

The provisions of 4/RD apply, together with the following:

41

Stability

Additional paragraph:

This test sha

4.3 Design

Il be applied to the unit with and without batteries.

and construction

4.3.8 BattJries

Additional sy

4.3.8.101 K

4.3.8.101.0
Batteries shs

a) U
Appli

b) UL
lead 4

4.3.8.101.1

Vented batte
portion of th
battery types

belause:

attery requirements
General

Il comply with the following:

| 1973, the Standard for Batteries for Use\.in Stationary and Motive Au
ations; or

1989, the Standard for Valve Regulated or Vented Batteries with Aqueous El
cid batteries for UPS less than 70 kWhs.

Location

ries shall be contained inJa separate enclosure or compartment from the pow
e UPS. This requirement does not apply to valve-regulated batteries and oth
. Vented batteriessmay be contained in the overall enclosure of the UPS, pr

barrier, partifjon, or the equivalent is used to inhibit the passage of hydrogen gas from the b

the area of th
the power co

4.3.8.101.2

e enclosure containing the electronic components, switches, contactors, and co
nversion portion of the UPS.

General requirements for installation

Xiliary Power

bctrolytes, for

Br conversion
pr sealed cell
pvided that a
attery area to
ntrols used in

4.3.8.101.2.1

Accessibility and maintainability

Battery poles (terminals) and battery connectors shall be accessible so that their fixings (hardware) can be
tightened with the correct TooLs. Batteries with liquid electrolyte shall be so located that the battery cell

(vent) caps a

re accessible for electrolyte tests and readjusting of electrolyte levels.

Compliance is checked by inspection and application of the TOOLS and measuring equipment supplied or
recommended by the battery manufacturer.

4.3.8.101.2.2

Insulation

Batteries in conductive casings shall be provided with adequate insulation between each other and from
cabinets or compartments. Such insulation shall meet the requirements of 2.9/RD.
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Compliance is checked by measurement and/or test.

4.3.8.101.2.3

VENTED BATTE

Electrolyte spillage

RY trays and cabinets shall have an electrolyte-resistive coating.

The ENCLOSURE or compartment housing a VENTED BATTERY shall be constructed so that spillage or
leakage of the electrolyte from one battery will be contained within the ENCLOSURE and be prevented from

a) reaching the outer surfaces of the UPS, where contact with the USER is possible;

b) contaminating adjacent electrical components or materials; and

c) brid
Compliance i
4.3.8.101.24

The ENCLOSU
that any pote
levels.

For battery c
ensure adequ

ging required electrical distances.
5 checked by inspection.
Ventilation

RE or compartment housing a VENTED BATTERY shall be provided with proper
ntially explosive mixtures of hydrogen and oxygen are dispersed safely below ng

bmpartments (separate or combined), the method for determining the necess
ate dissolution levels is given in Annex HHH.

entilation so
n-hazardous

ary airflow to

In combined @pparatus of battery and electrical components, attention shall be given to prevent ignition of

local concent|
switches clos
separation of]
the UPS and

For battery ri
instructions if|

NOTE: Valve-red
manufacturer sh

Compliance i

rations of hydrogen and oxygen by adjacent operational arcing parts, such as cq
e to battery vents/valves. This shall be achieved by the use of fully enclosed
battery compartments, or adequate ventilation, depending on the technical cqg
pbattery.

pboms, proper information on the required flow of air shall be provided in th
the battery installation’is supplied with the UPS.

ulated batteriestreduire ventilation, although it may be considerably less than that for a vented
uld be consulfed‘for the frequency/rate of gas release in both normal and abnormal operating condi

5 cheeked by inspection, calculation, and measurement.

ntactors and
components,
nstruction of

e installation

tell. The battery
ions.

4.3.8.101.2.5

) + IFN
Crargmg-voitages

Batteries shall be protected against excessive charging voltages under any normal or single fault

condition.

Compliance is checked by the tests described in 5.3/RD and 5.3.102 of this Standard.

4.5 Thermal requirements

4.5.3 Temperature limits for materials

Replace Table 4B/RD with the following:
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Table 4.5.3.101A
Temperature limits

Part

Maximum temperature by resistance
method for motors or windings with
embedded thermal couple for motors
or windings with embedded thermal

Maximum temperature by
thermocouple method, °C

couple, °C
Insulation, including winding insulation:
— of Class A material 105 1002 90
— of Class E material 120 115° 105
— of Class B material 130 120° 110
— of Clpss F material 155 140° 130
— of Clpss H material 180 165° 155
— of Clpss C material 200 175° 165
— of Clpss N material 220 190° 180
— of Clpss R material 240 210 200

[see conditions b) and e) of Table 4B in
4.5.3/RD]

[see conditions b) and e) of Table 4B in
4.5.3/RD]

exceed 220°C|in any single location.

2f at the concliision of the temperature limits test, the results reveal higher temperature limits of that in either colunn “resistance
method/embedded thermal couple method” or “thermocouple method”, the following requirements may be used to gstablish a
temperature higher than that in the table. The manufacturer may elect to populate the motor or winding device with|multiple
embedded thefmocouples to fully map out hot spot locations within the deviee; this could entail upwards of 20 embgdded
thermocoupleq to fully map hot spots within the device. However, those hot.spot temperatures shall not exceed the|material class
temperature. Hor example, a Class N material with the multiple embedded thermocouple’s method for hot spot testing shall not

Additional subclause:

4.5.3.101

Hor UPS with limited STORED ENERGY MODE duration and no provisions for additignal batteries,

the steady state temperature rise limits:-shown in Table 4.5.3.101A may be exceeded if [the magnetic
components |meet the following criteria:

a) the magnetic components operate during STORED ENERGY MODE only or operatg during other
modeis but are likely(to attain higher temperature rise during STORED ENERGY MODE dperation, and
duration of STOREDEENERGY MODE operation does not exceed 60 min and the recharge|time exceeds
8 timgs the STORED ENERGY MODE duration; and

b) compliance is checked by conducting STORED ENERGY MODE operation immediately following the

N temperature
tion shall not
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Table 4.5.3.101B

Permitted temperature limits for magnetic windings at the end of stored energy mode operation

Insulation class (°C) Temperature by resistance method Temperature by thermocouple method
(°C) (°C)

105 127 117
120 142 132
130 152 142
155 171 161
180 195 185
200 209 199
220 216 206
240 234 224

4.6 Openings in enclosures

4.6.1 Top and side openings

Additional pafagraph:

Openings ver
ENCLOSURE s
such parts, fq
does not app
Requirement

5 Electrica
The provision
Additional suf
5.101 Shor

All UPS equi
evaluation or
kA up to 10 K

tically above bare parts at hazardous voltages in:the top of a FIRE ENCLOSURE Of
nall not exceed 5 mm in any dimension unless the construction prevents verti

r example, by means of a tray or similar restriction (see Figure 4B/RD). This
y to equipment having openings in the top.of an ENCLOSURE with a height excs
5 to prevent accessibility to hazardous parts apply.

requirements and simulated abnormal conditions
s of 5/RD apply, together with'the following:

pclause:

-circuit fault current withstand rating markings

bment may. be marked with a short circuit withstand rating of 5 kA without any
testing:. UPS equipment may be marked with a short circuit withstand rating g
A if\it, complies with the relevant provisions in Annex NNN. UPS equipment ms
cireuit withstand rating greater than 10 kA up to 200 kA if it complies with

an electrical
tal access to

requirement
eding 1.8 m.

construction
reater than 5
y be marked
the relevant

with a short

provisions in Annex NNN.

5.2 Electric strength

Additional subclause:

5.2.101

Electric strength test

The terminals of across-the-line capacitors shall withstand without breakdown 1000 volts plus twice rated
a.c. voltage, or d.c. equivalent, applied for 1 min. Only capacitors not investigated to the standards listed in
Annex |l are subject to this test.

An additional

pulse current test is under consideration.
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5.3 Abnormal operating and fault conditions
Additional subclauses:
5.3.101

Forced ventilation test

5.3.101.1 A UPS having forced ventilation shall be operated in all modes with the rotor of a

blower motor

or fan locked. For a UPS having more than one blower motor or fan, the test shall be conducted with the

rotor of each blower motor or fan locked, either one at a time or simultaneously.

5.3.101.2 A upPs havmg f||ters over ventllatlon openlngs shaII be operated W|th the openln
represent clg v
approximately 50%, and then shall be repeated under fully blocked cond|t|on A single blewe
filter need nat be tested under the fully blocked condition.

5.3.101.3
the requirem
described inp

he ventilating means for an ENCLOSURE or a compartment housing,& battery shg
nts in HHH.2, HHH.4, and HHH.5 under blocked blower or fan and clogged fil
.3.101.1 and 5.3.101.2.

5.3.102 Overcharge test

A battery supply that is to be evaluated with the UPS shall be subjécted to 7 h of overchargir
to a supply
adjustable ¢
charging ratg.

ntrols associated with the charger or charging circuit shall be adjusted for thg

This requirement does not apply to a UPS provided with a regulating circuit preventing &
battery charg
rated value.

This test car
lead-acid an
Stationary ar

be waived for batteries that comply with the requirements for valve regulate
H nickel-cadmium batteries in Annex H of UL 1973, the Standard for Batteri
d Motive Auxiliary Rower Applications.

5.3.103 Output short-circuit test

5.3.103.1 he direCt'current battery circuit and the alternating current output circuit of the
shorted sepgrately-For the alternating current output circuit, this test shall be conducted in

gs blocked to

qings blocked

I or fan with a

Il comply with
ter conditions

g, connected

ircuit adjusted to 106% of nominal voltage, using a fully charged battery. Afly OPERATOR-

most severe

n increase in

ing current and voltage when the a:c. input voltage is increased from rated valfie to 106% of

d and vented
es for Use in

UPS shall be
all modes of

operation that.allow power to be delivered through the UPS. Shorting shall include from lin

ef to neutral (if

provided) antHremtine-totine-

A battery supply is considered to comply with this requirement if

a) An overcurrent-protection device is employed having a short-circuit interrupting rating not less
than the maximum fault current available from the battery supply (this measurement shall be taken
at the output of the device, i.e., output terminals or output cable ends, as applicable); and

b) The maximum current from the battery supply during the STORED ENERGY MODE does not exceed

the ampacity rating of the conductors connected to the batteries.

5.3.103.2 With reference to the direct current battery circuit mentioned in 5.3.103.1, the
conducted on

a) the battery circuit of a UPS having an integral battery supply;

test shall be
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b) the direct current output of a UPS intended to be used with a remote battery supply; and

c) the direct current power circuit of a remote battery supply/cabinet assembly for use with a UPS
and investigated under the requirements of this Standard.

During the tests described in items a) and c), batteries intended to be used with the UPS shall be used and
shall be fully charged. During the test described in item b), batteries shall not be connected. The tests
mentioned in items b) and c) may be combined into one test with the batteries connected. See Figure
5.3.103.2.

Figure 5.3.103.2

Output short-circuit tests

Rectifier/Charger Inverter )

.

—] T —

av | — |
AC in - : :AC out
N e BN A

J
b)
— Battery

54608A

A unit having an [ntegral batteryssupply in accordance with 5.3.103.2 (a)
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Figure 5.3.103.2 (Cont'd)

M — 1
U — |
|
— |
_ ~ F\J I
o D l
)— 4
Remote Battery
Circuit Connections
S4609A

A unit intended fo be used with a remote battery supply in accordance-with 5.3.103.2 (b)

Figure 5.3:103.2 (Cont'd)

S4610A

A remote battery/supply cabinet in accordance with 5.3.103.2 (c)

NOTE 1 Short to be placed across

a) a.c. output terminals;
b) d.c. battery supply;
c) terminals of a UPS for connection to remote battery supply; and

d) terminals of remote battery supply.
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NOTE 2 For TNV CIRCUITS, see 6/RD.

5.3.104 Abnormal test

If an abnormal test is terminated by operation of the intended BRANCH CIRCUIT overcurrent protective device
or if the a.c. input overcurrent protection is relied upon for protection of an a.c. output receptacle, the
instruction manual for such a unit shall include the word "CAUTION" and appropriate safety wording.

