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UL Standard for Safety for Stationary Engine Generator Assemblies, ANSI/CAN/UL/ULC 2200

Third Edition, Dated September 29, 2020
Summary of Topics

This revision of ANSI/CAN/UL/ULC 2200 dated September 23, 2022 includes the following changes
in requirements:

— New Definition of "Readily Accessible” added to Glossary; 4.3A

— Cori

— Revjsions to requirements for Selective Catalytic Reduction (SCR);'51.3 — 51.8] Section

— Addition of Requirements for Accessory Equipment; 1.2A;-4.3B, Section 47A, $ection 90A,
Section 95A.

— Revjsion to the Test Potential for Medium Voltage Circuits in Table 69.1
— Cortection to Rain Test Spray Head Figure 103.2

— Updates to Referenced Publications; 553, 7.7.2, 10.1, 10.2, 31.1, 54.2, 103.6.2.8 and
103.6)3.6.

Text that hag been changed in any manner or impacted by UL's electronic publishing system is marked
with a verticdl line in the margin.

The new and revised requirements are substantially in accordance with Proposal(s) on this [subject dated
February 11,(2022 and May 20,2022.

All rights regserved. No—-part of this publication may be reproduced, stored in a retrieval system, or
transmitted in any<form by any means, electronic, mechanical photocopying, recording,|or otherwise
without prior permission of UL.

UL provides this Standard "as is" without warranty of any kind, either expressed or implied, including but
not limited to, the implied warranties of merchantability or fithess for any purpose.

In no event will UL be liable for any special, incidental, consequential, indirect or similar damages,
including loss of profits, lost savings, loss of data, or any other damages arising out of the use of or the
inability to use this Standard, even if UL or an authorized UL representative has been advised of the
possibility of such damage. In no event shall UL's liability for any damage ever exceed the price paid for
this Standard, regardless of the form of the claim.

Users of the electronic versions of UL's Standards for Safety agree to defend, indemnify, and hold UL
harmless from and against any loss, expense, liability, damage, claim, or judgment (including reasonable
attorney's fees) resulting from any error or deviation introduced while purchaser is storing an electronic
Standard on the purchaser's computer system.
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Preface

This is the Third Edition of ANSI/CAN/UL/ULC 2200, Standard for Safety for Stationary Engi
Assemblies.

ne Generator

UL is accredited by the American National Standards Institute (ANSI) and the Standards Council of
Canada (SCC) as a Standards Development Organization (SDO). ULC Standards is accredited by the

Standards Council of Canada (SCC) as a Standards Development Organization (SDO).

This Standard has been developed in compliance with the requirements of ANSI and SCC for

accreditation of a Standards Development Organization.

This ANSI/G
approved in
Developmen
date of publig

AN/UL/ULC 2200 Standard is under continuous maintenance, whereby ea(
compliance with the requirements of ANSI and SCC for accreditation of
Organization. In the event that no revisions are issued for a period-of four y
ation, action to revise, reaffirm, or withdraw the standard shall be initiated.

Annex A is identified as Normative, as such, form mandatory parts of this Standard.

Annex B, ideptified as Informative, is for information purposes only.

here are two official languages, English and Freneh. All safety warnings must
Attention is drawn to the possibility that someCanadian authorities may requ
/or installation instructions to be in both official tanguages.

In Canada, {
and English.
markings an

This joint erican National Standard and National Standard of Canada is based
supersedes, the Second Edition of UL 2200.

Comments of proposals for revisions on any part of the Standard may be submitted at any tin
should be supmitted via a Proposal Reguest in the On-Line Collaborative Standards Develog
(CSDS) at htfps://csds.ul.com.

UL's Standafds for Safety are~copyrighted by UL. Neither a printed nor electronic copy d
should be alfered in any way.,All of UL's Standards and all copyrights, ownerships, and rig
those Standards shall remain the sole and exclusive property of UL.

To purchase |UL Standards, visit the UL Standards Sales Site at
http://www.shopulstandards.com/HowToOrder.aspx or call tollfree 1-888-853-3503.

h revision is
a Standards
ears from the

be in French
ire additional

bn, and now

ne. Proposals
ment System

f a Standard
hts regarding

This Edition of the Standard has been formally approved by the UL Standards Technical Panel (STP) on

Stationary Engine Generator Assemblies, STP 2200.

This list represents the STP 2200 membership when the final text in this standard was balloted. Since that

time, changes in the membership may have occurred.


https://ulnorm.com/api/?name=UL 2200 2022.pdf

10 ANSI/CAN/UL/ULC 2200 SEPTEMBER 23, 2022
STP 2200 Membership
Name Representing Interest Category Region

Mathher Abbassi New York City Department of AHJ USA
Buildings

Blake Allen Marex Canada Limited AHJ Alberta, Canada

Phillip Brehe Solar Turbines Producer USA

Bret Dalton GE — Gas Power and Power Producer USA
Services

Susanne Dormann TUV SUD Testing & Standards Germany

Brady Eifrid Kohler Co. Producer UgA

David Engelhart Collier County Florida AHJ USA

Tim Evans UL Solutions Testing & Standards Ontario, [Canada

Jonette Herma UL Standards & Engagement STP Project Manager USA

Jeff Jonas Generac Power Systems Producer USA

Diana Pappas Jordan UL Standards & Engagement STP Chair USA

Alan Manche Schneider Electric General USA

Mark Molinski Briggs & Stratton Producer USA

Thomas Paffor: Engine & Compressor Supply Chain USA
Accessories

Prasant Panigrghy Cummins Power Systems Producer USA

James Roberts Jim Roberts and Associates General USA

Santokh Sahot Simson Maxwell Ltd Producer British Colunibia, Canada

Steve Sappingtpn Caterpillar Producer USA

Mark Siira ComRent Load'Bank Commercial Industrial User USA
Solutions

Leo Subbarao Subbarao Technologies LLC General USA

Samuel Sudler SEA Ltd General USA

Bradley Sulliva Teehnical Safety BC AHJ British Colunbia, Canada

Simon Wall Simon Wall Consulting General UK

Glen Watt Glenergy Services AHJ Australia

Dan Wegner City of West Allis AHJ USA

Eddie Young IRED Thermal Group Ltd General Alberta, Canada

International Classification for Standards (ICS): 29.160.40

For further information on UL standards, please contact:

Underwriters Laboratories Inc.
Telephone: (613) 755-2729
E-mail: ULCStandards@ul.com
I Web site: ulse.org

This Standard is intended to be used for conformity assessment.


https://ulnorm.com/api/?name=UL 2200 2022.pdf

SEPTEMBER 23, 2022 ANSI/CAN/UL/ULC 2200 1

The intended primary application of this standard is stated in its scope. It is important to note that it
remains the responsibility of the user of the standard to judge its suitability for this particular application.

CETTE NORME NATIONALE DU CANADA EST DISPONIBLE EN VERSIONS FRANCAISE ET
ANGLAISE
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INTRODUCTION

1 Scope

1.1 These requirements cover stationary engine generator assemblies that are intended for installation
and use in ordinary locations in accordance with the following:

a) The National Electrical Code, NFPA 70;

b) The Canadian Electrical Code, Part I, CSA C22.1;

c) The Standard for the Installation and Use of Stationary Combustion Engines and Gas Turbines,

NFP
d) Na
e)Th
f) The
g9)Th
h) Th
i) The
J)Em
1.2 Units th
a) AS
b) Bo
c) Prq

d) G4
| 1.2A Thesd

1.3 Hazard
mechanical

37;
ural Gas and Propane Installation Code, CSA B149.1;

e Code for Digester Gas, Landfill Gas, Biogas Generation and Utilization, ANSI/(
Installation Code for Qil-Burning Equipment, CSA B139;

p Standard for Health Care Facilities, NFPA 99;

b Code for Canadian Health Care Facilities, CSA Z8000;

Standard for Emergency, Standby Power Systems,"NFPA 110; and

brgency Electrical Power Supply for Buildingi;CSA C282.

at incorporate a pressure vessel shall comply with the following:
ME Boiler and Pressure Vessel Caode;

ler, Pressure Vessel, and Pressure Piping Code, CSA B51;
cess Piping, ASME B31.3; and

5-Fired Low Pressure Steam and Hot Water Boilers, ANSI Z21.13/CSA 4.9

requirements apply to accessory equipment intended to modify the unit constru

5 addressed by this Standard include electrical (energy, shock, explosid

gaseous fuels

CSA B149.6;

ction.

n, and fire),
or liquid and

enclosures and moving parts), fuel related (containment and flow control f

1.4 These requirements do not cover engine generator assemblies for use in hazardous (Classified)

locations.

1.5 These requirements do not cover engine generator assemblies for shipboard marine applications.

2 Components

2.1 Except as indicated in 2.2, a component or auxiliary equipment used as a part of a unit covered by
this Standard shall comply with the requirements for that component. A component shall comply with both
the applicable United States and Canadian Standards.

2.2 A component is not required to comply with a specific requirement that:
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a) Involves a feature or characteristic not required in the application of the component in the
product covered by this standard, or

b) Is superseded by a requirement in this standard.

2.3 A component shall be used in accordance with its rating established for the intended conditions of
use.

2.4 Components that are incomplete in construction features or restricted in performance capabilities
shall be used only under the specific conditions for which they have been evaluated.

3 Units of Measurement

3.1 The valyes given in SI (metric) units shall be normative. Any other values are for infermation only.

3.2 Values s$tated without parentheses are the requirement. Values in parenthéses are explanatory or
approximate information.

4 Glossary
4.1 In the teixt of this Standard, the term "unit" refers to any produetCovered by this Standard.
4.2 For the purpose of this Standard, the following definitions-apply.

4.3 AC CONVENIENCE RECEPTACLE — A receptaclethat is intended for general use.

4.3A ACCEPBSIBLE, READILY (READILY ACCESSIBLE) — Capable of being reached quickly for
operation, repewal, or inspections without requiring those to whom ready access is requisite to take
actions such ps to use tools (other than keys),-to climb over or under, to remove obstacles, ¢r to resort to
portable laddgrs, and so forth. [NFPA 70, Article 100]

NOTE 1: Use of keys is a common practice under controlled or supervised conditions and a common alternative to the ready access
requirements undler such supervised conditiens as provided elsewhere in the NEC.

NOTE 2: Within the context of this Stanidard, a readily visible marking shall be readily accessible for visual inspection

4.3B ACCEBSORY,EQUIPMENT — A piece of equipment that is:

a) Degigned'to be attached or added to a unit of a system; and

b) Of asize that it can be marked for identification by a catalog number or its equivalent.

4.4 AMBIENT AIR TEMPERATURE - The temperature, determined under prescribed conditions, of the
air surrounding the complete engine generator assembly, switching device or fuse. [IEC 60050-441: IEV
ref 441-11-13, modified]

NOTE: For engine generator assemblies, switching devices or fuses installed inside an enclosure, it is the temperature of the air
outside the enclosure.

Adapted by UL from IEC 60050-441, International Electrotechnical Vocabulary Chapter 441: Switchgear, Controlgear and Fuses,
with permission of the American National Standards Institute (ANSI) on behalf of the International Electrotechnical Commission. All
rights reserved.

4.5 AUTOMATIC SAFETY SHUTOFF VALVE (ASSV) — A device consisting of a valve and operator that
controls the fuel supply to the engine. The operator may be actuated by the application of fuel pressure on
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a flexible diaphragm, by electrical means, by mechanical means, or some other means. The valve serves
as a safety device that closes upon command from the automatic engine shutdown sensor or
programmable control.

Adapted from ANSI Z21.21-2015/CSA 6.5-2015 with permission of CSA Group.

4.6 AUTOMATIC VALVE - A valve which controls the flow of fuel to the engine during normal operation,
and will automatically shut off the flow of fuel to the engine in case the engine stops for any cause.
Automatic valves include zero governor type regulating valves, safety shutoff valves, and combination

metering safety shutoff valves. Also see 4.5.