5.3.105 Output overload test

5.3.105.1
which allows

the-output-power-to-be-delivered-through-the-power conversion-portion-of th

This test is to be conducted after thermal stabilization is reached during the mode of operation,

UPS. While

delivering ma
the UPS is to

531052 T
UPS and held

a) Fur

b) The

Alternatively,

output powef

incremental Iq

If the output
normal mode
temperature 9

6 Connecti
The provision
7 Connecti

The provision

ximum rated output power to an adjustable resistive load connected to the outj
be subjected to the overload test described in 5.3.105.2.

ne a.c. load is to be increased in increments of 10 % of the maximum output
for 1/2 h at each increment until:

her change as a result of the test condition is not likely; or

UPS transfers to the BYPASS mode.

thermal stabilization may be obtained with a load adjusted to result in maximu
without causing operation of overcurrent .protective devices, followed K

ading as described above.

bower of a unit is not delivered through‘the power conversion portion of the u
of operation, the incremental loading is to be conducted in the reserve mog
tabilization in the NORMAL MODE.

bn to telecommunication networks

s of 6/RD apply.

bn to cable distribution systems

s of 7/RD.apply.

but ac circuit,

rating of the

m obtainable
y increased

hit during the
de, following
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Annexes
All Annexes of the RD apply, together with the following:

Additional Annexes:
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Annex AAA
(normative)

Additional component requirements

The following component test requirements are in addition to those noted in 5.3/RD. These tests are
applied one at a time with the equipment operating at rated input voltage, STORED ENERGY MODE, BYPASS
mode, or other mode of operation as required by the specific test. Unless otherwise noted, the test criteria

of 5.3/RD apply.

AAAA1

Capacitor surge current test

AAA 1.1 Wi
the inverter s
circuit by clos
not required f

a) not

b) ha
witho|

h the input a.c. power 1o the equipment disconnected, the baftery supply fully

orage capacitors discharged, the battery supply voltage shall be applied tocthe

ing the battery supply disconnect switch intended to be used with the equipmien
Dr equipment:

having a manually operated battery supply disconnect switch; or

ing a battery supply disconnect switch that will not close _onte the discharge
t a.c. input power applied to the equipment.

AAA.1.2 A d.c. power source other than batteries may be used; provided that the source

delivering an

nrush current not less than that available from a fully charged battery supply.

AAA.2 Oil-filled capacitor fault test

AAA2.1 In
capacitors sh

AAA.2.2 Th
AAA.3 Eled

For a UPS ha
storage capa
test in revers

equipment having a bottom-ventilated “ENCLOSURE containing oil-filled ca
bll comply with the relevant requirements of UL 810 and CSA C22.2 No. 190.

s test is not required for equipmeént that complies with 4.7/RD.
trolytic capacitor fault test

ving d.c. electrolytie.inverter storage capacitors, a fault in one of the capacitors i
Citor bank shall be simulated. This shall be accomplished by connecting the ca
e while the input supply to the equipment is not energized. The equipment §

energized. If the inverter is functional, then rated output load shall be applied.

Note: The rever:
simulate an erro

AAA.4 Con

AAA 41
shall:

a) hav

b) hav

e capagcitor fest is intended to simulate capacitor failure in the field due to the aging process and ig
in the'manufacturing process.

bharged, and
nverter input
t. This test is

d capacitors

s capable of

bacitors, the

n the inverter
pacitor under
thall then be

not intended to

e a horsepower rating based on the full-load ampere equivalent rating;

e a current rating of not less than twice the rated input current; or

¢) withstand the overload and endurance tests specified in AAA.4.2 and AAA4.3.

NOTE Switching

devices rated in accordance with Table AAA.1 are considered to comply with this requirement.

If the circuit controlled has a POWER FACTOR of less than 75%, the switch or other control device
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Table AAA.1
Horsepower rating versus pilot duty rating

Horsepower rating
1 Phase

(120 - 600 V) VA

Alternating current pilot duty rating,

110
12
1

125 (light duty)
360 (standard duty)
720 (heavy duty)

AAA.4.2 Overload (control devices)

AAA.4.2.1 A control device, except as permitted by AAA.4.2.6, supplied as part of the equip
capable of making and breaking for 50 cycles of operation at intervals of 10 s a currenbequ
the maximunp load current at the actual POWER FACTOR involved.

AAA4.2.2

open-circuit
voltage, exc
carrying cap
flowing is wit

he current-interrupting test of AAA.4.2.1 shall be made at the ngminal supply
voltage of the supply circuit shall be not less than 100%, or. more than 150
ppt that a higher voltage may be employed if agreeable ,to.those concerned.
Acity of the supply circuit shall be such that the closed-gircuit voltage with RA
nin £2.5% of the test.

AAA.4.2.3 The ENCLOSURE of equipment designed for use on'a system having one condu
shall be conpected during the test through a 3 A fuse to the'grounded conductor of the circ
supply is degigned for use on other types of systems, the-frame shall be connected through

the live pole |east likely to arc to ground.

AAA 424
made.

[he test cycle shall be 1 s ON and 9.8/OFF, if the nature of the switch permits thg

AAA.4.2.5
or welding off

here shall be no electrical of'mechanical failure of the switch and no undue pi
the contacts, and there shall be no flashover to the ENCLOSURE.

AAA4.2.6
an internal lo
minute the lo

A\s an alternative toithe overload test specified in AAA.4.2.1, a switch or relay u
ad may be tested by making and breaking for 50 cycles of operation at the rate g
Aad that it is intended to control, with the equipment operation at 110% of the nom

AAA.4.3 Endurance(control devices)

AAA.4.3.1 A control device supplied as part of the equipment shall be capable of making

ment shall be
al to 150% of

voltage. The
o, of the test
The current-
TED CURRENT

ttor grounded
Lit. If a power
such a fuse to

b test to be so

ting, burning,

sed to control
f 6 cycles per
inal supply.

and breaking
[ at the actual

for 6000 cycles.of operation at intervals of 10 s, a current equal to the maximum load curren

POWER FACTOR involved. There shall be no electrical or mechanical failure of the switch and no undue

pitting, burning, or welding of the contacts.

AAA.4.3.2 The conditions for the endurance test shall be the same as the conditions for the
as indicated in AAA.4.2.2 to AAA.4.2.4.

AAA.5 Static transfer switches
AAA.5.1 General

AAA.5.1.1 Failure or malfunctioning of a solid state power-switching component shall resul
condition (see AAA.5.3.2) under either of the following conditions:

overload test

t in a fail-safe

a) failure of a solid state power-switching component and another solid-state component such as in

a control circuit; or
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b) failure of a solid state power-switching component and a mechanical component (e.g., relay,
contactor, or the like) for static switches employing such a device in conjunction with a power-
switching semiconductor. Failure analysis of the mechanical device shall not be required if the
current through the contacts is the same or less than the RATED CURRENT of the device and the
overload test evaluation is performed at six times RATED CURRENT. The control circuit that operates
the mechanical device shall be subjected to a component failure analysis.

NOTE The intent of AAA.5.1.1 is to prevent voltage from appearing where it is not expected (such as on the PRIMARY POWER line)
upon failure of a power-switching component and another solid-state or mechanical component.

AAA.5.1.2 If arelay is used to transfer from the a.c. input line to the inverter, the overload current rating
of the relay contacts shall be greater than the peak current that flows through the relay contacts during the
output short-circuit test of 5.3.103. The overload current rating shall be considered to be 150% of the rated
load current fpr devices rated in A and 600% of the rated load current for devices rated in horgepower.

AAA5.13 (
line. If the ove

Dvercurrent protection shall be provided for each static switch source in“each
rcurrent devices are not integral with the equipment, they shall be specified on 3

ungrounded
label.

AAA.5.2 Is¢lating means

AAA.5.2.1 echanical isolation means shall be provided for servicing‘the’power supply where failure of

or leakage through a solid-state device could result in transfer of ,energy between two or
sources. Thqg disconnecting means shall be provided as an integral part of the equiprn
connected info the circuit in such a way that when opened it wil) prevent transfer of energy

more power
nent and be
between the

different power sources. To facilitate servicing, barriers (or other'suitable means) and/or marking shall be

provided for grotecting SERVICE PERSONNEL from live parts located ahead of isolating switches

AAA.5.2.2 Automatic mechanical isolating means shall be provided as an integral part of th
to prevent trapsfer of energy from a single-branch private supply system (such as a battery ar
a branch of & multibranch system (such as a PRIMARY POWER system) upon loss or shu
PRIMARY POWER system unless BACKFEED is not possible when evaluated in accordance wit
The isolating|means may be a relay, contactor, motorized circuit breaker, or other device wi

e equipment
d inverter) to
down of the
h AAA5.1.1.
th an air gap

between conftacts.
AAA.5.3 Tests

AAA.5.3.1 tatic transfer switches shall be tested as part of the equipment to defermine their
acceptability for the application.

AAA.5.3.2 (Qompliapcé. with the requirements of AAA.5.1.1 shall be verified by shorting one power
switching component-(e.g., SCR) and placing one fault on another component, such as ih the control
circuit. The fault.placed on the component shall simulate the failure mode of that component (g.g., cathode
to anode shoft'on SCR, emitter to collector short or open on a transistor, or welding of a relay contact in
the control circuit). This analysis shall be performed first with the PRIMARY POWER supply energized and
repeated with the PRIMARY POWER supply not energized.

AAA.5.3.3 The electric strength test shall be performed on a static transfer switch with the solid-state
devices, or assemblies, normally connected between the systems disconnected.

AAA.6 Transfer switches

AAA.6.1 Failure of a mechanical transfer switch shall not result in transfer of energy from a single-branch
private supply system (such as a battery and inverter) upon loss or shutdown of the multibranch system
(such as a PRIMARY POWER system). A failure analysis of the mechanical transfer switch shall not be
required if the current through the contacts is the same or less than the RATED CURRENT of the switch and
the overload test evaluation is performed at six times the RATED CURRENT. The control circuit that operates
the mechanical transfer switch shall be subjected to a failure analysis.
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AAA.6.2 A BYPASS switch or maintenance BYPASS used to connect the protected load directly to the
BYPASS source shall comply with the requirements of AAA.6.3.

AAA.6.3 A BYPASS switch or maintenance BYPASS, when tested in conjunction with a UPS, shall comply
with the load transfer test specified in AAA.7 and the applicable requirements of this Standard.

AAA.7 Load transfer

AAATA

shall be displaced from the a.c. output of the equipment by:

a) 120 electrical degrees for a 3-phase supply; or

b) 18

The transfer
equipment tg

AAA.7.2 Fd
a.c. sources
if such a con
placed on th
on SCR, em
circuit).

AAA.7.3 A
described in

For an output transfer switch to be tested in accordance with AAA.6.3, the BYPASS a.c. source

) electrical degrees for a single-phase supply.

switch shall be subjected to one operation of switching the load from the a.c.
a BYPASS a.c. source with the load adjusted to draw maximum rated.a.C! power.

r equipment employing a BYPASS switch having a control to prevent switching
put of synchronization, the test shall be conducted under the coridition of a com

b component shall simulate the failure mode of that compenent (e.g., cathode t
itter to collector short or open on a transistor, or welding of a relay contact

AAA.7.1.

AAA.8 Busg bars

AAA.8.1 E4
a) the
b) the

c)as

Other coatin
the requirem

AAA8.2 TH

ch bus bar shall be plated at eachjoint with tin, silver, or nickel unless
joint is welded or brazed;
current at the joint is 600 A or less; or

Litable oxide-inhibiting compound is used over the joint surfaces.

Js may be-lised for aluminum bus bars if investigated for the application in ac
bnts foreufrent-carrying parts described in AAA.8.13.

e bending of a bus bar shall not result in visible cracks, but roughening or
be-acceptable.

crazing shall

dition can result in an out-of-phase transfer between the two a.c. sources of suj

solid-state BYPASS switch shall continue to ‘eperate normally after completig

output of the

between two
ponent failure
pply. The fault
b anode short
n the control

n of the test

tordance with

slight surface

AAA.8.3 Each riveted joint connection shall have a spring washer at one end and either a spring washer
or a flat washer at the other end (see AAA.8.5 and AAA.8.6), unless, as an alternative, the connection is
investigated in accordance with the applicable requirements of AAA.8.13.

Washers may be omitted in a connection rated 225 A or less employing only copper bus bars.

AAA.8.4 Each bolted joint connection shall employ a spring washer at one end (see AAA.8.6), unless the
connection is investigated in accordance with the applicable requirements of AAA.8.13.

A spring washer may be replaced with a split ring lock washer and flat washer if each bus in the joint is
copper or if each aluminum bus in the joint has a tensile yield strength of at least 20 000 psi (138 MPa).
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A flat washer, a split-ring lock washer, or a bolthead that complies with AAA.8.5 may be used in place of a
spring washer if the joint does not include any aluminum or if aluminum bolts are used with aluminum bus
bars.

AAA.8.5 The flat washer referenced in AAA.8.3 and AAA.8.4 shall have a thickness of at least one-sixth
that of the diameter of the rivet shank or bolt and shall have an outer diameter at least 150% of the rivet
shank or bolt and not less than the outer diameter of any adjacent spring washer.

AAA.8.6 The spring washer referenced in AAA.8.3 and AAA.8.4 shall be a dished washer of stainless or
hardened and tempered steel, having an outer diameter not less than 150% of the bolt diameter, a
thickness not less than one-eighth of the bolt diameter, and dished not less than 3-1/2% of the bolt
diameter.

AAA.8.7 Unjess investigated for such use, a bolted connection between two bus bars or b%tween a bus
bar and another current-carrying part shall not depend on the dimensional integrity ©of la thermoplastic
material.

AAA.8.8 Indulation over bus bars, such as tape or tubing, shall not be provided aver a bolted joint, so that
tightening of the joint can be accomplished without removal of the insulation,

AAA.8.9 The current density of a bus bar shall not be more than that jadicated in Table AAA.8.1 or Table
AAA.8.2 unleps

a) it has characteristics that will not result in maximum bus bar temperatures exceeding the values
specified in Table AAA.8.3; or

b) it i contained in a unit having forced air ventilation that will not result in maximum bus bar
tempelratures exceeding the values specified in*Table AAA.8.3.

AAA.8.10 The cross-section of the bus bar referenced in Table AAA.8.1 or Table AAA.8.2 may be
reduced by npt more than 5% due to rounding,shaping, or dimensional tolerances.

AAA.8.11 Part of the bus bar material.nmday be removed for slots or holes (whether used or not), provided
that the remdining material at any créss*section along the length of the bus bar has at leagt 70% of the
required amppcity in accordance with, Table AAA.8.1 or Table AAA.8.2 and AAA.8.10, and proyided that:

a) the|remaining metallin any 6 in (152 mm) length of bus is at least 93% of the mgtal of a bus
having the required ampacity in accordance with Table AAA.8.1 or Table AAA.8.2 and AAA.8.10.
For example, a 1.in{25.4 mm) wide bus could have 9/32 in (7.1 mm) holes on 1 in cenfres, ora 4 in
(102 mm) wide bus could have 13/32 in (10.3 mm) wide slots 3.2 in (81.3 mm) long every 6 in (152

b) the bus,bar has characteristics that will not result in temperatures exceeding the vallies specified

AAA.8.12 The limitations of current density mentioned in Table AAA.8.1 and Table AAA.8.2 do not apply
to

a) a connecting strap, bus, or the like comprising a part of a circuit breaker, switch, or fuseholder
employed in the unit; and

b) a portion of a strap, bus, jumper, or the like adjacent and connected to a terminal of a switch,
circuit breaker, fuse, or fuseholder, but not more than 1 in (25.4 mm) from the terminal, if a reduced
cross-section in that portion is necessary because of the recessing of the terminal or because of
barriers adjacent to it.
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Ampacity of single or multiple bus bars and clamped joints

Table AAA.8.1

Current density in A per square in (6.45 cm?)

Bus bar cross-section

Contact area at clamped

Bus bar material® Current joints
Copper 0-600A 1000° 200
Copper Over 600 1000° 2009%¢

Aluminum® Any 750° 200%¢

¢ See also Tabl
4See AAA.8.1

@ Multiple bus bars in parallel shall be of the same material.

® Minimum conductivity of 55% of International Annealed-Copper Standard.

¢ Joints bolted

e AAA.8.2 for 800 A maximum single bus bars.
and AAA.8.10 to AAA.8.12.

and plated with tin, silver, or nickel.

shall provide n

b A bus bar ha
and if it has eq

¢ Minimum con

9 Bolted joints

Livalent rigidity.

bt less than 1 in? (6.45 cm?) per200 A.
ing other dimensions may\also be acceptable if it has not less than the cross-sectional area specifiefd in the table

hnd bus bars.plated with tin, silver, or nickel.

ductivity of 55% of'International Annealed-Copper Standard.

_ _ Table AAA.8.2 : ]
Rating and sizes of single bus bars — 800 A maximum?
Copper bus Aluminum bus®
Current Bus size® Cross-section Bus size® Cro¢ss-section
rating, A
in mm in? mm?2 in mm in? mm?2
225 0.125x 3.2x22.2 0.109 70.3 0.250 x 0.875 6.4 x22.2 0.219 141.3
0.875
400 0.250 x 6.4 x 38.1 0.375 242.0 0.250 x 2.000 6.4 x50.8 0.500 322.6
1.500
600 0.250 x 6.4 x50.8 0.500 322.6 See Table See Table 0.800 518.1
2.000 AAA.8.1 AAA.8.1
800 0.250 x 6.4x76.2 0.750 483.9 See Table See Table 1.067 688.4
3.000 AAA.8.1 AAA.8.1
@ See AAA.8.1D to AAA.8.12. For multiple buses,in parallel, refer to Table AAA.8.1. The minimum contact area at a clamped joint

Table AAA.8.3
Maximum bus bar temperatures

Component

°C

Bus bar

140°

aThe maximum permitted temperature for copper construction is determined by the temperature limit of support materials or
insulation of connecting wires or other components. A maximum temperature of 140 °C is recommended. The bus bar
temperature limit requirement shall apply irrespective of the presence or absence of plating of bus bars.

AAA.8.13 Bus bar tests

AAA.8.13.1

An aluminum bus bar employing a coating in accordance with AAA.8.1 or a bus bar that has
the alternative clamped joint construction permitted by AAA.8.3 and AAA.8.4 shall be subjected to the
tests described in AAA.8.13.2 to AAA.8.13.4.
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AAA.8.13.2 The temperature of the bus bar joint shall be measured during the temperature test
described in 4.5/RD and shall comply with the maximum temperature specified in Table AAA.8.3.

AAA.8.13.3 The temperature rise at the joint during the five hundredth cycle shall not be more than 15 °C
(27°F) higher than the temperature rise at the end of the 25th cycle.

AAA.8.13.4 The test sample shall consist of an assembly of bus bars connected together to form a series
circuit. The bus bars shall be clamped together with the joint construction used in actual production. The
number and size of the bus bar shall represent the maximum ampere rating and the maximum current
density in which the joint construction is employed. This may necessitate more than one test. The length of
each bus bar shall be 2 ft (609 mm). The bus bar shall be connected to a power supply by any convenient
means that will not affect the joint temperature. The power supply shall be adjusted to deliver a value of

current that W&Wﬂ@m@mﬂ%e joint. The
assembly shall then be subjected to a 500 cycle test. At the end of the 24th cycle, the ¢urrent shall be

readjusted to(bring the temperature of the joint to 75 °C (135 °F) above room temperature, and this current
value shall bg maintained for the remainder of the cycling test. At the end of the 25th@nd 500th cycle, the
temperatures|shall be recorded. The temperatures shall be measured on both sidesof the joint as close as
possible to the bolt or rivet. The cycling rate shall be 3 h ON and 1 h OFF. The ON period |during which
temperatures| are recorded may be extended to more than 3 h if necessary for. the joint to dttain thermal
equilibrium.

NOTE: The length of the bus bar may be less than 609 mm (2 ft) with the concurrence of those concerned.
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BBB.1

BBB.1.1
manual.

Annex BBB
(informative)

Examples of NORMAL LOAD conditions

(see Clause 1.2.2.1)

General

The UPS is loaded according to the manufacturer’s specifications given in the instruction

If the specifig
A UPS can be

A LINEAR LOA
be sinusoida

A NON-LINEAR

BBB.1.2 TH
a) res
b) ind
C) caf
BBB.1.3 A
a) reg

b) thy

BBB.1.4 In
most commo

BBB.2 For

ations are missing, the following NORMAL LOAD conditions can be used.
loaded with different linear and NON-LINEAR LOADS.

D is defined by the fact that with a sinusoidal voltage supplied to stich a load, t
also.

load with sinusoidal voltage has non-sinusoidal current.

€ most common types of LINEAR LOADS are:
istive;
uctive-resistive; and

acitive-resistive.

NON-LINEAR LOAD can be:
tified capacitive load; or

ristor or transductor controlled load (phase control)

the low power range-below 3 kVA, the rectifier in bridge connection with capacit
n.

resistive loads, the UPS is loaded with a resistor (RL) up to nominal power.

Figure BBB.2.1

ne current will

ve load is the

Key:

U is the output v
P is the ACTIVE
RL is the resista

|

S4611

oltage in volts (V)
OUTPUT POWER in watts (W)
nce in ohms (Q)
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BBB.3 For inductive-resistive loads, an inductance is connected in series or in parallel with a resistor.

The resistor (R) and inductance (L) are given by the following formulas:

a) series connection

Figure BBB.3.1

L
o U2y ()
U dl s
[ = U2V ] — )\2 (H)
29w 1S
S4612
b) parallel connection
Figure BBB.3.2
2
R = v 0)
T Sh
AEENE)
| e | P
2nfS V1-2\2
S4413

Key:

U is the output voltage in volts (V)

R is the resistance in ohms (Q)

L is the inductance in henrys (H)

fis the frequency in hertz (Hz)

S is the APPARENT OUTPUT POWER in VA
A is the POWER FACTOR (P/S)

BBB.4 For capacitive-resistive loads, a capacitance and a resistor are connected either in series or in
parallel.

The resistor (R) and capacitance (C) are given by the following formulas:
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a) series connection
Figure BBB.4.1

C
| |
_ U2
"==3 ()
U R
S
C= G
21 fU2 N )2
S4614
b) pafallel connection
Figure BBB.4.2
R=_U2

1 UR ) ()

—— T ——
I
o

S4615

Key:
U is the output vpltage inwelts (V)
R is the resistange innohms (Q)

C is the capacitgnce-in farads (F)

fis the frequency in hertz (Hz)
S is the APPARENT OUTPUT POWER in VA
A is the POWER FACTOR (P/S)

BBB.5 To simulate a rectified capacitive load, the UPs is loaded with a diode rectifier bridge, which has a
capacitor and a resistor in parallel on its output.

NOTE The following is related to the frequency of 50 Hz to an output voltage distortion max 8% according to IEC 61000-2-2 and to
POWER FACTOR = 0.7 (i.e., 70% of the apparent power S will be dissipated as ACTIVE POWER in the two resistors R; and Ry).
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Key:
U is the output v
C is the capacita

U, is the rectified
R; is the load reg

R is the serial lir]
IEC/TC 64 proposal of voltage drop in power lines)

A ripple volta
0.15s.

Observing pe
voltage, the a

U,=2x0.92

and the value
R, =0.04 x Ut

R, =U.2/(0.6p

C=0.15s/R

Figure BBB.5.1

i &

T2

S4616

Itage in volts (V)

hce in farads (F)

voltage in volts (V)

istance in ohms (Q), representing 66% of ACTIVE POWER of the total apparent power S
e resistance in ohms (Q), representing 4% of ACTIVE POWER of the/total apparent power S (the 49

e, 5% peak to peak of the capacitor voltage, U;, corresponds to a time constar

verage of the rectified voltage U will be as follows:
kK 0.96x0.975xU=1.22xU
s of resistors R, R4, and capacitor C will be as follows:

/S

6 is according to

tOfR1XC=

Ak voltage, distortion of line voltage;.yoltage drop in line cables, and ripple voltage of rectified

The voltage

- L (H (] L ) . 1 (|
ropimthediode bridgeisnegtected:
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(informative)

Safety symbols and their meanings

Symbol

Description

Stand-by

Dangerous voltage

Akl '

[F} . <l s
oo oo O COToSuTtT Ot C O PO y i g— OO CTTTIeTes

Output

Input

Off (power: disconnection from mains)er, output disabl

ON (power: connection to the mains) or output enable

[oN

I 44 S

Alternating current

Direct current

Connection for the neutral,conductor on PERMANENTLY INSTALLED EQ

UIPMENT

2]

Earth (ground)

S4619

(Continued)
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(Continued)

Symbol

Description

Protective earth (ground)

Noiseless (clean) earth (ground)

— I— Battery check
Test (check) button
Battery (mode)

il Variabilty in steps

Overload

Load status

Alarm.silence

Not for telecommunication (telephone) network

Recycle

Do NOT dispose with ordinary trash

$4620B



https://ulnorm.com/api/?name=UL 1778 2024.pdf

APRIL 3, 2024 CSA C22.2 No. 107.3-14 ¢ UL 1778 53

Annex DDD
(normative)

Harmonic distortion test

DDD.1 When tested as described in DDD.3, the total rms of the harmonic voltages, excluding the
fundamental, delivered by a UPS shall not exceed 30% of the fundamental rms output voltage, and the
rms voltage of any single harmonic shall not exceed 15% of the fundamental rms output voltage. The
specified output voltage distortion levels may be exceeded if the UPS complies with DDD .4.