Adapted from ANSI Z21.21-2015/CSA 6.5-2015 with permission of CSA Group.

4.7 AUTON
control syste

4.8 BARRI
electric shoc

4.9 BATTE
battery or ce

410 BATT
controlled by

411 BATTH
to the atmos

412 BUS
distributing th

413 CAST]
components
are typically

414 CELL
by a commo,
electrical end

IATIC SAFETY VENT VALVE (ASVV) — A valve that is automatically opens
M or by an emergency device.

FR — A means of isolating that reduces the risk of access to a part that involves
, injury to persons, or electrical energy — high current levels. See 464 and 4.65

RY CASE/COVER — The container that directly encloses,and confines the el
l.

ERY, VALVE-REGULATED — A battery in which.the venting of the products of
a reclosing pressure-sensitive valve.

ERY, VENTED — A battery in which the products of electrolysis and evaporation
pbhere. These batteries have commonly-been referred to as "flooded" or "wet."

BAR — A conductor or an assembly of conductors for collecting electric
em to outgoing feeders.

INSULATED or CAST.INSULATION — A polymeric insulating material applied t
or equipment such.as, transformers, windings, bus bars or coils. Cast insulateg
potted or fully impregnated with an epoxy resin.

— The main‘components are two electrodes of dissimilar material separated fron
h ionically<conductive electrolyte, that are intended to convert chemical energ

rgy.

415 CLAS

5 "POWER | IMITED CIRCUIT — A circuit which is supplied from a source h

by the safety

a risk of fire,

ectrolyte of a

electrolysis is

escape freely

currents and

o conductors,
components

h one another
l directly into

ving a rated

output of not more than 30 V and 1000 VA. This is often wiring between the protective overcurrent device
and connected load equipment.

4,16 CLASS 2 CIRCUIT — A circuit which is supplied from a Class 2 transformer.

4.17 CLASS 2 TRANSFORMER - A step-down transformer complying with the applicable requirements
in CSA C22.2 No. 66-1 /UL 5085-1 and CSA C22.2 No. 66.3 / UL 5085-3.

4.18 CLASS 3 CIRCUIT — In the US, a circuit which is supplied from a Class 3 Transformer.

In Canada, Class 3 circuits are not recognized in the Canadian Electrical Code, Part I.

4.19 CLEARANCE - The shortest distance through air spacing between two conductive parts.
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4.20 COMPONENT — Refers to subassemblies used in the construction of the generating assembly.

4.21 CONDUCTIVE PART — A part which is capable of conducting current, although it is not necessarily
used for carrying current. [IEC 60050-441: IEV ref 441-11-09, modified]

Adapted by UL from IEC 60050-441, International Electrotechnical Vocabulary Chapter 441: Switchgear, Controlgear and Fuses,
with permission of the American National Standards Institute (ANSI) on behalf of the International Electrotechnical Commission. All
rights reserved.

4,22 CONTROL CIRCUIT — A circuit used for monitoring and or control of an engine generator assembly.

4,23 CONTROL POWER TRANSFORMER (CPT) — A transformer utilized to supply voltage for control
circuits and apixiliary devices.

4.24 COVER - An unhinged portion of an enclosure that covers an opening.

4.25 CREE
between two

PAGE DISTANCE — The shortest distance along the surface.‘of,"an insula
conductive parts.

ting material

4.26 DEDIC

power to spe
battery charg

4.27 DEGR
prevent acces

4.28 DOOR

4.29 ELECIT
between posi

430 ELECT
files) provideq
an electronic

4.31 ENCL(

a) Reg
or

ATED PURPOSE GENERATOR OUTLET / RECEPTACLE — A receptacle ug
Cific purpose generator components or accessories sdeh as block heaters, oil
BrS.

FE OF PROTECTION — The extent of protection provided by an enclosure
s to moving parts.

— A hinged portion of an enclosure that'covers an opening.

ROLYTE - A semisolid, liquid,)or aqueous salt solution that permits ioni
ive and negative electrodes of.a cell.

RONIC FORMAT — Any“electronic media content (other than computer progra
on commonly available physical media or internet link, which is intended to be
form (such as a textfile or PDF) or as printed output derived from the electronic

DSURE — That ' portion of a unit that:

uces the-accessibility of a part that involves a risk of fire, electric shock or injur

ls

ed to supply
heaters, and

or guard to

C conduction

S or system
ed in either
jocument.

y to persons;

b) Reduces the fisk of propagation of flame, sparks, and molten metal initiated by an electrical
disturbance occurring within.

4.32 ENGINE — A prime mover machine that converts energy into motion that may consume fuel in the
process.

4.33 FIELD-WIRING LEAD - Any lead to which a supply, load, or other wire is intended to be connected
by an installer.

4.34 FIELD-WIRING TERMINAL — A terminal to which a supply, load, or other wire is intended to be
connected by an installer.

4.35 GENERATOR ASSEMBLY
generator/alternator.

— Refers to the assembly, consisting of the engine and


https://ulnorm.com/api/?name=UL 2200 2022.pdf

SEPTEMBER 23, 2022 ANSI/CAN/UL/ULC 2200 17

4.36 GROUND — The earth.

4.37 GROUNDING KIT — A grounding terminal means intended to be field-connected or factory-installed,
consisting of connectors (lugs) and hardware, such as bolts, studs, or screws, and suitable for connecting
a conductor 14 AWG (2.08 mm?) or larger to equipment required to be grounded, which is in addition to the
means for securing conduit or cable armor. It is not intended that a grounding kit consist merely of screws
for direct attachment of grounding conductors.

In Canada, a grounding kit can also be referred to as a bonding kit.

4.38 HEAT SINK - A piece of thermally conductive metal attached to a semiconductor or other electronic
device and eignnd io prn\/anf it from r\\/orhagfing hy nnnHllnfing heat away. from it and r:\rl'ating it to the

environment

439 IMPU
form and pol

| SE WITHSTAND VOLTAGE - The specified peak value of impulse xoltages,
brity, that does not cause breakdown under specified conditions of test.

of prescribed

440 INSUL
temperature

ATION CLASS - The classification of insulation materials for the purpose o
imits for the use of the material.

f establishing

441 INTER
electric shoc
or to automa

4.42 |ISOLA
provides, in {
441: IEV ref 4

Adapted by UL
with permission
rights reserved.

4.43 LIMIT

LOCK — A means relied upon to reduce the accessibility to an area that res
K, electrical energy — high current levels, or injury to)persons until the risk has b
ically remove the risk when access is gained.

TING MEANS (isolating switch or disconfector) — A mechanical switching
he open position, isolating distance in the'main circuit from the source of powe
141-14-05, modified]

from IEC 60050-441, International Electrotechnical Vocabulary Chapter 441: Switchgear, Contro|
of the American National Standards Institute (ANSI) on behalf of the International Electrotechnical

ED-ENERGY CIRCUIT — An ac or dc circuit having a voltage not exceeding 1

ults in risk of
Ben removed,

) device that
. [IEC 60050-

gear and Fuses,
Commission. All

DOO volts and

the energy lifnited to 100 volt-amperes by any of the following:
a) Sefondary winding-of a transformer;
b) One or more\resistors complying with 26.10; or

c) A regulating network complying with 26.11.

4.44 LINEAR LOAD - A load that does not rectify the current or otherwise alter the current wave shape,
resulting in a load current that is proportional to the instantaneous voltage.

445 LIVE PART — Denotes metal or a conductive part within the unit that during intended use involves a
risk of electric shock.

446 LOW-VOLTAGE - For this Standard, ac voltage in the range of 50 to 1,000 Vac and 1,500 Vdc (in
Canada, 30 to 750 V). The applicable installation codes refer to voltages above 1,000 Vrms (750 Vrms in
Canada) as “high voltage”.

447 LOW-VOLTAGE, LIMITED-ENERGY (LVLE) CIRCUIT — A circuit involving an alternating current
voltage of not more than 30 Vrms (15 Vrms wet), 42.4 V peak (24.2 V peak wet) or a direct current voltage
of not more than 42.4 V (30 V wet) and supplied by:
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a) An inherently limited Class 2 transformer or a not inherently limited Class 2 transformer and an
overcurrent protective device that is:

1) Not of the automatic reclosing type;
2) Trip-free from the reclosing mechanism; and

3) Either not readily interchangeable with a device of a different rating, or provided with a
marking in accordance with 94.7.

b) A combination of an isolated transformer secondary winding and one or more resistors or a

regulating network complying with 26.11 that complies with all the performance requirements for an
inherently limited Class 2 transformer or power source:; or

c) A Qattery that is isolated from the primary circuit or a combination of a battery, jncluding the
battery charging circuit of a unit that is isolated from the primary circuit, and one-or more resistors
or a rggulating network complying with 26.11.

The DC dry yoltage limit is 60 V in the US and 42.4 V in Canada, and this Standard includes the lower

value for congistency.

4.48 MECHANICAL GUARD (or partition) — A part, barrier, or enclosure that reduces the r{sk of access
to or separatihng a component from another or prevents the splashing, dripping or spraying of coolant, oil,

or fuel that hgs the potential of causing an electrical fire, fuel fire hazard, or injury to persons.

4.49 MEDIYM-VOLTAGE - For this Standard, a voltage>over 1,000 Vac or 1,500 Vdc (in Canada, over
750 V), up tg 46 kV. The applicable installation codes: refer to voltages above 1,000 Vrms {750 Vrms in

Canada) as “lpigh voltage”.

450 MEDIUM-VOLTAGE COMPARTMENT = A compartment containing one or more medium-voltage

components.

4.51

MEDIUM-VOLTAGE FUSE - A_current-limiting fuse intended for use in medium-volfage circuits,

capable of ipterrupting all currents from the rated maximum interrupting current down |to the rated

minimum intefrupting current (where applicable).

NOTE: See IEEE C37.40, which\categorizes different types of current-limiting fuses based on their minimum int¢rrupting current

capability:

a) BACKUP CURRENT-LIMITING FUSE — a current-limiting fuse capable of interrupting all currents from itg rated maximum
interrupfing current down to its rated minimum interrupting current.

ELQE

currents from its rated maximum interrupting current down to the minimum continuous current that can cause the fusible
element to melt.

¢) GENERAL-PURPOSE CURRENT-LIMITING FUSE - a current-limiting fuse capable of interrupting all currents from its
rated interrupting current down to the current that causes melting of the fusible element(s) in one hour or more.

4.52 MODULE - A packaged functional assembly component of the generator assembly, such as engine
module or generator module.

4,53 OPERATING VOLTAGE - The voltage across two points occurring due to normal operation of the
product when controls are set in any position.

4,54 OUTPUT RECEPTACLE - A receptacle that is intended to carry the output power of the generator.
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455 OVERCURRENT - A current exceeding the rated continuous current. Overcurrents can result from
motor starting, overload, short-circuit, or ground faults.

456 OVERLOAD - Equipment operating condition exceeding normal rated current or power.

457 OVERVOLTAGE CATEGORY - Grouping of products based on typical installed location with
respect to overvoltage protection and available energy.

4.58 POLLUTION - Any addition of contaminants, solid, liquid, or gaseous (ionized gases), and moisture
that may produce a reduction of dielectric strength or surface resistivity.

459 POLL|
clearance an

it-aproduct where the
by desigh af the product.
on-ventilated

Y c O

d creepage distance measurement is made and can be controlle

For examplg
enclosures d

, enclosures can be used to achieve pollution degree 3, heaters within
an help achieve pollution degree 2, and encapsulation can be used to ach

eve pollution

degree 1.
4.60 PRESSURE TERMINAL CONNECTOR - A field-wiring terminal that accomplishes the connection
of one or mpre conductors by means of pressure without the use of solder. Examples ¢f a pressure

terminal confmector are the:

a) Ba
b) Cri

c) Clg

4.61 PRIM
and or branc

4.62 REST

a) Ac
restri

b) Ac
autho

463 RISK
health) and t

rel and setscrew type;
mp-type barrel; or

mping plate and screw type.