DDD.2 If the inverter portion of the UPS does not operate to supply output during the normal mode of
operation, the UPS shall be operating in STORED ENERGY MODE during this test.

DDD.3 With reference to the requirements in DDD.1, the UPS shall be connectedto™an adjustable
resistive loafl at rated power. The measurements shall be made at open circuit.'and with the UPS
delivering 25| 50, 75, and 100% of rated power.

DDD.4.1 The tests described in DDD.4.2 and DDD.4.3 shall be conducted torinvestigate the acceptability
of output voltage harmonic distortion exceeding the levels specified in DDD:3.

DDD.4.2 The load shall be energized from the following sources, oneata time:
a) theg a.c. output of the UPS while the output is supplied by the inverter portion of the |JPS; and
b) a ARIMARY POWER source of sinusoidal voltage adjusted to the same rms value as pbtained from
the optput of the UPS inverter. While energized from each source, temperatures of components

that may be affected by harmonic voltages shalkbé measured. Such components in¢lude, but are
not linited to,

1) linear transformer winding;

2) d.c. filter capacitor in a switch-mode power supply;

3) across-the-line capaeitorin an electromagnetic interference (EMI) filter;
4) continuous duty €apacitor start motor winding; and

5) continuous-duty shaded pole motor winding.

The maximum temperatures obtained while the load is supplied from the UPS shall not ex¢eed by more

than 5 °C (9|°F) thecorresponding maximum temperatures obtained when the load is supplied from the
PRIMARY POWER sQUrCe.

DDD.4.3 If thezoutput voltage distortion of the unit varies with the amount of load connecteld to the UPS,
the condition of loading resulting in the highest level of distortion shall be used for this test. To accomplish
this, it may be necessary to connect other loads in parallel with the load under test.
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Annex EEE
(normative)

Earthing and bonding

(see 2.6.)

EEE.1 General requirements

EEE.1.1 An

output a.c. power circuit shall be grounded if the circuit:

a) has no electrical connection to supply conductors originating in another wiring system;

b) is rg

c)isa

Reference sh

EEE.1.2 Th
a) sing
b) sing

c) mul

ted 50 to 600 V; and
5 follows (other configurations may require grounding):
1) a circuit that is grounded so that the maximum voltage to ground on the
conductors does not exceed 150 V. This requires that one’conductor of
following circuits does not exceed 150 V and is grounded:
(i) 120 volts, 2-wire;
(i) 240/120 volts, single-phase, 3-wire;
(iii) 208/120 volts, two-phase, 3-wire; and
(iv) 208/120 volts, three-phase, 4-wire.

2) a circuit nominally rated 480 wye/2/LV, 3-phase, 4-wire, in which the neutra
circuit conductor; and

3) a circuit nominally rated 240Q/420 V, 3-phase, 4-wire, in which the midpoint
is used as a circuit conductor:

puld be made to local eleetrical codes for other circuits.

b conductor to be(grounded shall be as follows:
le-phase a.c.system, 2-wire: one conductor;
le-phase a.c. system, 3-wire: the neutral conductor;

liphase a.c. system having one wire common to all phases: the common conduc

ungrounded
each of the

isused as a

bf one phase

tor; and

d) multiphase a.c. system where one phase is used as a single-phase, 3-wire, a.c. system: the
neutral conductor.

EEE.1.3 Grounding of the circuits shall be made by a bonding jumper connected between the grounded
conductor and to:

a) the

ENCLOSURE of a metal-enclosed unit; or

b) the metal chassis that is bonded to the equipment’s protective earthing means of a nonmetallic
enclosed unit.

The size of the bonding jumper shall be as specified in column 4 of Table EEE.1.

EEE.1.4 The circuit may be grounded in the field if the following provisions are implemented:
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a) A field-wiring terminal is connected to the circuit by a bonding jumper. The size of the terminal
and jumper shall not be less than that specified in column 4 of Table EEE.1.

b) The field-wiring terminal is identified as the neutral by a metallic-plated coating substantially
white in colour that is readily distinguishable from the other terminals, or proper identification of the
terminal, such as a marking on the unit, or an indication on a wiring diagram attached to the unit, or
information provided in the instruction manual; and

c) the following marking is provided identifying the circuit as a separately derived source: “The
output a.c. circuit is considered as a separately derived source. If local codes require grounding of
this circuit, use terminal ' ' for bonding this circuit to the ENCLOSURE. Ground the ENCLOSURE to
a suitable grounding electrode in accordance with local code requirements. Refer to the instruction

manu

al”.

EEE15 A
grounding el
shall be:

ectrode conductor to the metal ENCLOSURE or equipment grounding conductor.

fixed unit shall be provided with a terminal that complies with EEE.2 for coml\ection of the

The terminal

a) capable of securing a conductor of a size as specified in column 3 of Table EEE.1; and

b) ma

Forana.c.o
circuit that is
originating in
ground and t

EEE.1.6 Cq¢
measuremer|

EEE.2 Wiring terminals

EEE.2.1 Eg
a) "Us

b) "U
Only"

c)"U
Cond

EEE.2.2 EX
connector th

rked with the following words: “Grounding Electrode Terminal™

utput circuit of a unit having a polarized receptacle, lead, of terminal identified g
not grounded at the unit itself because of an electrical connection to supp

ne grounded circuit contact, terminal, or lead.

mpliance with the requirements of EEE.1 shall be determined by neutral-to-grg
t. The potential shall not exceed 30 V rms\(42.4 V peak) at no-load and full-load

uipment field-wiring terminalsishall be marked as follows:
e Copper Conductors Only" if the terminal is acceptable only for connections to

5e Aluminum Conductors Only" or "Use Aluminum or Copper-Clad Aluminur
if the terminal is-acceptable only for connection to aluminum wire; and

be Copper_or Aluminum Conductors" or "Use Copper, Copper-Clad Aluminum,
Lictors” if- the~terminal is acceptable for connection to either copper or aluminum

cept as provided in EEE.2.3, a wiring terminal shall be provided with a preg
bi\is) securely fastened in place; for example, firmly bolted or held by a screw (1

s a grounded
y conductors

another wiring system, a potential involving risk_ of“electric shock shall not ¢xist between

und potential
conditions.

copper wire;

h Conductors

or Aluminum
ire.

sure terminal
ot a crimping

type).

EEE.2.3 A wiring terminal may be provided with a pressure terminal connector that is not securely

fastenedinp

lace if the construction is one of the following:

a) A wire-binding screw may be employed at a wiring terminal intended for connection of a 10 AWG
(5.3 mm?) or smaller conductor if upturned lugs, a cupped washer, or the equivalent is provided to
hold the wire in position.

b) A pressure terminal connector, including a crimping type, may be field-installed if all of the
following conditions are met:

1) The connector assemblies are available from the unit manufacturer and are specified in
the instruction manual.
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2) The fastening hardware required for an effective installation is either provided with the
unit or specified in the instruction manual.

3) The installation of the connector shall not involve the loosening or disassembly of parts
other than a cover. The means for securing the connector shall be readily accessible for
tightening before and after the installation of conductors.

4) Instructions are provided identifying the TooL and procedure for installing the connector if
other than an ordinary TOOL is required.

5) Installation of the connector in its intended manner will not result in a risk of hazard as
defined by this Standard.

EEE24 A

friction betws
mortises; a d
method.

EEE25 A
required cresd
resulting in th

EEE26 A
diameter hea

a)aN
14 AW

b)a N

en surfaces. This may be accomplished by two screws or rivets; square*gshoulders or
bwel pin, lug, or offset; a connecting strap or clip fitted into an adjacent patt; or an equivalent

viring terminal that secures the wire by crimping need not be prevented from
page and CLEARANCE distances are maintained with the terminal oriented in
e |east spacing between adjacent terminals or between the terminal and conduc

vire-binding screw at a field-wiring terminal shall not be smaller than No.
1) unless

b. 8 (4.2 mm diameter head) screw is used at a terminal intended only for the co
G (2.1 mm?) conductor or a 16 or 18 AWG (1.3.0r 0.82 mm?) SELV CIRCUIT condu

0. 6 (3.5 mm? diameter head) screw is_tised for the connection of a 16 or 18

0.82 mim?) SELV CIRCUIT conductor.

A wire-bindin

j screw shall thread into metal.

A terminal plate tapped for a wire-binding’screw shall be of metal with a minimum thickneg

(1.27 mm).

A terminal pl
0.050 in (1.27%

pte tapped for a wire-binding screw may be of metal with a minimum thickng
mm) if the terminal plate is used for a SELV or limited energy circuit and the ta

have adequale mechanicalstrength to withstand the tightening torque test specified in Table H

There shall b
tapped hole t

b provide at least two full threads.

turning if the
the position
ive parts.

10 (4.8 mm

nnection of a
ctor; or

AWG (1.3 or

s of 0.050 in

ss less than
bped threads
FEE.3.

b two of more full threads in the metal of a terminal plate. The metal may be extruded at the

Two or more

uttthreadsare ot requiredimthe metatof atermimatptate-if the-termimat-ptate

is used for a

SELV or limited energy circuit and the tapped threads have adequate mechanical strength to withstand the
tightening torque test specified in Table EEE.3.

EEE.2.7 A terminal for connection of a grounded conductor of an a.c. power circuit shall be identified as
the neutral by one of the following methods:

a) a metallic-plated coating substantially white in colour that is readily distinguishable from the
other terminals;

b) proper identification of the terminal, such as a marking on the unit, or an indication on a wiring

diagra

m attached to the unit, or information provided in the instruction manual; or

c) if field wiring leads are provided, the lead intended to be grounded shall have a white or gray

colour

and shall be readily distinguishable from other leads.
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Table EEE.1

Size of circuit bonding, equipment-grounding, and grounding electrode conductors

Column 2

Column 3

Minimum size of grounding electrode conductor

Minimum size of output circuit bonding jumper
AWG or kemil (mm?)¢

Column 1 AWG or kemil (mm?)
Maximum Copper Aluminum or copper- Copper Aluminum or copper-
current rating® clad aluminum clad aluminum
(A)
20 8 (8.4) 6 (13.3) 8 (8.4) 6 (13.3)
60 8 (8.4) 6 (13.3) 8 (8.4) 6 (13.3)
90 8 (8.4) 6 (13.3) 8 (8.4) 6 (13.3)
100 6 (13.3) 6 (13.3) 6 (13.3) 4 (21.2)
150 6 (13.3) 4 (21.2) 6 (13.3) 4 (21.2)
200 4 (21.2) 2 (33.6) 4 (21.2) 2 (33.6)
300 2 (33.6) 1/0 (53.5) 2 (33.6) 1/0 (53.5)
400 1/0P (53.5) 3/0° (85) 1/0° (53.5) 3/0° (85)
500 2/0 (67.4) 4/0 (107.2) 1/0 (53.5) 3/0 (85)
600 2/0 (67.4) 4/0 (107.2) 2/0 (67.4) 4/0 (107.2)
800 3/0 (85) 250 (127) 219 (67.4) 4/0 (107.2)
1000 3/0 (85) 250 (127) 3/0 (85) 250 (127)
1200 3/0 (85) 250 (127) 250°¢ (127) 250 (127)
1600 3/0 (85) 250 (127) 300°¢ (152) 400° (203)
2000 3/0 (85) 250 (127) 400° (203) 500° (253)
2500 3/0 (85) 250 (127) 500° (253) 700° (355)
3000 3/0 (85) 250 (127) 600° (304) 750° (380)
4000 3/0 (85) 250 (127) 700°¢ (355) 1000° (508)
5000 3/0 (85) 250 (127) 900 (456) 1250 (635)
6000 3/0 (85) 250 (127) 1200 (608) 1500 (759)
NOTE 1 See Tgble EEE.2 for equivalentiarea of bus.
NOTE 2 The equipment grounding conductor in the cord for a PLUGGABLE TYPE A or B unit may be the same siz¢ as the current-
carrying condugtors.
NOTE 3 Alumijum-grounding.conductors are not used in Canada.
Conditions applicable te Table EEE.1
@ Maximum ampere\rating of the output circuit overcurrent protective device described in 3.1/RD and 2.7.101 of this[Standard or the
input circuit ovgreurrent protective device as follows: the size of the branch circuit overcurrent protector shall equal 125% of the
input current ratirgexeept-where-this-value-does-net-correspond-with-the-standardrating-ef-a-fuse-ereiredit-breaket, in which case

the next higher standard device rating shall be used.

b If the wire terminal connectors for the input or output circuit conductors, as appropriate, are rated for two 3/0 AWG copper or two
No. 250 kemil aluminum conductors but will not accept a No. 600 kemil conductor, these values may be reduced to 2 AWG copper
or 1/0 AWG aluminum.

¢ The cross-section may be reduced to 2.5% of the total cross-section of the largest input or output circuit conductor, as appropriate,
of the same material (copper or aluminum) for any phase on units rated 1200 A and above. This applies when the cross-section of
the circuit conductors is limited by the wire terminal connectors provided.

4The bonding jumper fora PLUGGABLE TYPE A or B unit may be the same size as the current-carrying conductors of the output

circuit.
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Table EEE.2
Equivalent cross-sectional areas of wires and buses
Minimum cross-section of bus
Wire size (AWG or kcmil) in? mm?
8 0.013 8.39
6 0.021 13.55
4 0.033 21.29
3 0.041 26.45
2 0.052 33.55
0 0.083 53565
2/0 0.105 6774
3/0 0.132 85.16
4/0 0.166 107.10
250 0.196 126.45
300 0.236 152.26
350 0.275 177.42
400 0.314 202.58
500 0.393 253.55
600 0.471 303.87
700 0.550 364.84
750 0.589 380.00
800 07628 405.16
1000 0.785 506.45
1200 0.942 607.73
1250 0.981 632.90
1500 1.178 760.00
Table EEE.3
Tightening torque for wire-binding screws
Size of ternfinal.screw, Wire sizes to be tested, Tightening torque
nurmber AWG? Pound-inches Newtonimetres
6 16 —18(ST) 12 1.4
8 14(S) and 16 — 18(ST) 16 1.8
10 10 — 14(S) and 16 — 18(ST) 20 23

@ ST — stranded wire: S — solid wire
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Annex FFF
(normative)
BACKFEED PROTECTION test
(see 2.1.101)
FFF.1 General

A UPS shall not allow excessive touch currents to be available between any pairs of input terminals of the
UPS during its STORED ENERGY MODE of operation. Where the measured open circuit voltage does not

exceed 30 V rms (42.4 V peak, 60 V d.c.), the touch current measurement need not be taken.

The BACKFESH
shall open o

D PROTECTION for a stationary UPS, with an output that is not a separately) dg|
de-energize all supply conductors.

Compliance

s checked by the tests in described in FFF.2 and FFE.3.

FFF.2 Pluggable type A UPS

While the
disconnected, the following conditions shall apply for both no-load.and full-load conditions:

a) Under normal and any single fault conditions, the current shall not exceed 3
measpred between any two USER-accessible inputierminals, using the circuit shg
D/RD|

b) If such protection is provided by an internalisystem, such a system shall operate wi
discopnection of the input terminals.

FFF.3 Permanently connected UPS

The test and conditions shall be as foryFFF.2, except the protective conductor shall not be
during the test, the current shall not exceed 3.5 mA for both no-fault and single-fault condi
protection shiall operate within 15.s:

When BACKFEED PROTECTION-is provided by others and requires a remote shunt-trip or ot
mechanical |disconnection,” adequate interconnect information shall be included in th
instructions.

FFF.4 Single fault conditions

rived system,

PS is in its STORED ENERGY MODE of operation, and (with the input termimpals or plugs

.5 mA when
wn in Annex

thin 1 s of the

disconnected

ions, and the

her means of
e installation

For FFF.2 and FFF.3, single-fault conditions shall be determined by circuit inspection and/or
but shall also include potential load faults such as phase-to-earth isolation failures.

For single-phase output:

investigation,
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Figure FFF.4.1
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For three-phg
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se output:
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Figure FFF.4.2

EuT

D50

SxR

@30

O
I
No
No

PE o

S4618

The value of red
FFF.5 Airg

An air gap is
as the CLEA
determining

a) Un
BASIC

b) If t
transi

jstive load R shall be equal to that specified as the maximum load at unit POWER FACTOR by the nj

ap requirements for mechanical disconnect

only required when the BACKFEED)PROTECTION is mechanical in nature. The air

il

anufacturer.

ap is defined

ANCE distance in accordancé-with the RD. There are several elements to cpnsider when

he CLEARANCE requirements

der normal operatioh, the space between poles of phases shall meet the requirements for

INSULATION. Reference Tables 2M/RD and 2N/RD.

he unit is operating on inverter, the source is considered to be a secondary supply, which is

requi

ent free. Reference Table 2M/RD (last column). For example, circuits less than 150 V rms
e 0.7 mm for BASIC INSULATION, and circuits greater than 150 V rms but less than 300 V rms
requie 1.4.mm for BASIC INSULATION. For a UPS with floating outputs, opening all pljases and the
neutral using the required CLEARANCE for BASIC INSULATION is considered acceptable. If the output is
grounded'to the chassis, REINFORCED INSULATION or equivalent is required.

C) CLEARANCE of components meeting an applicable component standard may be further reduced,
provided that they meet both the manufacturing quality control program that has at least the same
level of assurance as the example given in Annex R.2/RD and the withstand voltage of Table
G.2/RD. For example, 0.4 mm is an acceptable air gap for voltages not exceeding 300 V rms.

FFF.6 ELECTRONIC BACKFEED PROTECTION

If the mechanism for BACKFEED PROTECTION relies on electronic controls only, the components of the
mechanism shall be able to withstand the effects of transient overvoltages, voltage variations,
electromagnetic susceptibility, electrostatic discharge, shipping, storage, thermal cycling, and humidity.
See also Annex LLL.

NOTE Examples of such tests can be found in UL 991 and CAN/CSA-E60730-1.
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GGG.1

GGG.11
be present at

BACKFEED PROTECTION is intended to prevent USERS, SERVICE PERSONNEL,

Annex GGG
(informative)

Principles of BACKFEED PROTECTION

General

the input terminals of the UPS.

UNINTERRUPTIBLE POWER SYSTEMS store and generate hazardous energy. These energies may

or electricians from

unforeseeable or unnecessary exposure to such hazards. The control scheme is called BACKFEED

PROTECTION.
could otherwi

Two levels of

a) Ley
likely.
unplug

b) Le
PERSO
would
to BAC]

The USER is
and SERVICE H
permanently

BACKFEED PR(

Mechanical B
device (conta

ELECTRONIC B
mechanism i
semiconductd

NOTE Referencq

Where the Ul

BACKFEED PROTECTION functions when a.c. nput power 1S removed and hazard
5e be present at the input terminals of the UPS.

protection are assumed:
el 1: OPERATOR ACCESS AREA — BACKFEED PROTECTION is required ‘Where USER
An example of this would be any PLUGGABLE EQUIPMENT TYPE A UPS on which th
el 2: RESTRICTED ACCESS LOCATION — BACKFEED PROTECTION is required wh

be a PLUGGABLE EQUIPMENT TYPE B or permanently:connected UPS on which the
KFEED would be internal to the unit or in the service panel supplying power to the

brotected within one second from disconnection for PLUGGABLE EQUIPMENT TYH
ERSONNEL and electricians must be protected within 15 s for PLUGGABLE EQUIPM
connected devices. This time includes dny time necessary to discharge filter cap|

TECTION can be mechanical or electronic.

IACKFEED PROTECTION should’meet a minimum air gap requirement. If not, thg
cts) may be forced closed,jand this will not be counted as a fault.

IACKFEED PROTECTION*includes a mechanism to determine that it is functioning
5 intended to be 'single-fault-tolerant. The BACKFEED PROTECTION operates with
r devices in any-single phase of the PRIMARY POWER path failed.

Annex FFF for additional testing requirements.

the unit and touch the pins of the line cord plug or appliance coupler of the UPS.

us energies

exposure is
e USER could

ere SERVICE

NNEL or electrician exposure is likely, but USER expoesure is not likely. An example of this

only access
UPS.

PE A devices,
ENT TYPE B or
acitors.

b mechanical

roperly. This
any and all

’S |s supplied W|th more than one a.c. source, such asina BYPASS condition,

PROTECTION V
UPS.

€ BACKFEED
pnergy of the

BACKFEED PROTECTION works under any normal operating condition. This should include any output load or
input source condition deemed normal by the manufacturer; however, it is common practice to only test at
full- and no-load conditions, unless analysis of the circuitry proves other conditions would be less
favourable. The circuitry that controls the BACKFEED PROTECTION is intended to be single-fault-tolerant.

BACKFEED PROTECTION can accomplish this by disconnecting the AC MAINS SUPPLY wiring from the internal
energy source, by disabling the inverter and removing the hazardous source(s) of energy, reducing the
source to a safe level, or by placing a suitable mechanical barrier between the USER, SERVICE PERSONNEL,
or electrician and the hazardous energy.

GGG.1.2 Hazardous energy is defined in the body of this Standard. The method of measurement is as
follows:
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a) For pluggable equipment, it is determined by opening all phases, neutral and ground.

b) For permanently connected devices, the neutral and ground are not removed during the
BACKFEED tests.

GGG.1.3 Measurements are taken at the UPS input connections across the phases, from phase to
neutral and phase and neutral to ground, using the body impedance model as the measurement device.

GGG.2 Air gap requirements for mechanical disconnect

An air gap is only required when the BACKFEED PROTECTION is mechanical in nature. The air gap is defined
as the CLEARANCE distance in accordance with the RD. There are several elements to consider when

determining

a) Under normal operation, the space between poles of phases must meet the, requirements for
BASIC|INSULATION. Reference Tables 2M/RD and 2N/RD.

b) If the unit is operating on inverter, the source is considered to be a secondary supply, which is
transient free. Reference Table 2M/RD (last column). For example, circuits less than 150 V rms
requife 0.7 mm for BASIC INSULATION, and circuits greater than 150.V,rms but less than 300 V rms
requife 1.4 mm for BASIC INSULATION. For a UPS with floating outputs, opening all phases and the
neutral using the required CLEARANCE for BASIC INSULATION is considered acceptable. If the output is
grounded to the chassis, REINFORCED INSULATION or equivalent is required.

CLEARANCE df components meeting an applicable component.standard may be further reduged, provided
that they meet both the manufacturing quality control program that has at least the game level of
assurance the example given in Annex R.2/RD and the withstand voltage of Table| G.2/RD. For
example, 0.4 mm is an acceptable air gap for voltages:not exceeding 300 V rms.

GGG.3 Fault testing
All BACKFEED|PROTECTION control circuits are subject to failure analysis and testing.
GGG.4 Relays

Relays in th¢ power path that-are required to open for BACKFEED PROTECTION should be rjormally open
when not engrgized.

If the relay dpes not meet-the required CLEARANCES, the shorting of either pole/contact may e considered
as a single fault to (simulate the welding of the contacts. The failure of a single relay coptact may be
sensed and the inverter disabled to prevent feedback.

St o b 1ol 7o) l o oot of AAN0/ ~f £L ; ;
The relay mustoenorsepower-ratetor Pass—a—ou-tycre-enaurantetestarovo /o o tnehNof al SWItChIng

current.

GGG.5 Electronic protection

Electronic protection for BACKFEED PROTECTION is acceptable if the operation of the electronic protection
device is sensed and the inverter is disabled if a fault is found. This is the same requirement as for a relay
having less than the required air gap or CLEARANCE.

GGG.6 Mechanical protection

Mechanical protection for BACKFEED PROTECTION is acceptable if it prevents the USER from accessing
HAZARDOUS VOLTAGES and cannot be readily defeated without the use of a TooL. The voltage rating of the
mechanical protection should be no less than the maximum out-of-phase voltage.
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GGG.7 Control circuitry

The failure, open- or short-circuit, of any component of the BACKFEED PROTECTION circuitry may be
analyzed to evaluate the effects on the proper operation of the BACKFEED PROTECTION. Testing may be
done on all components where analysis of the results is arguable.

Components such as resistors and inductors are considered to fail open-circuit only. Capacitors may fail
open or shorted. Solid-state devices typically fail short and then open.