ARY CIRCUIT — Wiring and components that are conductively connected to a
N circuit.

RICTED ACCESS AREA - A Jocation for equipment where the following apply:

cess is only gained by service personnel who have been instructed of the re
tions applied to the:lgeation and about any precautions that must be taken; and

Cess is through.the use of a special tool or other means of security and is cor
rity responsible for the rotating equipment or live component location.

— Combination of the probability of occurrence of harm (i.e. physical injury
ne seyerity of harm. [ISO 12100, 3.12, modified]

power output

asons for the

trolled by the

br damage to

4.64 RISK OF ELECTRIC SHOCK - As defined in Electric Shock, Section 9.

4.65 RISK OF ELECTRICAL ENERGY — HIGH CURRENT LEVELS - The risk for damage to property or
injury to persons, other than by electric shock, from available electrical energy is determined to exist, when
between a live part and an adjacent dead metal part or between live parts of different polarity, there exists
a potential of 2 V or more and either:

a) An available continuous power level of 240 VA or more; or

b) A reactive energy level of 20 J or more.

For example, a tool, or other metal short-circuiting a component is capable of causing a burn or a fire when
enough energy is available at the component to vaporize, melt, or more than warm the metal.
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4.66 RISK OF FIRE — A risk of fire exists at any component unless an investigation of the supply
delivering power to that component complies with the criteria in 26.4 — 26.12.

4,67 SAFETY CIRCUIT — Any primary or secondary circuit that is relied upon to reduce the risk of fire,
electric shock, injury to persons, or electrical energy — high current levels. For example, in some
applications, an interlock circuit is a safety circuit.

4.68 SAFETY FUNCTION — Function of a machine whose failure can result in an immediate increase of
risk(s). [ISO 12100, 3.30]

4.69 SECONDARY CIRCUIT — A circuit supplied from a secondary winding of an isolating transformer.

"

See Section S

470 SERVI
disconnects &

471 SERVI
of the risks e

themselves @nd other persons. Service personnel tasks include periodic engine main

changing oil

4,72 SKIN-T
exterior to the
the enclosure

4.73 STATI

4.74 SWITQ
ungrounded ¢

4.75 SWITC
power source

476 SYNC
output of a g
power systen

4.77 TOOL
to operate a S

1 _Transformers
- T

CE DISCONNECTING MEANS or SERVICE DISCONNECT - Isolatifng
Il conductors into a building or other structure from the service entrance conducf

CE PERSONNEL - Persons having technical training and expefiente required
hcountered when performing a task and the measures to be:taken to minimiz

nd filters.

[IGHT ENCLOSURE — An enclosure where required’ clearances are provided
with no accessibility to uninsulated live electrical’components.

DNARY — A unit that is intended to be hardwired and/or permanently installed.

H, LOCKOUT - An indicating type switch that provides a means to d
onductors and is also providedwith a positive lockout in the “off” position.

H, TRANSFER - A devicefor transferring one or more load conductor connecti
to another.

HRONIZATION ~\The matching of the voltage amplitude, phase angle, and freg
enerator with, the amplitude, phase angle, and frequency of other generators
or electrie,utility.

- A screwdriver, wrench, or any other special object that is a service access tog
crewylatch, or similar fastening means.

means that
ors.

to be aware
b the risks to
tenance like

through the

enclosure with maintenance access to parts of'\the ‘engine generator set from the outside of

sconnect all

bns from one

uency of the
, the electric

| that is used

4.78 USER

— Any person other than service personnel. Sometimes referred to as operator.

4.79 USER ACCESS AREA — An area to which, under normal operating conditions, one of the following

applies:

a) Acc

ess is gained without the use of a tool;

b) The means of access is deliberately provided to the user; or

c) The user is instructed to enter regardless of whether or not tools are required to gain access.
This includes control panels, behind locked doors, and inside of access covers with guarding or
barriers in place to prevent the user from accessing rotating machinery or live components.
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4.80 UTILITY-INTERACTIVE — A generator intended for use in parallel with an electric utility or electric
power system to supply common local area / micro grid system loads and sometimes deliver power to the

utility.

4.81
generator en

closure.

WALK-IN ENCLOSURE - An enclosure that allows an operator or service person to enter inside the

4.82 WEATHER ENCLOSURE - An enclosure for outdoor use that is integral to the engine generator
and protects the engine generator assembly from the wetting of live parts in an outdoor environment while
the unit is operating or is in standby.

4.83 WRIT
of or with the

4.84 ZERO
allows fuel fl
when vacuur

5 Referend

5.1 Anyun
interpreted a

5.2 Throug
in Canada,

Combined re
requirementg

5.3 Thefoll

product.

ed Publications

GOVERNOR REGULATOR (vacuum demand regulator) — A fuel regulatin
bw when a partial vacuum is applied to the regulator output port. The regulator 3
n demand on the output port is discontinued.

jated reference to a code or standard appearing in the‘tequirements of this star
5 referring to the latest edition of that code or standard:

hout this Standard, the CSA and ULC standard.references apply to products int
vhile the UL standard references apply te-products intended for use in the U
ferences are separated by a slash (“ / ”)'to denote the difference between t
specified for use in Canada and the Ynited States.

pwing publications are referenced’in this Standard:

| form as part

j device that

tops fuel flow

dard shall be

bnded for use
nited States.
he applicable

Canada

United States

ANSIZ21.13/

ICSA 4.9, Gas-Fired Low Pressure Steam and

Hot Water Boilers

ANSI Z21.13/ CSA 4.9, Gas-Fired Low Pressur
Hot Water Boilers

P Steam and

ANSI Z221.18/

ICSA 6.3, Gas ApplianCe,Rressure Regulators

ANSI Z21.18 / CSA 6.3, Gas Appliance Pressur

b Regulators

ANSI Z21.21 /|ICSA 6.5, Automatic Valves for Gas Appliances ANSI Z21.21/ CSA 6.5, Automatic Valves for Ggs Appliances
ANSI Z21.80 /[CSA 6.22, Line'Pressure Regulators ANSI Z21.80 / CSA 6.22, Line Pressure Regulators

ASME B1.20.1|, Pipe Thfeads, General Purpose (Inch) ASME B1.20.1, Pipe Threads, General Purpose|(Inch)
ASME B31.3, Process\Piping ASME B31.3, Process Piping

ASME B31.4,

Pipeline Transportation Systems for Liquids and

ASME B31.4, Pipeline Transportation Systems

or Liquids and

Slurries

Slurries

ASME B36.10M, Welded and Seamless Wrought Steel Pipe

ASME B36.10M, Welded and Seamless Wrought Steel Pipe

ASME B36.19M, Stainless Steel Pipe

ASME B36.19M, Stainless Steel Pipe

ASTM A90/A90M, Standard Test Method for Weight [Mass] of
Coating on Iron and Steel Articles with Zinc or Zinc-Alloy
Coatings

ASTM A90/A90M, Standard Test Method for Weight [Mass] of
Coating on Iron and Steel Articles with Zinc or Zinc-Alloy
Coatings

ASTM B117, Standard Practice for Operating Salt Spray (Fog)
Apparatus

ASTM B117, Standard Practice for Operating Salt Spray (Fog)
Apparatus

ASTM A179 / A179M, Standard Specification for Seamless
Cold-Drawn Low-Carbon Steel Heat-Exchanger and
Condenser Tubes

ASTM A179 / A179M, Standard Specification for Seamless
Cold-Drawn Low-Carbon Steel Heat-Exchanger and
Condenser Tubes

ASTM E230/E230M, Standard Specification and Temperature-
Electromotive Force (emf) Tables for Standardized
Thermocouples

ASTM E230/E230M, Standard Specification and Temperature-
Electromotive Force (emf) Tables for Standardized
Thermocouples
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Canada

United States

ASTM D412, Standard Test Methods for Vulcanized Rubber
and Thermoplastic Elastomers Tension

ASTM D412, Standard Test Methods for Vulcanized Rubber

and Thermoplastic Elastomers Tension

ASTM D471, Standard test method for rubber property — Effect
of liquids, ASTM F152, Standard Test Methods for Tension
Testing of Nonmetallic Gasket Materials

UL 157, Gaskets and Seals

Zinc-Coated (G

ASTM A653/A653M, Standard Specification for Steel Sheet,

alvanized) or Zinc-Iron Alloy-Coated

(Galvannealed) by the Hot-Dip Process

ASTM A653/A653M, Standard Specification for Steel Sheet,
Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated

(Galvannealed) by the Hot-Dip Process

ASTM F1120, Standard Specification for Circular Metallic
Bellows Type Expansion Joints for Piping Applications

ASTM F1120, Standard Specification for Circular

Bellows Type Expansion Joints for Piping Applications

Metallic

ASTM D1525, Standard Test Method for Vicat Softening

ASTM D1525, Standard Test Method for Vicat Softening

Switches and Jircuit-Breaker Enclosures

Temperature of[PTastics Temperature of Plastics |

CAN/CGSB 12{1, Safety Glazing ANSI 797.1, Safety glazing Materials Used(in Bafldings —
Safety Performance Specifications and Methods |of Test

CSA C22.2 N0 0.2, Insulation Coordination UL 840, Insulation Coordination Inclading Clearapces and
Creepage Distances for Electrical Equipment

CSA C22.2 No.|0.15, Adhesive Labels UL 969, Marking and Labeling Systems

CSA C22.2 No.|0.17, Evaluation of Properties of Polymeric UL 746C, Polymeric Materials — Use in Electrical|Equipment

Materials Evaluations

CSA C22.2 No.|0.17, Evaluation of Properties of Polymeric UL 796, Printed-Wiring’'Boards

Materials

CSA C22.2 No.|0.19, Requirements for Service Entrance UL 869A, Reference Standard for Service Equipment

Equipment

CSA C22.2 No.|0.22, Evaluation Methods for Arc Resistance IEEE C87.20.7, Guide for Testing Metal-Encloseql Switchgear

Ratings of Enclpsed Electrical Equipment RatedUp to 38 kV for Internal Arcing Faults

CSA C22.2 No /0.8, Safety functions incorporating electronic ULt 1998, Software in Programmable Components

technology

CSA C22.2 No |5, Molded-Case Circuit Breakers, Molded-Case | UL 489, Molded-Case Circuit Breakers, Molded-Case Switches

and Circuit-Breaker Enclosures

CSA C22.2 No|

8, Electromagnetic Interference (EMI)-Filters

UL 1283, Electromagnetic Interference Filters

CSA C22.2 No,

9.0, General Requirements fortuminaires

UL 2108, Low Voltage Lighting Systems

CSA 8.3, Thern
Conducting Prg

CGA-8.1, Elast
Conducting Prg

oplastic Hose And Hose Couplings For
pane And Natural Gas

bmeric Composite Hose/and Hose Couplings for
pane and Natural Gas

UL 21, LP-Gas Hose
UL 569, Pigtails and Flexible Hose Connectors fd

rLP Gas

UL 506, Specialty Transformers

CSA C22.2 No,

14, Industrial Control Equipment

UL 508, Industrial Control Equipment

CSA C22.2 No|

18,1, Metallic Outlet Boxes

UL 514A, Metallic Outlet Boxes

CSA C22.2 No,

18.2, Nonmetallic Outlet Boxes

UL 514C, Nonmetallic Outlet Boxes, Flush-Devid

e Boxes, and

Covers

CSA C22.2 No.
Device

42.1, Cover Plates for Flush-Mounted Wiring

UL 514D, Cover Plates for Flush-Mounted Wiring Devices

CSA C22.2 No.

18.3, Conduit, Tubing, and Cable Fittings

UL 514B, Conduit, Tubing, and Cable Fittings

CSA C22.2 No.

26, Construction and Test of Wireways,

Auxiliary Gutters, and Associated Fittings

UL 870, Wireways, Auxiliary Gutters, and Associated Fittings

CSA C22.2 No.

29, Panelboards and Enclosed Panelboards

UL 67, Panelboards

CSA C22.2 No.

31, Switchgear Assemblies

IEEE 1247, IEEE Standard for Interrupter Switches for

Alternating Current Rated Above 1000 Volts

IEEE C37.20.2, IEEE Standard for Metal-Clad Switchgear
IEEE C37.20.3, Metal-Enclosed Interrupter Switchgear (1 kV —

38 kV)

IEEE C37.20.4, Indoor AC Switches (1 kV to 38 kV) for Use in

Metal-Enclosed Switchgear
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NEMA C37.54, For Indoor Alternating Current High-Voltage
Circuit Breakers Applied as Removable Elements in Metal-
Enclosed Switchgear — Conformance Test Procedures

NEMA C37.57, For Switchgear — Metal-Enclosed Interrupter
Switchgear Assemblies — Conformance Testing

NEMA C37.58, For Switchgear — Indoor AC Medium-Voltage
Switches for Use in Metal-Enclosed Switchgear — Conformance
Test Procedures

NEMA CC1, Electric Power Connection for Substations

CSA C22.2 No

.42.1, Nonmetallic Outlet Boxes

UL 514C, Nonmetallic Outlet Boxes, Flush-Device Boxes, and
Covers

CSA C22.2 Ng

. 46, Electric Air Heaters

UL 499, Electric Heating Appliances

CSA C22.2 No

. 47, Air-Cooled Transformers (Dry Type)

UL 1561, Dry-Type General Purpose and-Power Transformers

CSA B51, Boil

br, pressure vessel, and pressure piping code

ASME B31.3, Process Piping

CSA B51, Boil

br, Pressure Vessel, and Pressure Piping Code

ASME Boiler and pressure vessel Code VIII Rules for
Construction of Pressure Vessels, Division 1

CSA C22.2 Ng. 65, Wire Connectors UL 486A-486B, Wire Connectors

CSA C22.2 Ng. 65, Wire Connectors UL 486E, Equipment Wiring Terminals for Use with Aluminum
and/or Copper Conductors

CSA C22.2 Ng. 66.1, Low Voltage Transformers — Part 1: UL 5085-1, Low Voltage Transformers — Part 1: [General

General Requifements Requirements

CSA C22.2 No. 66.2, Low Voltage Transformers — Part 2: UL 5085-2, Low Voltage Transformers — Part 2: [3eneral

General Purpose Transformers Purpase Jransformers

CSA C22.2 Ng. 66.3, Low Voltage Transformers — Part 3: Class | UL 5085-3, Low Voltage Transformers — Part 3: Class 2 and

2 and Class 3 Jransformers Class 3 Transformers

CSA C22.2 Nag. 75, Thermoplastic-Insulated Wires and Cables UL 83, Thermoplastic-Insulated Wires and Cabl¢s

CSA C22.2 Ng. 94.1, Enclosures for Electrical Equipment,..Non- | UL 50, Enclosures for Electrical Equipment, Nor}-

Environmental|Considerations Environmental Considerations

CSA C22.2 N9
Environmental

. 94.2, Enclosures for Electrical Equipment,
Considerations

UL 50E, Enclosures for Electrical Equipment, Efvironmental
Considerations

CSA C22.2 Ng

107.1, Power Conversion Equipment

UL 1012, Power Units Other Than Class 2

CSA C22.2 Ng.

107.1, Power ConversiomEquipment

UL 1741, Inverters, Converters, Controllers and
Interconnection System Equipment for Use with
Energy Resources

Distributed

CSA C22.2 Ng

107.2, Battery Chargers

UL 1236, Battery Chargers for Charging EnginetStarter

Batteries

CSA C22.2Ng

107.3, Uninterruptible Power Systems

UL 1778, Uninterruptible Power Systems

CSA C22.2 Ng

. 100, Motors and Generators

UL 1004-4, Electric Generators

CSA C22.2 Ng

11, General-Use Snap Switches

UL 20, General-Use Snap Switches

CSA C22.2 No.

139, Electrically Operated Valves

UL 429, Electrically Operated Valves

UL 428A, Electrically Operated Valves for Gasoline and
Gasoline/Ethanol Blends with Nominal Ethanol Concentrations
Up to 85 Percent (EO — E85)

UL 428B, Electrically Operated Valves for Diesel Fuel,
Biodiesel Fuel, Diesel/Biodiesel Blends with Nominal Biodiesel
Concentrations Up to 20 Percent (B20), Kerosene, and Fuel QOil

CSA C22.2 No.

141, Emergency Lighting Equipment

UL 924, Emergency Lighting and Power Equipment

CSA C22.2 No.

144, Ground Fault Circuit Interrupters

UL 943C, Outline for Special Purpose Ground-Fault Circuit-
Interrupters

CSA C22.2 No

. 144 1, Ground-Fault Circuit-Interrupters

UL 943, Ground-Fault Circuit-Interrupters

CSA B149.1, Natural Gas and Propane Installation Code

UL 181, Factory-Made Air Ducts and Air Connectors

CSA B149.6, Code for digester gas, landfill gas, and biogas
generation and utilization

ANSI/CSA B149.6, Code for digester gas, landfill gas, and
biogas generation and utilization
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CSA C22.2 No. 153, Electrical Quick-Connect Terminals UL 310, Electrical Quick-Connect Terminals
CSA C22.2 No. 165, Electric Boilers UL 834, Heating, Water Supply, and Power Boilers — Electric
CSA C22.2 No. 178.1, Transfer Switch Equipment UL 1008, Transfer Switch Equipment
CSA C22.2 No. 190, Capacitors for Power Factor Correction UL 810, Capacitors
CSA C22.2 No. 197, PVC Insulating Tape UL 510, Polyvinyl Chloride, Polyethylene, and Rubber
Insulating Tape
CSA C22.2 No. 198.1, Extruded Insulating Tubing UL 224, Extruded Insulating Tubing
CSA C22.2 No. 223, Power Supplies with Extra-Low-Voltage UL 1310, Class 2 Power Units
Class 2 Outputs
CSA C22.2 No.236, Heating and Coaling Equipment LUL 1995 Heating and Caaling Equipment
CSA C22.2 No250.0, Luminaires UL 1598, Luminaires
CSA C22.2 No{250.0, Luminaires UL 2108, Low Voltage Lighting Systems
CSA C22.2 No|253, Medium-Voltage AC Contactors, UL 347, Medium-Voltage AC Contactors, Controljers, and
Controllers, angq Control Centres Control Centers
CSA C22.2 No 268, Power circuit breakers up to 1000 UL 1066, Low-Voltage AC and DE Power Circuit [Breakers
Vac/1500 Vdc Used in Enclosures
CSA C282, Emprgency Electrical Power Supply for Buildings NFPA 110, Emergency.and Standby Power Syst¢ms
CSA C22.2 No 295, Neutral Grounding Devices IEEE C57.32, Requirements, Terminology, and Test
Procedures fopNeutral Grounding Devices
CSA C22.2 No.|301, Industrial Electrical Machinery NFPA 79, Electrical Standard for Industrial Machfnery

CSA E60384-1
Equipment — P3

to the Supply M

L, Fixed Capacitors for Use in Electronic
rt 14: Sectional Specification: Fixed Capacitors

for Electromagnetic Interference Suppression and Connection

ains

UL 60384+14, Fixed Capacitors for Use in Electrd
— Part 14: Sectional Specification: Fixed Capacit
Electromagnetic Interference Suppression and G
the'Supply Mains

nic Equipment
rs for
lonnection to

CSA C22.2 No,
Enclosures (IP

60529, Degrees of Protection Provided by
Code)

IEC 60529, Degrees of Protection Provided by E
Code)

hclosures (IP

CSA-E60730-1
Requirements

Automatic Electrical controls — Part 1:'General

UL 60730-1, Automatic Electrical Controls — Part
Requirements

1: General

CSA C22.2 No,
Safety — Part 1

60950-1, Information Technology-Equipment —
General Requirements

UL 1989, Standby Batteries

CSA C22.2 No|
Electrical Equip
Use — Part 2-03
Measuring Circ|

61010-2-030, Safety Requirements for

ment for Measurement, *Control, and Laboratory
0: Particular Requiféments for Testing and

its

UL 61010-2-030, Safety Requirements for Electr
for Measurement, Control, and Laboratory Use —
Particular Requirements for Testing and Measuri

cal Equipment
Part 2-030:
hg Circuits

CSA C61869-1
Requirements 3
Part 5: Addition|
transformers,

of the identicall

Instrument(Transformers — Part 1: General
nd CSA C61869-5, Instrument transformers —
bl requirements for capacitor voltage
hichihis an adoption, with Canadian deviations,

titled 1IEC (International Electrotechnical

IEEE C57.13, Requirements for Instrument Tran
IEEE C57.13.5, Performance and Test Requirem)
Instrument Transformers of a Nominal System V.
kV and Above

formers, and
ents for
ltage of 115

Commission) S

dnddra o 16oy-o (1rst earon, ZUTi-Ur)

CSA C61869-1,
Requirements, CSA C61869-2, Instrument Transformers — Part
2: Additional Requirements for Current Transformers, CSA
C61869-3, Instrument Transformers — Part 3: Additional
Requirements for Inductive Voltage Transformers

Instrument Transformers — Part 1: General

IEEE C57.13, Requirements for Instrument Transformers, and
IEEE C57.13.2, Conformance Test Procedure for Instrument

Transformers

UL 795, Commercial-Industrial Gas Heating Equi

pment

CSA Component Acceptance Service Notice No. 5, Component
Acceptance Service for Optocouplers and Related Devices

UL 1577, Optical Isolators

Equipment

IEC 60417 Database, Graphical Symbols for Use on

IEC 60417 Database, Graphical Symbols for Use on

Equipment

wire based test

IEC 60695-2-13, Fire hazard testing — Part 2-13: Glowing/hot-

methods — Glow-wire ignition temperature

(GWIT) test method for materials

IEC 60695-2-13, Fire hazard testing — Part 2-13:

Glowing/hot-

wire based test methods — Glow-wire ignition temperature

(GWIT) test method for materials
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IEC 61508, Functional safety of IEC 61508, Functional safety of
electrical/electronic/programmable electronic safety-related electrical/electronic/programmable electronic safety-related
systems systems
IEC 61508-2, Functional safety of IEC 61508-2, Functional safety of
electrical/electronic/programmable electronic safety-related electricallelectronic/programmable electronic safety-related
systems — Part 2: Requirements for systems — Part 2: Requirements for
electrical/electronic/programmable electronic safety-related electrical/electronic/programmable electronic safety-related
systems systems
IEC 61508-3, Functional safety of IEC 61508-3, Functional safety of
electrical/electronic/programmable electronic safety-related electrical/electronic/programmable electronic safety-related
systems — Part 3: Software requirements systems — Part 3: Software requirements
IEC 62061, Safety of Machinery — Functional Safety of Safety- IEC 62061, Safety of Machinery — Functional Safety of Safety-

Related Electr
Control Systen

cal, Electronic and Programmable Electronic
5

Related Electrical, Electronic and Programmabl
Control Systems

b Electronic

IEEE 4, High-

oltage Testing Techniques

|IEEE 4, High-Voltage Testing Techniques

IEEE C37.09, Standard Test Procedure for AC H
Circuit Breakers Rated on a Symnietrical Currer|

igh-Voltage
t Basis

IEEE C37.40, Service Conditions and Definition
Voltage Fuses, Distribution Enhclosed Single-Pol
Fuse Disconnecting Switches, and Accessories

b for High-
e Air Switches,

1ISO 10380, Pipework — Corrugated metal hoses and hose

1ISO 10380, Pipework= Corrugated metal hoses|and hose

assemblies assemblies

ISO 13849-1, $afety Of Machinery — Safety-Related Parts Of ISO 1384944, Safety Of Machinery — Safety-Related Parts Of
Control Systems — Part 1: General Principles For Design Control Systems — Part 1: General Principles For Design

ISO 7000, Graphical symbols for use on equipment — 1ISO_7000, Graphical symbols for use on equipment —
Registered symbols Registered symbols