Microprocessor controls are considered to be acceptable if the circuit operates safely with any single
control line open or shorted to control logic ground. Failure of the microprocessor can also be simulated by
opening the Vcc pin or shorting the Vcc pin to ground.

If the control gircuitry is fully redundant, for example, N + 1, failure analysis of individual components is not
required if thg failure of one circuit results in a fail-safe mode of operation.
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Annex HHH
(normative)

Ventilation of battery compartments

(see 4.3.8.101.2.4)

HHH.1

The requirements of HHH.2 to HHH.5 apply to units having VENTED BATTERIES.

HHH.2 The ENCLOSURE or compartment housing a battery shall be vented where gassing is possible
during heavy discharge, overcharging, or similar type of usage. The means of venting shall provide airflow
throughout the compartment in order to reduce the risk of buildup of pressure or accumulation of a gas

mixture, suchrastydroger=air;, thatinvotves ariskof imjury topersors:
HHH.3 Arc
the ENCLOSU
or compartm
fuses and ¢
sensors (suc

ng parts, such as the contacts of switches, circuit breakers, and relays, shall hof
RE or compartment housing a VENTED BATTERY described in HHH.2, ner shall th
ent vent into closed spaces where such parts are located. For purposes of this
bnnectors are not considered to contain arcing parts. Battery or\compartme
h as temperature sensors and the like) may be located in the ENCLOSURE or com

HHH.4 I th
necessitate |
compartmen

e gas mixture is lighter than air (such as hydrogen-aif),~the requirement o
bcating additional ventilation openings in the uppermost portions of the battery
where such a gas mixture may accumulate.

HHH.5 With reference to HHH.4, the venting means shall prevent hydrogen concentration
1% by volume. If the adequacy of the ventilation required.in HHH.2 is not obvious, a determir]
made by megsurement of gas concentration in accordance with the battery compartment ver
HHH.7. A battery at full charge, when most of the charging energy goes into gas,
approximately 1 ft> (28.3 L) of hydrogen gas per cellfor each 63 ampere-hours of input. See |

HHH.6 Th
the requirem

ventilating means for an ENCLOSURE or a compartment housing a battery sha
nts of HHH.2 to HHH.5 undet-blocked fan and blocked filter conditions describe

HHH.7 If almeasurement is needed-to determine if a battery compartment complies wit
battery supply shall be subjected‘to the overcharge test in 4.3.8.101.2.5. During, and at the
the test, the maximum hydrogen‘gas concentration shall not be more than 2% by volume. M
shall be made by sampling the atmosphere inside the battery compartment at the periods of

be located in
€ ENCLOSURE
requirement,
Nt monitoring
partment.

HHH.2 may
ENCLOSURE of

5 in excess of
ation shall be
tilation test in
will generate
HHH.6.

| comply with
din 5.3.101.

h HHH.5, the
conclusion of
easurements
2,4,6,and 7

h during the fest. Samples:of the atmosphere within the battery compartment shall be taken at the location

where the gfeatest concentration of hydrogen gas is likely, using an aspirator bulb prov
concentration measdrement equipment, or other equivalent means.

HHH.7A THe gas generatlon determmatlon conducted as part of the Overcharge Thermal R

ded with the

Runaway Test

of UL 1973,

plication, can

be utilized to determine swtable ventllatlon for vented batterles mstead of runnlng the test of HHH.7.

HHH.8 In the United States the following applies:

If the battery is located in a HAZARDOUS VOLTAGE, PRIMARY, or ELV CIRCUIT, the battery shall ¢

onform to the

Standard for Batteries for Use in Stationary and Motive Auxiliary Power Application, UL 1973.
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Annex Il
(normative)

Standards for components

lll.1 Component Standards

The CSA Group and UL Standards listed below are used for evaluation of components and features of
products covered by this Standard. Components need only comply with the applicable component
standard acceptable in the country where the product is to be used. These Standards shall be considered

to refer to the latest edition and all amendments published to that edition.

CSA Group $tandards

CAN/CSA-CZ2.2 No. 0.4-04 (R2009),
Bonding of Electrical Equipment

C22.2 No. 0.15-01 (R2012),
Adhesive Labels

CAN/CSA-CZ2.2 No. 0.17-00 (R2009),
Evaluation of|Properties of Polymeric Materials

CAN/CSA-CZ2.2 No. 4-04 (R2009),
Enclosed and Dead-Front Switches

C22.2 No. 5-13,
Moulded-Case Circuit Breakers, Moulded-Case Switches and Circuit-Breaker Enclosures

C22.2 No. 8-M11986 (R2008),
Electromagnétic Interference (EMI) Filters

C22.2 No. 14110,
Industrial Control Equipment

C22.2 No. 18]1-13,
Metallic Outldt Boxes

C22.2 No. 18]2-06 (R2011),
Nonmetallic Qutlet'Boxes

C22.2 No. 18.3-1Z,
Conduit, Tubing, and Cable Fittings

CAN/CSA-C22.2 No. 18.4-04 (R2009),
Hardware for the Support of Conduit, Tubing, and Cable

C22.2 No. 18.5-13,
Positioning Devices

C22.2 No. 21-95 (R2009),
Cord Sets and Power Supply Cords

C22.2 No. 24-93 (R2013),
Temperature-Indicating and Regulating Equipment


https://ulnorm.com/api/?name=UL 1778 2024.pdf

APRIL 3, 2024

CSA C22.2 No. 107.3-14 ¢ UL 1778

C22.2 No. 29-M1989 (R2009),

Panelboards

and Enclosed Panelboards

C22.2 No. 39-13,
Fuseholder Assemblies

C22.2 No. 42-10,

General Use

Receptacles, Attachment Plugs, and Similar Wiring Devices

C22.2 No. 43-08,
Lampholders

C22.2 No. 55
Special Use

C22.2 No. 65
Wire Conned

C22.2 No. 66
Low Voltage

C22.2 No. 66
Low Voltage

C22.2 No. 64
Low Voltage

C22.2 No. 75
Thermoplast,

C22.2 No. 71
Motors with

CAN/CSA-C
Special Purp

C22.2 No. 10
Motors and (

C22.2 No. 11
General-Usg

-MT986 (R20712),
Switches

-13,
tors

.1-06 (R2011),
Transformers Part 1: General requirements

.2-06 (R2011),
Transformers Part 2: Special Purpose Transformers

.3-06 (R2011),
Transformers Part 3: Class 2 and Class 3 Transformers

08,
c-Insulated Wire and Cables

-95 (R2009),
nherent Overheating Protectioh

P2.2 No. 94-M91 (R2011),
pse Enclosures

0-04 (R2009);
benerators

1-10,

Snap’ Switches

C22.2 No. 141-10,
Emergency Lighting Equipment

C22.2 No. 153-09,
Electrical Quick-Connect Terminals

C22.2 No. 158-10,
Terminal Blocks

C22.2 No. 178.1-12,
Transfer Switch Equipment

C22.2 No. 178.2-04 (R2009),
Requirements for Manually Operated Generator Transfer Panels
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C22.2 No. 182.3-M1987 (R2009),
Special Use Attachment Plugs, Receptacles and Connectors

C22.2 No. 190-M1985 (R2009),
Capatcitors for Power Factor Correction

C22.2 No. 197-M1983 (R2008),
PVC Insulating Tape

C22.2 No. 209-M1985 (R2008),
Thermal Cut-Offs

CAN/CSA-C7
Protectors in

C22.2 No. 23
Supplementa

CAN/CSA-CZ
Switchboards

CAN/CSA-C2
Low Voltage

CAN/CSA-CZ
Low Voltage

C22.2 No. 24
Low Voltage

C22.2 No. 24
Low Voltage

CAN/CSA-C2
Low Voltage

CAN/CSA-CZ
Low Voltage

CAN/CSA-CZ

2.2 No. 226-92 (R2017),
Telecommunication Networks

b-04 (R2013),
Iy protectors

2.2 No. 244-05 (R2010),

2.2 No. 248.7-00 (R2010),
Fuses — Part 7: Class H Renewable Fuses

2.2 No. 248.9-00 (R2010),
-uses — Part 9: Class K Fuses

B.11-11,
Fuses — Part 11: Plug Fuses

B.12-11,
Fuses — Part 12: Class R Fuses

2.2 No. 248.13-00 (R20410),
Fuses — Part 13: Semiconductor Fuses

2.2 No. 248.14-00 (R2010),
Fuses — Part\14: Supplemental Fuses

2.2 N6.248.15-00 (R2010),
Fyses’— Part 15: Class T Fuses

Low Voltage

CAN/CSA-C22.2 No. 60065:03 (R2012),
Audio, video and similar electronic apparatus — Safety requirements

CAN/CSA-C22.2 No. 61058-1-09,
Switches for Appliances — Part 1: General Requirements

CAN/CSA-E60730-1:13,

Automatic electrical controls for household and similar use — Part 1: General requirements

UL Standards

Air Filter Units —

UL 900
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Analog Instruments, Electrical — Panel Board Types —
UL 1437

Attachment Plugs and Receptacles —
UL 498

Batteries for Use in Stationary and Motive Auxiliary Power Application —
UL 1973

Building Materials, Test for Surface Burning Characteristics of —
UL 723

Capacitors —
UL 810

Controls, Limit —
UL 353

=

Cord Sets arld Power-Supply Cords —
UL 817

Switchboard.
UL 891

o>
|

Enclosures fpr Electrical Equipment, Non-Environmental Considerations —
UL 50

Enclosures for Electrical Equipment, Environmental-Considerations —
UL 50E

Electromagngtic Interference Filters —
UL 1283

Emergency llighting and Power Equipment —
UL 924

Equipment Wiring Terminals-for Use with Aluminum and/or Copper Conductors —
UL 486E

Fittings, Confluit, Tubing, and Cable —
UL 514B

Fixed Capacitors for Use in Electronic Equipment — Part 14: Sectional Specification: Fixed Capacitors for
Electromagnetic Interference Suppression and Connection to the Supply Mains —
UL 60384-14

Flexible Cords and Cables —
UL 62

Fuseholders — Part 1: General Requirements —
UL 4248-1

Fuseholders — Part 4: Class CC —
UL 4248-4
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Fuseholders —

UL 4248-5

Fuseholders —

UL 4248-6

Fuseholders —

UL 4248-8

Fuseholders —

UL 4248-9

Part 5: Class G —

Part 6: Class H—

Part 8: Class J —

Part 9: Class K —

Fuseholders
UL 4248-11

Fuseholders {
UL 4248-12

Fuseholders -
UL 4248-15

Industrial Corn
UL 508

Controllers, H
UL 61131-2

Switchgear a
UL 60947-1

Switchgear a
Proximity Sw
UL 60947-5-2

Insulating Ma
UL 1446

Information Ti
UL 60950-1

Lampholders

FPart 77; Type C (Edison BaseJ and Type S Plug Fuse —

- Part 12: Class R —

- Part 15: Class T —

trol Equipment —

rogrammable — Part 2: Equipment Requirements'and Tests —

nd Controlgear, Low-Voltage — Part 1;.General Rules —

hd Controlgear, Low-Voltage.+~ Part 5-2: Control Circuit Devices and Switching
fches —

ferials — General, , Systems of —

bchnology Equipment Safety — Part 1: General Requirements —

UL 496

y Elements —

Low-Voltage Fuses — Part 1: General Requirements —

UL 248-1

Low-Voltage Fuses — Part 2: Class C Fuses —

UL 248-2

Low-Voltage Fuses — Part 3: Class CA and CB Fuses —

UL 248-3

Low-Voltage Fuses — Part 4: Class CC Fuses —

UL 248-4
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Low-Voltage
UL 248-5

Low-Voltage
UL 248-6

Low-Voltage
UL 248-7

Low-Voltage
UL 248-8

Low-Voltage
UL 248-9

Low-Voltage
UL 248-10

Low-Voltage
UL 248-11

Low-Voltage
UL 248-12

Low-Voltage
UL 248-13

Low-Voltage
UL 248-14

Low-Voltage
UL 248-15

Low-Voltage
UL 248-16

Low-Voltage
Contactors a
UL 60947-4-

Fuses — Part 5: Class G Fuses —

Fuses — Part 6: Class H Non-Renewable Fuses —

Fuses — Part 7: Class H Renewable Fuses —

Fuses — Part 8: Class J Fuses —

Fuses — Fart 9: Class K Fuses —

Fuses — Part 10: Class L Fuses —

Fuses — Part 11: Plug Fuses —

Fuses — Part 12: Class R Fuses —

Fuses — Part 13: Semiconductor Fuses —

Fuses — Part 14: Supplemental Fuses;=

Fuses — Part 15: Class T Fuses =

Fuses — Part 16: Test Limiters —

Switchgear_and Controlgear — Part 4-1: Contactors and Motor-Starters — Eleclt
nd Motor-Starters —
(