ISO 7010, Graphical symbols — Safety colours and safety signs _{ ISO 7010, Graphical symbols — Safety colours and safety signs

— Registered shpfety signs

— Registered safety signs

1ISO 12100, Sg

fety of machinery — General principles for design

1ISO 12100, Safety of machinery — General pring

ples for design

— Risk assessrhent and risk reduction — Risk assessment and risk reduction
1ISO 19372, Migroturbines applications — Safety 1ISO 19372, Microturbines applications — Safety
National Building Code of Canada — Emergency, Lighting NFPA 101, Life Safety Code
NFPA 37, Starjdard for the Installation and Use of Stationary NFPA 37, Standard for the Installation and Use ¢f Stationary
Combustion Engines and Gas Turbines: Combustion Engines and Gas Turbines
NFPA 54/ANS| Z223.1, National FuelGas Code NFPA 54/ANSI Z223.1, National Fuel Gas Code|
UL 94, Tests for Flammability of Plastic Material$ for Parts in
Devices and Appliances
ULC-C252, Gdide for the Investigation of Gas Pressure UL 252, Compressed Gas Regulators
Regulators
UL 723, Test for Surface Burning Characteristicq of Building

A Aobmsial
vratertars

UL 746A, Polymeric Materials — Short Term Property

Evaluations

UL 746B, Polymeric Materials — Long Term Property

Evaluations

UL 810A, Electrochemical Capacitors

UL 991, Tests for Safety-Related Controls Employing Solid-

State Devices

ANSI/AGA NGV3.1/CGA NGV 12.3, Fuel System Components
for Natural Gas Powered Vehicles

UL 1337, LP-Gas, Natural Gas, and Manufactured Gas

Devices for Engine Fuel Systems

UL 1439, Tests for Sharpness of Edges on Equipment

UL 1446, Systems of Insulating Materials — General

UL 1973, Batteries for Use in Stationary, Vehicle

Auxiliary

Power and Light Electric Rail (LER) Applications
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ANSI/CAN/UL/ULC 6200, Controllers for Use in Power
Production

ANSI/CAN/UL/ULC 6200, Controllers for Use in Power
Production

ANSI/CAN/UL 9540, Energy Storage Systems and Equipment

ANSI/CAN/UL 9540, Energy Storage Systems and Equipment

ANSI/CAN/UL 9540A, Test Method for Evaluating Thermal
Runaway Fire Propagation in Battery Energy Storage Systems

ANSI/CAN/UL 9540A, Test Method for Evaluating Thermal
Runaway Fire Propagation in Battery Energy Storage Systems

SEPTEMBER 23, 2022

ULC-S111, Standard Method of Fire Tests for Air Filter Units

ULC-S601, Shop Fabricated Steel Aboveground Tanks For
Flammable And Combustible Liquids

ULC/ORD-C536, Flexible Metallic Hose

ULC/ORD-C558, Guide for the Investigation of Internal
Combustion Er

ULC-S629, 650 Degrees C Factory-Built Chimneys

UL 900, Air Filter Units

UL 142A, Special Purpose Aboveground Tanks for Specific
Flammable or Combustible Liquids

UL 536, Flexible Metallic Hose

UL 558, Industrial Trucks, Internal Combustion Engine-

=y !
T OWeTreT

: B IO X OB K. L
=T OWCTCT auStriar ITOCKS

UL 103, Factory-Built Chimneys for ResidentialAlype and
Building Heating Appliances

UL 2561, 1400 Degree Fahrenheit Factory-Built Chimneys

ULC/ORD-C959, 540 Degrees C and 760 Degrees C Industrial
Chimneys

CONSTRUCTION
6 Materials

6.1 The maferial of a part, such as an enclosure, a frameta.guard, or similar part, the breaage of which
results in a rigk of injury to persons, shall have such properties as to meet the demand of g¢xpected use
conditions.

6.2 The reqpirement in 6.1 applies to those portiens of a part adjacent to moving parts that |nvolve a risk
of injury to pefsons.

6.3 A part as specified in 6.1 shall withstand the impact test described in 80.3, without beirg affected to
the extent that:

a) Thqg performance is adversely affected so as to result in a risk of injury; or

b) Parfs capable oficausing injury to persons are exposed to unintentional contact.

Exception: Alcompaoheht such as a pilot lamp, lens, or control knob is not required to be subjected to the
impact test.

7 Frame and Enclosure
7.1 General

7.1.1 A unit shall be provided with one or more enclosures that house all live parts. The enclosure shall
protect the various parts of the unit against mechanical damage from forces external to the unit. The parts
of the enclosure that are required to be in place to comply with the requirements for risk of fire, electric
shock, injury to persons, and electrical energy — high current levels — shall comply with the applicable
enclosure requirements specified in this Standard. Terminals that do not present a risk of electric shock but
do present a risk of electrical high energy levels such as battery terminals, starter relay/contactor
terminals, and terminals on engine-mounted battery-charging alternators within the engine compartment
shall be insulated and secured in a manner where the terminal is not able to be removed except for
servicing of the part and protected from contact by:

a) An insulator that complies with the reauirements in Section 38 Insulatina Materials; or
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b) An insulating boot/barrier made from polyvinyl-chloride, neoprene, silicone rubber or a rubber
compound or material.

Exception: Live parts, including terminals, which do not present a risk of electric shock or a risk of electrical
energy — high current levels, are not required to be enclosed.

7.1.2 The frame or chassis of a unit shall not be used to carry current during intended operation (see
20.11).

Exception: Engines and their components may be used to carry current for normal engine operation but
the resulting voltage from the current passing through an engine part shall not exceed the voltage levels in

Table 9.1.

7.1.3 A par
shall comply

7.1.4 Wher
the instrume

Exception: T
61010-2-030

t, such as a dial, display face, or nameplate, that serves as a functional part'of
with the enclosure requirements.

an electrical instrument, such as a meter, forms part of the enclesure, the face
it housing, or both together, shall comply with the requirements.for an enclosure

his requirement does not apply to a meter complying withthe requirements in C
/UL 61010-2-030.

7.2 Enclosures and guards

7.21 The d
hazards and
any compon

enerator shall be evaluated for risk of injury“to persons from electrical hazard
burn hazards. This shall include consideration of the results of breakdown or
bnt; not more than one component atya'time, unless one event contributes to

the investig

ion shows that breakdown, leak,~er malfunction of a particular component c

hazard to sgrvice personnel or user, that*component shall be investigated for reliability.
protective dgvices shall be suitable for the-intended use and hazards involved and shall
defeated. Whether a mechanical guardy.a release, an interlock, or similar device is requireg

such a devid
characteristiq

7.2.2 The
causing injun
unintentional

7.2.3 The g

e is applicable shall be determined from an investigation of the complete unit
s, and the risk of injuty to persons resulting from a cause other than gross neglig

ptor of a motory-a pulley, a fan blade, a belt, a gear, or other moving part that
y to persons-shall be enclosed or provided with other guarding means to redy
contactwith the hazard.

&

the enclosure

pr the back of

SA C22.2 No.

5, mechanical
alfunction of
other. When
AN result in a
Guards and
not be easily
and whether
its operating
jence.

is capable of
ce the risk of

and intended

egree of protection requwed by 7.2.2 2 2 depends upon the general construction

use of a gus

at the risk of

unintentional contact W|th hazardous moving parts is greatly reduced durlng servicing operat|ons involving
other parts of the equipment.

Exception: This requirement does not apply to major repairs that expose trained and qualified repair
personnel to hazards that are not able to be addressed by common barriers because of the nature and
location of the repair. These repairs often include but are not limited to significant generator disassembly
or removal of guards and will require specific specialized documented repair procedures as required by
96.4(s) to provide guidance on how to perform the major repair work and to alert the repair persons to
hazard exposure while performing the specialized major repair work.

7.2.4 A moving part that involves a risk of injury to persons shall comply with the requirements specified
in Section 8, Protection of Users — Accessibility of Uninsulated Live Parts and Moving Parts — and User
Servicing, taking into account:
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a) The degree of exposure required to perform its intended function;
b) The sharpness of the moving part;
¢) The risk of unintentional contact with the moving part;

d) The speed of the moving part; and

e) The risk that a part of the body is endangered or the risk that clothing is capable of being

entangled, resulting in a risk of injury to persons.

These factors are to be considered with respect to both intended operation and foreseeable misuse.

7.2.5 Mechanical guarding shall be used where necessary on hot surfaces, radiant heat s
system piping unions, flanges, and fittings in the event of a leak to reduce or contain splashin
spraying of cpolant, oil or fuel to reduce the potential risk of causing an electrical fire,/fuel f
injury to persons.

7.2.6 Enclogures for medium voltage generators shall be metallic and built\to.the requireme
CSA C22.2 No. 94.1. External parts of the enclosure may be of insulating'material, provided
voltage parts jare completely enclosed by grounded metallic partitions. These metallic partitio
the thickness|requirements of UL 50 / CSA C22.2 No. 94.1.

Exception: These requirements do not apply to inspection wihdows complying with the req
Inspection Windows, 5.102.205, of UL 347 / CSA C22.2 Nox253.

7.2.7 Genefators containing both low and medium“voltage components and circuit wi
provided withl an enclosure surrounding all medium-voltage parts in accordance with 7.2.6.
parts may b¢ located in a separate enclosurelthat complies with the enclosure requirer
standard othgr than 7.2.6.

7.3 Access|doors and covers

7.3.1 A dogr shall be provided-to allow access to a fuse or other overload-protective ¢
functioning requires renewal.or resetting, or where it is required to open the door in cor
intended opefation of the unit-A means shall be provided to hold the door closed. When the d
medium voltage compongénts or wiring, it shall also comply with 7.3.4 and 7.3.5.

Exception No| 1: A-door is not required when the only overload-protective device enclosed is:

ources, fluid

h, dripping or
re hazard or

hts of UL 50 /
hat medium-
hs shall meet

lirements for

ing shall be
Low voltage
nents of this

jlevice, if the
nection with
oor encloses

a) Co 1 in &
same enclosure;

b) Rated 2 A or less for loads not exceeding 100 VA;
¢) An extractor fuse having an integral enclosure; or

d) Connected in a low-voltage, limited-energy circuit.

Exception No. 2: A door is not required for an enclosure for low voltage equipment that:
a) Contains no user-serviceable or -operable parts; and

b) Is marked in accordance with 94.6.
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7.3.2 Doors and covers that provide user or service access, including the function specified in 7.3.1,
shall be constructed such that they open to no less than 90 degrees from the closed position.

Exception: A wind strap, chain, or similar attachment that may be detached without the use of tools to
open the door or cover to no less than 90 degrees meets the intent of this requirement.

7.3.3 A door or cover that provides access to a fuse or other overload-protective device shall be tight-
fitting or self-latching.

7.3.4 Doors giving access to medium-voltage compartments shall be provided with one of the following
interlock systems:

s all medium
ck shall also
til the door is
the required
nterlock. (The
ing.); or

a) Anfinterlock that is solely mechanical, such that the door cannot be opened unles
voltage components or wiring in the compartment are de-energized. The interlg
preveint energizing any medium voltage components or wiring in the compartment ur
closefl. Electrical or electro-mechanical interlocks may be provided inaddition to
mechpnical interlock, but shall not replace the requirement for a solely.mechanical i
use of a captive key interlocking system is one method to provide mechanical interloc

b) A ical interlock

prote

electromechanical interlock system that combines eléctrical and mechar
Ction that complies with all the following:

1) The interlock system shall prevent an enclosure door from being open
medium voltage components or wiring in the compartment are de-energized.
shall also prevent energizing any medium voltage components or wiring in the

ed unless all
The interlock
compartment

until the door is closed.

NOTE: UL/ULC 6200 includes requirements.for disabling generator starting which is one mea
medium voltage circuit.

hs to energize a

2) The interlock system shall have at least two different protection means:
i) With different actuation methodologies; and
i) Requireswse of a tool to disable the protection.