Marking and
UL 969

romechanical

Labeling Systems —

Molded-Case Circuit Breakers, Molded-Case Switches and Circuit-Breaker Enclosures —

UL 489

Rotating Electrical Machines — General Requirements —

UL 1004-1

Optical Isolators —

UL 1577

Outlet Boxes, Flush-Device Boxes, and Covers, Nonmetallic —

UL 514C
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Outlet Boxes, Metallic —
UL 514A

Panelboards —
UL 67

Plastic Materials for Parts in Devices and Appliances, Tests for Flammability of —
UL 94

Polymeric Materials — Fabricated Parts —
UL 746D

Polymeric Mdterials — Long Term Property Evaluations —
UL 746B

Polymeric Mdterials — Short Term Property Evaluations —
UL 746A

Polymeric Mgterials — Use in Electrical Equipment Evaluations —
UL 746C

Printed-Wiring Boards —
UL 796

Secondary Pfotectors for Communications Circuits —
UL 497A

Supplementary Protectors for Use in Electrical Equiptnent —
UL 1077

Snap Switchgs, General-Use —
UL 20

Valve Reguldted or Vented Batteries with Aqueous Electrolytes —
UL 1989

Stationary Engine Generator Assemblies —
UL 2200

Switches for Appliances — Part 1: General Requirements —
UL 61058-1

Transfer Switch Equipment —
UL 1008

Tape, Polyvinyl Chloride, Polyethylene, and Rubber Insulating —
UL 510

Temperature-Indicating and -Regulating Equipment —
UL 873

Controls for Household and Similar Use, Part 1: General Requirements, Automatic Electrical —
UL 60730-1

Terminal Blocks —
UL 1059
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Terminals, Electrical Quick-Connect —

UL 310

Tests for Safety-Related Controls Employing Solid-State Devices —

UL 991

Tests for Sha
UL 1439

rpness of Edges on Equipment —

Thermal-Links — Requirements and Application Guide —

UL 60691

Thermally Prpotected Motors —

UL 1004-3

Transformers
UL 5085-1

Transformery
UL 5085-3

Transformers
UL 506

Surge Proteq
UL 1449

Wire Conned
UL 486A-484

Wires and C
UL 83

, Low Voltage — Part 1: General Requirements —

, Low Voltage — Part 3: Class 2 and Class 3 Transformers —

, Specialty —

tive Devices —

tors —

B

bbles, Thermoplastic-Insulated —
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Annex JJJ

(normative)

French translations and markings

This annex shall be used in conjunction with Annex NAA/RD and identifies examples of additional
markings required for Canada and the United States.

Excluding the words "WARNING" and "CAUTION", wording equivalent to that provided in this annex may

be used.

French translations of required markings are considered informative. It is the responsibility of the

manufacturer
requirements

fo provide bilingual markings, where applicable, in_accordance with local

jurisdictional

Table JJJ.1
Clause No. | Example of English text for marking Example of French text for marking
) number of phases unless intended for single phase a) nombre de phases, sauf dans le cas d’un appareil
nly ; pour circuit menephasé seulement ;
) RATED ACTIVE OUTPUT POWER W or b) PUISSANCE ACTIVE DE SORTIE NOMINALE, en
W; W ou,en kKW ;
) RATED APPARENT OUTPUT POWER VA or | c)RUISSANCE APPARENTE DE SORTIE NOMINALE,
171 VA,; en'VA ou en kVA ;
) rated output voltage V; d) tension de sortie nominale \Y
) rated output current A; €) courant de sortie nominal A;
1) rated output frequency Hz; f) fréquence de sortie nominale Hz;
) short circuit withstand rating. g) tenue nominale au courant de court|circuit.
h) NOTICE: The output of this device is hot'purely a) AVIS : La sortie de cet appareil n’est pas purement
inusoidal. It has a nominal total voltage harmonic sinusoidale. Elle présente une distorsion harmonique
istortion of percent, with thesxneminal value of the | de tension totale nominale de ___ pour c¢nt, et la valeur
largest single voltage harmonic of; percent. nominale de la tension harmonique la plup élevée est
1.7.1.101 de __ pourcent.
) NOTICE: For use with loads. b) AVIS : Pour utilisation avec des chargeis .
) NOTICE: Only foruse’with manufacturer: c) AVIS : Pour utilisation uniquement avec le
] ; model: modeéle : fabriqué par:
1.7.1.102 BEE INSTALLATION INSTRUCTIONS BEFORE VOIR LA NOTICE D’INSTALLATION AVANT DE
CONNECTING TO THE SUPPLY BRANCHER A L’ALIMENTATION
1.7.1.104 Date of:manufacture: Date de fabrication :
[his"UPS is for use with telephone equipment In Cette alimentation sans coupure est congue pour du
. : ; Ar 4|6 i S a la section 60
Code, Part |, and is subject to inspection by an du Code canadien de I'électricité, Premiéere partie et
inspector. peut étre inspectée par un inspecteur.
This unit is intended for connection to pole-mounted or Ce dispositif est destiné a étre raccordé a des
1.7.1.105 underground amplifiers. amplificateurs montés sur poteau ou enfouis.
In order to comply with the Canadian Electrical Code, Pour étre conforme au Code canadien de I’électricité,
Part I, this power supply must receive power from a Premiére partie, cette alimentation doit étre alimentée
disconnect marked suitable for use as service par un dispositif de sectionnement portant un marquage
equipment. indiquant qu’il peut étre utilisé comme appareillage de
branchement.
a) battery manufacturer name, catalogue number and a) type ou référence au catalogue des batteries et
1713101 number of batteries; nombre de batteries ;
— b) nominal voltage of total battery string; b) tension nominale de 'ensemble de la chaine de
batteries ;

Table JJJ.1 Continued on Next Page
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Table JJJ.1 Continued

Clause No. | Example of English text for marking Example of French text for marking

¢) nominal capacity of total battery string; c) capacité nominale de 'ensemble de la chaine de
batteries ;

d) a caution label denoting an energy and chemical d) étiquette de mise en garde signalant un danger

hazard and reference to the maintenance handling and chimique et de transfert d’énergie et renvoyant a des

disposal instructions for the safety of SERVICE consignes de manutention et d’élimination pour la

PERSONNEL. sécurité du PERSONNEL DE MAINTENANCE.

2.6.101 The output a.c. circuit is considered as a separately On considére que le circuit c. a. de sortie constitue une
derived source source d’alimentation indépendante

2.9.1.102 Intended fora CONTROLLED ENVIRONMENT Destiné & un ENVIRONNEMENT CONTROLE

3.5.101 Naot for telecommunication. (fnlnphnnn) naebwark Ne convient pac A dos rédscanx do féléf\hrnmunications

(téléphones)

EEE.1.4c) |[[The outputa.c. circuit is considered as a separately On considére que le circuit c. a. de\sortid constitue une
derived source. If local codes require grounding of this source d’alimentation indépendante. Si Igs codes
circuit, use terminal “ for bonding this circuit to the locaux exigent que ce circuit'soit'mis a I terre, utiliser la
ENCLOSURE. Ground the ENCLOSURE to a suitable borne ___ pour assurer la’continuité des|masses entre
grounding electrode in accordance with local code ce circuit et 'TENVELOPPE. L' ENVELOHRPE doit étre
requirements. Refer to the instruction manual. mise a la terre au moyen d’'une prise de {erre

appropriée, conformément au code locall Voir la notice.

EEE.1.5b) [|Grounding Electrode Terminal Borne pour prise dé terre
a) Use Copper Conductors Only a) Utiliseruniquement des conducteurs ¢n cuivre
b) Use Aluminum Conductors Only b) Utiliser uniquement des conducteurs ¢n aluminium
Use Aluminum or Copper-Clad Aluminum Conductors Utiliser uniquement des conducteurs en gluminium ou

EEE.2.1 Only enaluminium cuivré
c) Use Copper or Aluminum Conductors c) Utiliser des conducteurs en cuivre ou €n aluminium
Use Copper, Copper-Clad Aluminum, or Aluminum Utiliser des conducteurs en cuivre, en al@iminium cuivré
Conductors ou en aluminium
\Wrap line cables together and, if provided, tap.€ables Envelopper les cables d’alimentation réseau ensemble
together with nominal 3/8 in (9.5 mm) nylonrope or rope | et, le cas échéant, les attacher au moyen d’'une corde
having a minimum tensile strength of 2000)Ib (8896 N) en nylon de 3/8 po (9,5 mm) ou présentant une

MMM.2.4 at 6 in (152 mm) and 12 in (305 mm) from the line résistance a la traction de 2000 Ib (8896 N) a 6 po (152

et terminals with five wraps and, every additional 6 in with mm) et a 12 po (305 mm) des bornes du|réseau en
five wraps or every 1 in (25.4 mm).with one wrap effectuant cinq tours et en effectuant cing tours pour

chaque 6 po additionnels ou un tour pouf chaque pouce
(25,4 mm) additionnel
This UPS is rated for gse'on a circuit capable of Cette alimentation sans coupure convierft pour un

NNN.5.1 delivering no more/than rms symmetrical circuit pouvant débiter au plus ____ A synpétriques eff., et
amperes, volts-maximum Y,

\When protected by Manufacturer Type Si cette alimentation sans coupure est pfotégée par un
ampere maximum Class fuse, this UPS is fusible de type A, etde classe | , fabriqué par

NNN.5.2 rated for use on a circuit capable of delivering no more , elle convient pour un circuit pouvant
than rms symmetrical amperes, volts débiter au plus A symétriques eff., pt \%
maximum. E—

\A/Ren prnh:rh:\d h‘,’ Manufacturer Tyrr_\n Sicette alimentation sans cou Houre est p otegee par un
circuit breaker rated no more than amperes, this disjoncteur de type ___, fabriqué par , convenant

NNN.5.2 UPS is rated for use on a circuit capable of deliveringno | aauplus ___ A, elle convient pour un circuit pouvant
more than rms symmetrical amperes, volts débiter au plus A symétriques eff., et \%

maximum.
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Annex LLL
(informative)

Examples of US and Canadian regulatory requirements

This annex is used in conjunction with Annex NAE/RD and provides additional examples of and
references for regulatory requirements that may apply to equipment. Applicability of these requirements is
dependent on the construction of the equipment and its intended installation and use.

This annex is not intended to provide a complete list of all of the applicable requirements, only to serve as

a reference for requirements that most commonly apply to this type of equipment.

For complete
Partl, CSAC

Any undated
interpreted as

P2.1, or other referenced document must be consulted.

referring to the latest edition of that code or standard.

NOTE 1 Underlirfing to indicate text added to IEC 60950-1 is not used in this annex.

requirements, the National Electrical Code, ANSI/NFPA 70, the Canadian Llg

ctrical Code,

reference to a code or standard appearing in the requirements of ¢his”Standlard is to be

is used with selid-state devices, suitable warning shall be
provided

Table LLL.1
Clause No. Topic/summary NEC CEC, Part | Rule or
relevant ¢SA Group
Standard
1.1.2 Marking of enclosure for other than general purpose 2-402
enclosures
1.1.3 UPS units for use as legally required standby systems 701 46
1.7.1.103 Receptacles for industrial applications 261700
1.7.2.104 (f) || Equipment with field wiring terminals ‘shall be provided with 110.3 (B) CAN/CSA-¢22.2 No. 0.4
instruction specifying the range oftarque for tightening screw Table 3
terminals
2.7 Supplementary overcurrent protection shall not be used as a 240.10 141114
substitute for BRANCH CIRCUIT overcurrent devices
34 Solid-state devices, restriction of use 141700
Annex FFF Solid-state devices shall not be used as isolating switches or 141702
as disconnecting means. Where supplementary disconnection 14704
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Annex MMM
(normative)

Test and construction requirements for UPS with fault current ratings higher than those specified
in Table NNN.5

MMM.1 Short-circuit current

The UPS shall have one or more short-circuit rating values as specified in Table MMM.1, but the value
shall not be less than the values based on an equipment rating as specified in Table MMM.2.

TFabte-Miviivi-4
Available fault current ratings — rms symmetrical A

Amperes (A)
5000 22000 65 000
7500 25000 85 000
10 000 30000 100 000
14 000 35000 125000
18 000 42 000 150 000
20 000 50 000 200 000
Table MMM.2
Available short-¢circuit current
Equipment current rating, A® Short-circuit current, A
100 or less 5000
101 -400 10 000
401 and higher 20 times rating but not less than 10 P00
@ May be highdr at the option of the manufacturer. See Table MMM.1.

MMM.2 Maximum 100 000.ampere short-circuit current rating without short-circuit test

MMM.2.1 Scope

These requirements cover UPS switchboard sections and UPS sections that do not contain semiconductor
switching components, and that have an rms symmetrical short-circuit current rating for which short-circuit
tests may be waived. These requirements do not otherwise amend the requirements in this Standard.

MMM.2.2 Construction
MMM.2.2.1 General

MMM.2.2.1.1 A maximum rms symmetrical short-circuit current rating as shown in Table MMM.3 may be
assigned to a through bus (which includes a splice bus), a tap, and a section bus, of a UPS rated as
specified in Table MMM.3 without conducting short-circuit tests if all of the following conditions are met:

a) The construction is in accordance with MMM.2.2.1.2 - MMM.2.2.1.8

b) The performance is in accordance with MMM.2.3.1— MMM.2.3.3.

¢) The UPS is marked in accordance with MMM.2.4.
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MMM.2.2.1.2 For a maximum assigned rms symmetrical short-circuit current rating of 100 000 A, the
UPS (consisting of one or more sections) shall contain a single integral main molded-case circuit breaker,
low voltage a.c. power circuit breaker, or fused switch having a short-circuit rating not less than that of the
UPS, or shall be marked for use with a remote device having a short-circuit current rating not less than that
of the UPS. Supply bus bars ahead of the main overcurrent protective device shall be located in the same
section or an adjacent section.

MMM.2.2.1.3 Copper or aluminum bus bars shall be nominally 1/4 in (6.4 mm) thick and have a width as
described in Table MMM.3; holes in bus bars shall not be larger than 0.438 x 0.813 in (11.1 x 20.7 mm)
with the larger dimension limited to use along the axis of the bus bar.

Larger holes may be provided as specified in MMM.2.2.1.4 for provision of current transformers.

MMM.2.2.1.4 With regard to Figure MMM.2, copper or aluminum bus bars shall be mipimium 1/4 in (6.4
mm) thick and 2 to 7 in (50.8 to 178 mm) wide; holes in bus bars at SUPPORTS shall(not’bg larger than
0.406 % 0.75Q in (10.3 x 19.1 mm) and holes for bus bar type current transformers shall-not be larger than
9/16 x 1 13/32 in (14.3 x 35.7 mm). A bus bar shall be prevented from rotating by{means other than the
mounting bol{ specified in MMM.2.3.3.
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_ Table MMM.3
UPS ratings and characteristics
Max Max Minimum distance between
rms voltage opposite polarity bus bars®
sym. rating Bus
Short- ) (single pr bars FF | No-of Maximum distance | Ref. figures
circuit |  Min Max three; Min. bus bar | Max.busbar | o-gge | Phases . between supports or
current | rating | rating phase width width? Closest point | Centre)to cen’Ie fraction thereof®
A A A \" in mm in mm in mm in m in mm
100 000°| 800 4000 480' 4 102 7 178 EE 3 1 25.4 5 121 219 533 Figure
MMM.2—
1 29 50.8 69 153 Figure
MMM.6
100 000° 800 4 000f 480° 4 102 7 178 FF 3 4 102 6 153 13" 330 Figure
MMM.7
1 5 127 7 174
65 000 800 4 000f 480f 4 102 7 178 EE 3 1 254 5 121 219 533 Figure
MMM.2—
1 29 50.8 69 153 Figure
MMM.6
65 000° 800 4 000f 480 4 102 7 178 FF 3 4 102 6 153 21 533 Figure
MMM.7
1 5 127 7 174
50 000 0 4000 480° 2 50.8 4 102 EE! 3 1-1/2 38.1 3-1/2 88.9 14 356 Figure
MMM.2—
1 2 50.8 6 153 Figure
MMM.6
50 000 0 4 000f 480f 2 50.8 4 102 FF 3 4 102 6 159 21 533 Figure
MMM.7
1 5 127 7 174
42 000 0 1500 480 2 50.8 4 102 EE/ 1,3 5 127 9 224 21 533 Figure
MMM.1
@ Bus bars nominally 1/4 in (6.4-mm) thick aluminum ©r‘eopper, one to four per phase. Refer to MMM.2.2.1.3 and MMM.2.2.1.4 for mounting gnd support hole size.
b Refer to MMM.2.2.1.7 (EE — bus bars afranged edge to edge; FF — bus bars arranged face to face).
¢ Refer to MMM.2.2.2.2 to MMM.2.2.2.5 gnd*Eigure MMM.8 and Figure MMM.9. Spacing between bus bars crossing at right angles may be ag covered in MMM.2.2.2.3.
d Refer to MMM.2.2.1.4 to MMM.2.2.3.5 and r;qulr:: Miviiv+to riqulc rv’:rv”v‘:.TI, rlqulr:: rv1rv1rv113, atret r;qulr:: v

¢ Integral or remote main circuit breaker or fused switch required as described in MMM.2.2.1.2. Ratings are not applicable to a tap.

fThe maximum voltage rating may be 600 V if the current rating does not exceed 2 000 A.

9 The minimum distance may be 1 in (25.4 mm) for the closest point and 5 in (127 mm) centre to centre if the distance between supports is no more than 17 in (432 mm).

Table MMM.3 Continued on Next Page
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Table MMM.3 Continued
Max Max Minimum distance between
rms voltage opposite polarity bus bars®
sym. _rating Bus o .
Short- . (single gr bars FE | 1o of Maximum distance | Ref. figures
circuit Min Max three-[ [ Min.busbar | Max.busbar | o ggv | Phases . between supports or
current | rating | rating phase) width width? Closest point | Centre to.centrie fraction thereof®
A A A v in mm in mm in mm in mm in mm
h Supports may be located a maximum of 48 in (1219 mm) apart if braces are located a maximum of 13 in (330 mm) apart. See Rigure MMM.7
" Supports may be located a maximum of 48 in (1219 mm) apart if braces are located a maximum of 21 in (533 mm) apart. See Figure MMM.7.
1 Bus bars greater than 2 in (50.8 mm) in Width may be L-shaped as indicated in MMM.2.2.1.5.
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Figure MMM.1
Current transformer (CT) compartment
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|
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o O (229 mm) ] BUS BAR SUPPORT
MIN.
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su1649

NOTE - Constructions shown in Figure MMM.2— Figure MMM.6 may also be used at connection to current transformers.

@ See MMM.2.2.3.5.

® See MMM.2.2.3 and MMM.2.3.1 — MMM.2.3.3



https://ulnorm.com/api/?name=UL 1778 2024.pdf

82 CSA C22.2 No. 107.3-14 ¢ UL 1778

APRIL 3, 2024

Figure MMM.2

Location of SUPPORTS for edge-to-edge connection of bus bars for a UPS marked for use without a
main or for use with a remote main
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X — Bus SUPPORTS (bolts to nonmetallic channel, standoff insulator, or steel channel) as shown in Figure MMM.10 — Figure

MMM.12.

X4X; — Two at end of bus in supply section except that one SUPPORT may be used with a single bus bar 2 — 3 in (50.8 — 76.2 mm)

wide with a short-circuit current rating of 50 000 A or less.

X, — At end of section. One SUPPORT when horizontal bus is continuous.

X3X3 — When splice plate is used, two supports for copper bus, one SUPPORT for aluminum bus, except that one SUPPORT may be

used for a single copper bus bar 2 — 3 in (50.8 — 76.2 mm) wide with a short-circuit current rating of 50 000 A or less.

X4 — One SUPPORT required at end of horizontal bus.

X5 — One SUPPORT required at intervals as described in Table MMM.3. Connection of vertical bus to horizontal bus may serve as a
SUPPORT for the vertical bus but not for the horizontal bus. See MMM.2.2.3 for spacings between bus bars at crossovers.

Xg — At the load of splice bus, one SUPPORT required.
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Figure MMM.3

Location of SUPPORTS for right-angle connection of edge-to-edge bus bars for a UPS without a main
or marked for use with a remote main

SUPPLY DISTRIBUTION DISTRIBUTION
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| | |

| | | |

| |
X 1 1 1 1 1 1 1

< I I 1 1 I I B0

| | | |
| |

X2 | : : C(Z)

52091

X4X; — Two SUPPORTS required at line terminal end except one support may be used for single bus bar 2 — 3 in (50.8 — 76.2 mm)
wide with a short-circuit current rating of 50 000 A or less.

X, — One SUPPORT required at connection of vertical to horizontal bus or as shown in Figure MMM.4.
NOTE — For all other SUPPORTS, see Figure MMM.2.
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Figure MMM.4
Distance between SUPPORTS

Bus Centerline

S NN

Bus Support

$2299

Distance X+Y equals maximum distance allowed between supports.

Distance X + Y id the maximum distance-between SUPPORTS as shown in Table MMM.3.
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Figure MMM.5
Location of suPPORTS for edge-to-edge connection of bus bar with cables connected directly to
main
SUPPLY DISTRIBUTION DISTRIBUTION
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X4 — Connection to main serves as a SUPPORT.

X, — One SUPPORT required at intervals as specified in Table MMM.3.

X3 — SUPPORT at connection of vertical bus to horizontal or as shown in Figure MMM .4.
NOTE - For all other SUPPORTS, see Figure MMM.2.
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Figure MMM.6

Location of SUPPORTS for right-angle connection of edge-to-edge bus bar with cables not
connected directly to main
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X1X4 — Two SUPPORTS required at line terminal end except only one SUPPORT may be used for a single bus bar 2 — 3 in (50.8 —
76.2 mm) wide with a short-circuit current rating of 50 000 A or less.

X, — Connection at main serves as SUPPORT.

X3 — One SUPPORT required at intervals as specified in Table MMM.3.

X4 —One SUPPORT required at connection of vertical to horizontal bus or as shown in Figure MMM.4.
NOTE - For all other SUPPORTS, see Figure MMM.2.
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Figure MMM.7
Location of suPPORTS and BRACES for face-to-face connection of bus bars
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X1 — Line connection — SUPPORT provided by transformer or busway stub connected to enclosure.

X — Mechanical bracing between bus bars, SUPPORT located at intervals described in Table MMM.3 starting at X;. Bracing not
required to be secured to enclosure.

X, — One SUPPORT located not more than 48 in (1.2 m) from X;. For SUPPORTS along horizontal bus, see Figure MMM.2 and
Figure MMM.3. See MMM.2.2.3 for spacing between bus bars at cross over.
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Figure MMM.8
Distances between edge-to-edge bus bars of opposite polarity
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Figure MMM.9
Distances between face-to-face bus bars of opposite polarity
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Figure MMM.10
Steel channel bus bar suPPORT dimension
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Figure MMM.11

Bus bar suPPORT with standeff insulators mounted on leg of steel channel
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Figure MMM.12
Bus bar supPORT with standoff insulators mounted on base of steel channel
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MMM.2.2.1.5| Bus bar configurations shall'be flat and rectangular.

An L-shaped pus bar may be used if
a) it is|considered to be(a face-to-face configuration; or

b) the junsupported leg does not extend more than 2 in (50.8 mm) from the bus SUPPORT.
MMM.2.2.1.6| Thewumber of bus bars shall not exceed four for each phase.

MMM.2.2.1.7| “Rhase bus bars, including neutral bus bars, shall be arranged edge-to-edge of face-to-face
as described in Table MMM.3 and as shown in Figure MMM.1- Figure MMM.9.

A neutral bus bar need not comply with this requirement if the spacing between the adjacent surface of the
neutral bus bar and the nearest phase bus bar is

a) at least 5-1/4 in (133 mm) or

b) 5in (127 mm) if the short-circuit current rating of the UPS does not exceed 50 000 A.

MMM.2.2.1.8 Stacked bus bars shall not exceed a height of 1-3/4 in (44.5 mm) measured from the top of
the standoff insulator or nonmetallic channel base to the top of the highest bus bar.

At a splice bus or a joint, the height of stacked bus bars shall not exceed 2 in (50.8 mm
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