3) The interloek'system shall comply with the functional safety requirements in[Table 7.1.

Table 7.1
Functional safety standards

olid-State
Devices, UL 991. Critical components evaluated using the Computational
Investigation method shall have predicted failure rates equivalent or better than IEC
61508 SIL 2 or ISO 13849-1 PL d.

Standard for Software in programmable components and or equipment, UL 1998. UL
1998 shall be used in conjunction with Functional Safety standards, such as UL 991,
to also evaluate discrete component hardware and non-programmable IC’s.

Interlocks usin) electronic devices Standard for Q:\fnfy for Tests for ann’ry-l?nlafnd Controls Fmplnying 9

Interlocks using firmware/software

Alternate standards may be used in place of UL 1998 and UL 991 for evaluating the unit’s functional safety. If other standards are
used, the environmental stress testing as described in UL 991 shall be applied in addition to the requirements of the other
standards. If tests in the other standards are similar to those prescribed in UL 991, the more severe criteria of both standards shall
be applied.

Automatic Electrical Controls — Part 1: General requirements, UL 60730-1. A unit
shall comply with Control Class B as a minimum.

Table 7.1 Continued on Next Page
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Table 7.1 Continued

* Functional Safety of Electrical/Electronic/Programmable Electronic Safety Related
Systems, IEC 61508. A unit shall comply with a minimum of SIL 2.

« Safety of Machinery — Functional Safety of Safety-Related Electrical, Electronic and
Programmable Electronic Control Systems, IEC 62061. A unit evaluated to this
standard shall comply with a minimum of SIL CL 2.

« Safety of Machinery — Safety-Related Parts of Control Systems — Part 1: General
Principles for Design, ISO 13849-1. A unit shall comply with a minimum of PL d.

7.3.5 Covers giving access to medium-voltage compartments shall comply with all the following
conditions:

a) Thg cover shall be bolted on all sides with a minimum of two bolts per side;
b) No polts are operable by hand, without the use of a tool;

c) All bolts are captive fasteners;

d) Thg cover does not provide access to fuses; and

e) Thg cover shall be marked in accordance with 95.1 for theanit's operating voltage.
7.4 Cast me¢tal enclosures
7.4.1 The thickness of cast metal for an enclosure shall be as specified in Table 7.2.

Exception: Cast metal of a lesser thickness is not prohibited when upon investigation (considpration being
given to the shape, size, and function of the enclesure), it is found to be mechanically equiyalent for the
intended use.

Table 7.2
Thickness of cast-metal enclosures

Minimum thickness, mm (inch)

Cast metal of other

Use, or dimension of area involved Die-cast metal than the| die-cast type
Area of 154.8 cfn? (24 sqQare inches) or less and having no dimension 1.6 (1/16)2 3.2 (1/8)
greater than 15 mm (6.inches)
Area greater than 15448 cm? (24 square inches) or having any dimension 24 (3/32) 3.2 (1/8)
greater than 15Rmm (6 inches)
At a threaded conduit hole 6.4 (1/4) 6.4 (1/4)
At an unthreaded conduit hole 3.2 (1/8) 3.2 (1/8)

@ The area limitation for metal 1.6 mm (1/16 inch) thick is obtained by the provision of reinforcing ribs subdividing a larger area.

7.5 Sheet metal enclosures
7.5.1 Sheet metal enclosures shall comply with 7.5.2 or the requirements in CSA C22.2 No. 94.1 / UL 50.

7.5.2 For enclosures of low voltage circuits, the thickness of a sheet-metal enclosure shall not be less
than that specified in Table 7.3 and Table 7.4. Uncoated steel shall not be less than 0.81 mm (0.032 inch)
thick, zinc-coated steel shall not be less than 0.86 mm (0.034 inch) thick, and nonferrous metal shall not
be less than 1.14 mm (0.045 inch) thick for surfaces of an enclosure at which a wiring system is to be
connected.
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Exception No. 1: The thickness of a sheet metal enclosure is not prohibited from being less than specified
in Table 7.3 and Table 7.4 when investigated and determined to be mechanically equivalent per the
applicable deflection requirements and tests in UL 50.

Exception No. 2: For enclosures for low voltage circuits, the thickness of an enclosure may be two gauge
sizes less than indicated in Table 7.3 and Table 7.4, when uninsulated live parts are located at least 64
mm (2-1/2 inches) from the surface, and 4 gauge sizes less when the uninsulated live parts are located at
least 128 mm (5 inches) from the surface. The thickness shall be not less than No. 24 MSG or GSG
(steel), or 18 AWG (aluminum, copper, or brass), unless a lesser thickness is acceptable in accordance
with Table 7.3 and Table 7.4. An example of 2 gauge sizes less is No. 18 MSG instead of No. 16 MSG; an
example of 4 gauge sizes less is No. 20 MSG instead of No. 16 MSG.

Table 7.3
Thickness of carbon steel or stainless steel enclosures
With supporting frame or equivalent
Withoyt supporting frame® reinforcing® Minimum thickng¢ss, mm (inch)
Maximum width® | Maximum length® Maximum width® Maximum length
cm (Inghes) cm (Inches) cm (Inches) cm (Inches) Uncoated Metal Coated
10.2 (4.0) Not limited 15.9 (6.25) Not linfited
121 (4{75) 14.6 (5.75) 171 (6.75) 21.0 (8.25) 0.51% (0.020) ||0.58° (0.023)
15.2 (4.0) Not limited 241 (9.5) Not limited
17.8 (1.0) 22.2 (8.75) 254 (10.0) 318 (12.5) 0.669 (0.026) | [0.74 (0.029)
20.3 (4.0) Not limited 30.5 (12.0) Not limited
229 (9.0) 29.2 (11.5) 33.0 (13.0) 40.6 (16.0) 0.81 (0.032)|]|0.86 (0.034)
31.8 (1R.5) Not limited 49.5 (19°5) Not limited
35.6 (14.0) 45.7 (18.0) 53.3 (21.0) 63.5 (25.0) 1.07 (0.042) || 1.14 (0.045)
457 (18.0) Not limited 68.6 (27.0) Not limited
50.8 (2p.0) 63.5 (25.0) 73.7 (29.0) 914 (36.0) 1.35 (0.053) || 1.42 (0.056)
55.9 (2p.0) Not limited 83.8 (33.0) Not limited
63.5 (2p.0) 78.7 (310) 88.9 (35.0) 109.2 (43.0) 1.52 (0.060) || 1.60 (0.063)
63.5 (2p.0) Not limited 99.1 (39.0) Not limited
737 (2p.0) 914 (36.0) 104.1 (41.0) 129.5 (51.0) 1.70 (0.067) || 1.78 (0.070)
83.8 (3p.0) Not limited 129.5 (51.0) Not limited
96.5 (38.0) 119.4 (47.0) 137.2 (54.0) 167.6 (66.0) 2.03 (0.080)||2.13 (0.084)
106.7 (4p.0) Not limited 162.6 (64.0) Not limited
119.4 (47.0) 149.9 (59.0) 172.7 (68.0) 2134 (84.0) 236 (0.093)| 2.46 (0.097)
132.1 (52.0) Not limited 203.2 (80.0) Not limited
1524 (60.0) 188.0 (74.0) 213.4 (84.0) 261.6 (103.0) 2.74 (0.108)| 2.82 (0.111)
160.0 (63.0) Not limited 246.4 (97.0) Not limited
1854 (73.0) 228.6 (90.0) 261.6 (103.0) 322.6 (127.0) 312 (0.123)| 3.20 (0.126)
@See7.5.4and 7.5.5.
® The width is the smaller dimension of a rectangular sheet metal piece that is part of an enclosure. Adjacent surfaces of an
enclosure are not prohibited from having supports in common and being made of a single sheet.
¢ "Not limited" applies only where the edge of the surface is flanged at least 12.7 mm (1/2 inch) or fastened to adjacent surfaces not
normally removed in use.
94 Sheet steel for an enclosure intended for outdoor use shall not be less than 0.86 mm (0.034 inch) thick when metal coated and not
less than 0.81 mm (0.032 inch) thick when uncoated.
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Table 7.4
Thickness of aluminum, copper, or brass enclosures
With supporting frame or equivalent
Without supporting frame? reinforcing®
Maximum width® Maximum length® Maximum width® Maximum length Minimum thickness
cm (Inches) cm (Inches) cm (Inches) cm (Inches) mm (Inches)
7.6 (3.0) Not limited 17.8 (7.0) Not limited 0.58¢ (0.023)
8.9 (3.5) 10.2 (4.0) 21.6 (8.5) 241 (9.5)
10.2 (4.0) Not limited 254 (10.0) Not limited 0.74 (0.029)
12.7 (5.0) 15.2 (6.0) 26.7 (10.5) 34.3 (13.5)
15.2 (6.0) Not limited 35.6 (14.0) Not limited 0.91 (0.036)
16.5 (6.5) 20.3 (8.0) 38.1 (15.0) 45.7 (18.0)
20.3 (8.0) Not limited 48.3 (19.0) Not limited 1.14 (0.045)
241 (9.5) 29.2 (11.5) 53.3 (21.0) 63.5 (25°0)
30.5 (12.0) Not limited 71.1 (28.0) Not limjted 1.47 (0.058)
35.6 (14.0) 40.6 (16.0) 76.2 (30.0) 94.0 (37.0)
45.7 (18.0) Not limited 106.7 (42.0) Not limited 1.91 (0.075)
50.8 (20.0) 63.5 (25.0) 114.3 (45.0) 189.7 (55.0)
63.5 (25.0) Not limited 152.4 (60.0) Not limited 2.41 (0.095)
73.7 (29.0) 914 (36.0) 162.6 (64.0) 198.1 (78.0)
94.0 (37.0) Not limited 221.0 (87.0) Not limited 3.10 (0.122)
106.7 (42.0) 134.6 (53.0) 236.2 (93.0) 289.6 (114.0)
1321 (52.0) Not limited 3124 (123.0) Not limited 3.89 (0.153)
152.4 (60.0) 188.0 (74.0) 330.2 (130.0) 406.4 (160.0)
@See 7.5.4 and7.5.5
® The width is tHe smaller dimension of a rectangulansheet metal piece that is part of an enclosure. Adjacent surfacgs of an
enclosure are not prohibited from having supportsiih common and being made of a single sheet.
¢ "Not limited" applies only when the edge, of the surface is flanged at least 12.7 mm (1/2 inch) or fastened to adjacept surfaces not
normally removed in use.
9 Sheet copper,|brass, or aluminum-for.an enclosure intended for outdoor use shall not be less than 0.74 mm (0.029|inch) thick.

7.5.3

It sholild be noted-that Table 7.3 and Table 7.4 are based on a uniform deflection of the enclosure

surface for arly given'load concentrated at the center of the surface regardless of metal thickngss.

7.5.4 With reference to Table 7.3 and Table 7.4, a supporting frame is a structure of angle orfchannel or a

folded rigid section of sheet metal that is rigidly attached to and has the same outside dimensions as the
enclosure surface and that has the torsional rigidity to resist the bending moments that are applied via the
enclosure surface. An example of a construction that has equivalent reinforcement is one that produces a
structure that is as rigid as one built with a frame of angles or channels as demonstrated by compliance
with the applicable deflection requirements and tests in UL 50. In addition to the requirements of UL 50, as
a result of the UL 50 deflection testing the unit shall not have:

a) Permanent distortion to the extent that spacings are reduced below the values specified in Table

25.1;

b) Transient distortion that produces contact of the enclosure with uninsulated live parts other than
those connected in a low-voltage circuit; and

c) Development of openings that expose uninsulated live parts that involve a risk of electric shock
or electrical energy — high current levels. Any openings resulting from the tests are to be judged
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under the requirements in Section 8, Protection of Users — Accessibility of Uninsulated Live Parts
and Moving Parts — and User Servicing.

Wet location units shall apply the Deflection Tests of UL 50 / CSA C22.2 No. 94.1 as preconditioning for
the Rain Test in Section 103, Performance.

7.5.5 With reference to 7.5.4 and Table 7.3 and Table 7.4, a construction does not have a supporting
frame when it is:

a) A single sheet with single formed flanges — formed edges;

b) A single sheet that is corrugated or ribbed;

c¢) Anfenclosure formed or fabricated from sheet metal; or

d) Anlenclosure surface loosely attached to a frame — for example, by spring.clips.
7.6 Nonmaetallic enclosures

7.6.1 A pol
wiring shall G

meric enclosure or polymeric part of an enclosure for low,voltage components, circuits, and
pmply with the requirements for stationary equipment in CSA C22.2 No. 0.17 / UL 746C.

7.6.2 A corn
components
following con

hponent, piece, or nonmetallic part that forms part.of‘an enclosure housing only low voltage
circuits, and wiring need not comply with theXtequirement in 7.6.1 under any one of the
ditions:

a) Th
comp,

b) Th
not g
shock

c) Th
part i
(see 4

d) Th

e part covers an opening that has no, dimension greater than 25.4 mm (1
pnent is made of a material classed as\/-0, V-1, V-2, or HB;

e part is made of a material Classed V-0, V-1, V-2, or HB and covers an openin
ve access to the user, when,the part is removed, to live parts involving a risk ¢
, electric energy-high currentlevels, or to moving parts;

b part covers an opening that has no dimension greater than 101.6 mm (4 in
5 made of a material-classed as V-0, V-1, V-2, or HB, and there is no source 9
|.66) closer thap-101.6 mm (4 inches) from the surface of the enclosure; or

b part is made of a material classed V-0, V-1, V-2, or HB and there is a barrier of

nch) and the

g which does
f fire, electric

thes) and the
f a risk of fire

a device that

formgd a barrierihade of a material classed V-0 between the part and a source of a ris of fire.

The flammalility.elassification shall be in accordance with UL 94.

Exception: A part of a component need not be classed V-0, V-1, V-2, or HB when it complies with the same
flammability class applicable to the component.

7.6.3 An external polymeric material enclosure having in any single unbroken section, a projected
surface area greater than 0.93 m? (10 square feet), or a single linear dimension greater than 1.83 m (6
feet) shall have a flame-spread rating of 200 or less when tested in accordance with UL 723 or IEC 60695-
2-13.

7.6.4 A material with a flame-spread rating higher than specified in 7.6.3 is not prohibited from being
used as the exterior finish or covering on any portion of the enclosure when the flame-spread rating of the
combination of the base material and finish or covering complies with 7.6.3.
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7.6.5 A conductive coating applied to a nhonmetallic surface (such as the inside surface of a cover or an
enclosure) shall comply with the applicable requirements in CSA C22.2 No. 0.17 / UL 746C.

Exception: When flaking or peeling of the coating does not result in a risk of fire or electric shock as a
result of a reduction of spacings or the bridging of live parts, then the coating need not comply with CSA
C22.2 No. 0.17 /UL 746C.

7.6.6 Engine and exhaust areas that are part of an enclosure that incorporate thermal insulation shall

comply with the thermal insulation 20-mm (3/4-inch) flame test of 103.4.

7.6.7

Intake plenum areas that are part of an enclosure that incorporate sound insulation lining shall

d index of 0

comply with t
— 25 when tes

7.6.8 Forin

he-thermalinsulation-20-mm-(3/4-inch) flame-test of 103 4 or-have-a-flame spre

ted in accordance with UL 723 / IEC 60695-2-13.

ernal areas of the engine generator walk-in enclosure where users or service

persons are

intended to gnter the space to operate or service it, polymeric materials such_as\polymeri¢ enclosures,
polymeric acgess barriers, walls of an enclosure, or insulation on the walls of an engine genefator shall be
rated as follgws. Any single unbroken section greater than 0.93 m? (10 square feet) or a|single linear
dimension greater than 1.83 m (6 feet) shall have a maximum flame spréad index and smoke developed
index as shown in Table 7.5 as tested in accordance with the UL 723.
Exception: This requirement does not apply to the following:
a) Wire and cables; and
b) Materials less than 0.9 mm (0.036 inch) thickdirectly applied to walls, floors, or ceilipg surfaces.
Table 7.5
Sound and thermal enclosure insulation index
Location within enclosure Flame spread index Smoke developed index
Walk-in area 0-25 0-50
Intake Plenum @rea 0-25 0-50
Void area 76 — 200 0-450
7.7 Viewing panes
7.7.1 A viewing.pane covering an opening in a low voltage compartment shall be secured in|place so that
it is not readily 'displaced in service and provides mechanical protection for the enclosed parts

7.7.2 Glass for an opening in a low voltage compartment shall comply with the following dimensions:

a) Glass for an opening not more than 102 mm (4 inches) in any dimension shall not be less than
1.6 mm (1/16 inch) thick;

b) Glass for an opening not more than 929 cm? (144 square inches) in area and having no
dimension greater than 305 mm (12 inches) shall not be less than 3.2 mm (1/8 inch) thick; and

c) Glass used to cover an area larger than noted in (b) shall not be less than 3.2 mm (1/8) inch thick
and shall:

1) Be of a non-shattering or tempered type, wire reinforced that, when brok
with CAN/CGSB 12.1 / ANSI Z97.1; or

en, complies
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7.7.3 Viewi

2) Be subjected to the test described in 80.2.

ng panes covering an opening in a medium voltage compartment shall:

a) Be of clear safety-type glass or wire-reinforced glass or another clear material found suitable
with respect to flammability and UV resistance in accordance with CSA C22.2 No. 0.17 / UL 746C;

b) Comply with the tests described in Section 81, Mechanical Tests of Viewing Panes for Medium
Voltage Compartments; and

c) Be
7.8 Openin
7.8.1 Ther
7.8.2 Wher

wall or wherg
threads in th
of being prog

metal and th

standard cor
rigid conduit.

7.8.3 Clam
nonmetallic

18.3 /UL 514

supplied as & part of an enclosure shall comply .with' CSA C22.2 No. 18.1 / UL 514A and C
B.
ckout in a sheet-metal enclosure shall be secured and shall be removable V

7.8.4 A kng
deformation

7.8.5 A knockout shall be provided with a flat surrounding surface intended for proper

conduit bush
installation d
specified in

secured in such a manner that it cannot be removed without tools.

[gS for wiring
bquirements described in 7.8.2 — 7.8.9 apply to fixed units.

b threads for the connection of conduit are tapped all the way throogh' a hole in
an equivalent construction is employed, there shall not be less than three nor r
b metal, and the construction of the enclosure shall be such thata conduit bush

bre shall be a smooth, rounded inlet hole for the conductors equivalent to that
duit bushing with an internal diameter the same s that of the corresponding

bs and fasteners for the attachment of conduit, electrical metallic tubing, an
flexible tubing, nonmetallic-sheathed .cable, service cable, and similar dev

pf the enclosure.

ing, and shall be\located so that installation of a bushing at any knockout to b
pes not resultin spacing between an uninsulated live part and the bushing to be
ection 25,Spacings.

an enclosure
hore than five
ng is capable

erly attached. Where threads for the connection of conduitiare not tapped all the way through
a hole in an ¢nclosure wall, conduit hub, or similar device, there shall net be less than 3-1/2

[hreads in the
brovided by a
trade size of

mored cable,
ces that are
5A C22.2 No.

vithout undue

seating of a
b used during
less than that

7.8.6 In mgasuring*a spacing between an uninsulated live part and a bushing installed in @ knockout as
specified in 7.8:5yit is to be assumed that a bushing having the dimensions specified in Table 7.6 is in
place, in conjunetion-with-a-singletocknutinstalled-onthe-ottside-of the-enctosure:
Table 7.6
Knockout or hole sizes and dimensions of bushings
Bushing dimensions
Trade size of conduit Knockout or hole diameter Overall diameter Height
mm (Inches) mm (Inches) mm (Inches) mm (Inches)
15 (1/2) 222 (718) 25.4 (1 9.5 (318)
20 (3/4) 27.8 (1-3/32) 314 (1-15/64) 10.7 (27/64)

Table 7.6 Continued on Next Page
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Table 7.6 Continued

Bushing dimensions

Trade size of conduit Knockout or hole diameter Overall diameter Height
mm (Inches) mm (Inches) mm (Inches) mm (Inches)
25 1) 34.5 (1-23/64) 40.5 (1-19/32) 13.1 (33/64)
32 (1-1/4) 43.7 (1-23/32) 49.2 (1-15/16) 14.3 (9/16)
40 (1-1/2) 50.0 (1-31/32) 56.0 (2-13/64) 15.1 (19/32)
50 ) 62.7 (2-15/32) 68.7 (2-45/64) 15.9 (5/8)
65 (2-1/2) 6.2 (3) 81.8 (3-7/32) 19.1 (3/4)
78 ®) 921 (3-5/8) 98.4 (3-778) 20.6 (13/16)
91 (3-112) 104.8 (4-1/8) 112.7 (4-7/16) 138 (15/16)
103 () 1175 (4-5/8) 126.2 (4-31/32) 254 1)
116 (4-1/2) 130.2 (5-1/8) 140.9 (5-35/64) 27.0 (1-1/16)
129 (5) 429 (5-5/8) 158.0 (6-7/32) 30.2 (1-3/16)
155 6) 171.5 (6-3/4) 183.4 (7-7/32) 31.8 (1-1/4)

7.8.7 For an enclosure not provided with conduit openings or khockouts, spacings not |

minimum sp§q
conduit bush
enclosure, a
location of th
made.

7.8.8 Withr
capable of bg
metallic parti
plate.

7.8.9 A poly
18.1/UL 514

7.9 Openin

791 Thee
molten metal,

cified in Section 25, Spacings, shall be provided between uninsulated live
ng installed at any location to be used during ‘installation. Permanent ma
emplate, or a drawing furnished with the unit is-used to specify such a location. ]
e openings shall be such that damage to internal parts shall not result when

bspect to the requirement in 7.8.7, méans shall be provided so that an opening
ing made without subjecting intesnal parts to contamination resulting from thel
tles. Compliance with this requirement is accomplished by the use of a remo

meric- or metal-closure plug for an unused conduit opening shall comply with C§
A

js in an engine generator or electrical panel enclosure

nclosure-of a unit shall be designed and constructed to reduce the risk of emiss
flaming or glowing particles, or flaming drops.

ess than the
parts and a
rking on the
I he specified
bpenings are

for conduit is
presence of
vable, bolted

bA C22.2 No.

ion of flame,

7.9.2 Barriers shall be provided behind all ventilating openings into medium-voltage compartments. The
barrier shall be effectively secured in place and shall prevent drawing a straight line from any point outside
the enclosure to any medium voltage live part, including insulated parts such as cables (other than
shielded cables). These barriers shall be metallic barriers, or shall be of a non-metallic material type and
thickness sufficient to meet the impulse and dielectric voltage withstand voltages specified in this

Standard.

7.9.3 All ventilation openings in low and medium voltage compartments, including perforations, louvers,
and openings protected by means of wire screening, expanded metal, or a perforated cover, shall comply
with the rod entry test specified in Section 90, Rod Entry Test. The use of screening, expanded metal, or
perforated covers does not eliminate the need for the barriers behind openings into medium voltage
compartments as required by 7.9.2.
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7.9.4 With reference to 7.9.3, the diameter of the wires of a screen shall be not less than 1.3 mm (0.050
in) if the screen openings are 320 mm? (0.497 in?) or less in area, and shall be not less than 2.06 mm
(0.081 in) for larger screen openings. Perforated sheet steel and sheet steel employed for expanded metal
mesh shall be not less than 1.07 mm (0.042 in) thick for mesh openings or perforations 320 mm? (0.497
in?) or less in area, and shall be not less than 2.03 mm (0.080 in) thick for larger openings.

7.10 Enclosure bottom openings

7.10.1 A complete noncombustible bottom or a construction employing individual noncombustible
barriers under components, groups of components, or assemblies, as specified in Figure 7.1 is required in
accordance with 7.9.1. Open bottom engine generator enclosures shall indicate in the installation

instruction th

t they are to be installed on a noncombustible surface

Exception N
access to liy
prohibited wj
directly from
example of s

Exception N
when the op
stainless ste
0.4 mm (0.01

Exception N
in accordang
not square s

Exception N¢. 4: Ventilating openings without limitation on their size and number and compl

and provided
areas that g
thermally prq

Exception N¢

a) TH
comb

b) T
aceur

. 1: Ventilating openings along the base of an enclosure are not prohibited wh
e electrical components. Ventilating openings in the bottom of an electrical

hen noncombustible baffle plates are provided to reduce the riskcof-materia
the interior of the unit onto the supporting surface or any other-location unde
Lich a baffle is illustrated in Figure 7.2.

D. 2: Ventilation openings in the bottom of an electrical panel enclosure are
enings incorporate a perforated metal plate as desctibed in Table 7.7, or a
b/ screen having a 14 by 14 mesh per inch (25.4 min))constructed of wire with
8 inch) minimum.

. 3: The bottom of the enclosure under area@s containing only materials classed
e with UL 94 shall have openings no largéerthan 6.4 mm (1/4 inch) square. Ope
nall not have an area greater than 40 mi? (1/16 square inch).

in the base of the engine genérator enclosure or bottom panel are not prohi
ontain only wires, cables,~plugs, receptacles, transformers, and impedance
tected motors.

. 5: Ventilating opehings are not prohibited in the botfom panel or along the bas

e installation\instructions state that the generator assembly shall be install
ustible materials; and

je generator assembly is located such that it prevents combustible m
hulating under the generator set.

en there is no
banel are not
s from falling
r the unit. An

hot prohibited
halvanized or
a diameter of

V-0 or better
nings that are

ving with 8.12
bited when in
protected or

e when:

ed over non-

aterials from

7.10.2 With reference to 7.10.1, including all exceptions, any ventilation openings into medium voltage
compartments shall be provided with the barriers required by 7.9.2
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Figure 7.1

Enclosure bottom
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A — Region to be shielded by guard barrier. This consists of the entire component when it is not otherwise shielded, and of the
unshielded portion of a component which is partially shielded by the component enclosure or equivalent.

B — Projection of outline of component on horizontal plane.

C —Inclined line which traces out minimum area of barrier. When moving, the line is always:
1) Tangent to the component;
2) Five degrees from the vertical; and

3) So oriented that the area traced out on a horizontal plane is maximum.

D — Location (horizontal) and minimum area for barrier. The area is that included inside the line of intersection traced out by the
inclined line C and the horizontal plane of the barrier.
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Figure 7.2

Example of a panel bottom-enclosure baffle

~+—— 2X BUT NEVER LESS THAN
25.5 mm (1 inch)

BAFFLE PLATES

MMAVRE RDEL O\

/\_BOTTOM OF MACHINE)
| | ] ] | ]

BOTTOM OF MACHINE M

sb0855b

Table 7.7
Perforated metal plates for enclosure bottom
Minimum spacings of hioles center to
Minimum thickness Maximum diameter of holes center

mm (inch) mm (inch) mm (inch)
0.66 (0.026) 1.14 (0.045) 1.70 (0.067)

233 holes per 645 m? (1 inch?)
0.66 (0.026) 1.19 (0.047) 2.36 (0.093)
0.76 (0.030) 1.14 (0.045) 1.70 (0.067)
0.76 (0.030) 1.19 (0.047) 2.36 (0.093)
0.81 (0.032) 1.91 (0.075) 3.18 (0.125)

72 holes per 645 mm? (1 inch?)
0.89 (0.035) 1.90 (0.075) 3.18 (0.125)
0.91 (0.036) 1.60 (0.063) 2.77 (0.109)
0.91 (0:036) 1.98 (0.078) 3.18 (0.125)
0.99 (0.039) 1.60 (0.063) 2.77 (0.109)
0.99 (0.039) 2.00 (0.079) 3.00 (0.118)

Note — In accordance with Exception No. 2 to 7.10.1.

711

7111

Indoor enclosure top openings

The minor dimension (see 8.8) of any opening in the top of an enclosure directly over an

uninsulated live part involving a risk of electric shock or electrical energy — high current levels — shall not
exceed 4.8 mm (3/16 inch) unless the configuration is such that direct vertical entry of a falling object is
prevented from reaching such uninsulated live parts by means of a trap or restriction. See Figure 7.3 for
examples of top surface openings that prevent direct entry.

Exception: Openings located 1.8 m (6 feet) or higher from the floor, when the unit is installed in
accordance with the manufacturer's instructions, are not prohibited from having a dimension greater than
34.8 mm (3/16 inch). Such openings shall comply with the accessibility requirements in Section 8,
Protection of Users — Accessibility of Uninsulated Live Parts and Moving Parts — and User Servicing.
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7.11.2 With reference to 7.11.1, including all exceptions, any ventilation openings into medium voltage
compartments shall be provided with the barriers required by 7.9.2.

Figure 7.3

Cross sections of panel top-enclosure indoor designs

—

SLANTED OPENINGS

LLL

ECS00 VERTICAL OPENINGS
7.12 Sharpledges

7.12.1 An epclosure, a frame;.a guard, a handle, or similar device shall have smooth well rounded edges
that do not constitute a risk.ofinjury to persons in normal maintenance and use.

Exception: This requirement does not apply to a part or portion of a part that is required tq be sharp to
perform a wokking function.

7.12.2 Wheleverreference measurementsare requirec-todeterminethatapartasspecified in 7.12.1 is
not sharp enough to constitute a risk of injury to persons, the method described in UL 1439 shall be
employed.

8 Protection of Users — Accessibility of Uninsulated Live Parts and Moving Parts — and User
Servicing

8.1 The requirements in 8.2 — 8.17 apply only to low voltage parts that are accessible to the user and are
isolated from medium voltage circuits. See 8.18 for requirements for medium voltage parts and low voltage
parts that are not isolated from medium voltage circuits. For protection of service personnel requirements,
refer to Section 43, Protection of Service Personnel.

8.2 Uninsulated live parts at a potential involving a risk of electric shock, risk of electrical high energy
levels, or risk of injury due to moving parts that are located in an area containing access to controls or
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disconnects by the user shall be insulated or enclosed to reduce the likelihood of contact with such parts,
regardless of their location.

8.3 Engine generator assemblies intended to be located within a restricted access area are not
considered user accessible when provided with the following:

a) Marked as required by 94.14; and

b) Provided with instructions as specified in 96.4(s).

8.4 To reduce the risk of unintentional contact that involves a risk of electric shock from an uninsulated
live part or film-coated wire, electrical energy — high current levels, or injury to persons from a moving part,
an opening im an enclosure shall comply with either (a) or (b):

a) Fof an opening that has a minor dimension (see 8.8) less than 25.4 mm (1 inch), spch a rotating
part, live part or wire shall not be contacted by the probe illustrated in Figure-8.1/

b) For an opening that has a minor dimension of 25.4 mm (1 inch) or more; such a patt or wire shall
be sppced from the opening as specified in Table 8.1.

Exception: Ap opening in an integral enclosure of a motor or alternator(is'not required to comply with these
requirements when it complies with 8.5.

Figure 8.1

Articulate probe

Section
(10) A-A B-8B
B % |
11,2\ |

Cylindrical

Handle
r—"%/ Stop plate
T ]

—=8

(EXampTe)

Section C-C

Part 3 Part 2 Part 1

= 1 4=

SA1788A

All dimensions are in mm.
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Table 8.1
Minimum distance from an opening to a part that involves a risk of electric shock, electrical
energy-high current level, or injury to persons
Minor dimension of openinga'b Minimum distance from opening to part®
mm (Inches) mm (Inches)
19.1°¢ (3/14) 114.3 (4-1/2)
25.4°¢ (1) 165.1 (6-1/2)
31.8 (1-1/4) 190.5 (7-1/2)
38.1 (1-1/2) 317.50 (12-1/2)
47.6 (1-7/8) 393.70 (451/2)
540 (2-1/8) 4445 (17-1/2)
g d 762.0 (30)
@See 8.8.
b Between 19.1[and 54.0 mm (3/4 and 2-1/8 inches), interpolation is to be used to determine a valug'between value$ specified in
the table.
¢ Any dimension less than 25.4 mm (1 inch) applies to a generator only.
4 More than 54.p mm (2-1/8 inches) and not more than 152.4 mm (6 inches).
8.5 With regpect to a part or wire as specified in 8.4, in an integfallenclosure of a generator as specified
in the Exception to 8.4:
a) An ppening that has a minor dimension (see 8.8) less than 19.1 mm (3/4 inch) comglies when:

b) An
wire is

1) A moving part is not contacted by the probe illustrated in Figure 8.2;
2) Film-coated wire is not contacted'by the probe illustrated in Figure 8.3;

3) In a directly accessible generator (see 8.10), an uninsulated live part is not
the probe illustrated in Figure 8.1; and

4) In an indirectly accessible generator (see 8.9), an uninsulated live part is 1
by the probe illustfated in Figure 8.2.

ppening thatshas’a minor dimension of 19.1 mm (3/4 inch) or more complies w
spaced frem-the opening as specified in Table 8.1.

contacted by

ot contacted

hen a part or
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Figure 8.2

Probe for moving parts and uninsulated live parts in engine generator assemblies

e —

19.1mm DIA.

— ANY CONVENIENT LENGTH

12.7mm DIA.
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=
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Figure 8.3

Probe for film-coated wire in generators

—=— ANY CONVENIENT LENGTH

19.05 mm (3/4 inch) Dia. —~_

12.7 mm (1/2 inch) Dia.

VA

PA14(

8.6 The pro
maximum po
through the ¢

Figure 8.1 sh
changed afte

8.7 The prg

provided by 3
with @ maxim

8.8  With ref

A

~=— 101.60 mm (4 inches)

6.35 mm (1/4 inch) Rad.

B

pbes specified in 8.4 and 8.5 and-illustrated in Figure 8.1 — Figure 8.3 shall be 3
ssible depth of the opening; @and shall be rotated or angled before, during, and 3
pening to any position ¢hat is required to examine the enclosure. The probe
all be applied in any,_possible configuration; and, where required, the configura
insertion through the opening.

bes specified in” 8.6 shall be used as measuring instruments to judge the

im force of4.4 N (1 pound).

brence to the requirements in 8.4 and 8.5, the minor dimension of an opening is

pplied to the
fter insertion
illustrated in
tion shall be

accessibility

n openingyand not as instruments to judge the strength of a material. They shall be applied

the diameter

of the largest

(- Joas 1 1 4l s - - L4l 1 4l -
yHuriaricdr provc tiat 15 isereu imrouyrt uie UPeTInmy.

8.9 With reference to the requirements in 8.5, an indirectly accessible generator is a generator:

a) That is accessible only by opening or removing a part of the outer enclosure, such as a guard or

panel,

that is opened or removed without using a tool (see 4.77);

b) That is guarded or enclosed so that the risk of contact is small; or

c) Tha

t is determined to have a low risk of contact (see 8.11) due to its location.

8.10 A directly accessible generator is a generator:

a) That is contacted without opening or removing any part; and
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b) That is located so as to be accessible to contact.

8.11

enclosure, shall not touch any uninsulated live part that involves a risk of electric shock.

The test pin illustrated in Figure 8.4, when inserted as specified in 8.6 through an opening in an

Figure 8.4
Test pin
— —— 4
+0
3]
] i l_
25 10 - - - —
+0.2 | ¢ | !

4 +0 =
-0.05

S2967

1 mm =0.039 in|

8.12 Thep
in 8.6 into all
into all open
unit fromiits i

8.13 During

obe shown in Eigure 8.1 and the test pin shown in Figure 8.4 are to be inserte
openings, including those in the bottom of the unit. The probe and test pin are
ngs in the~bottom that are accessible without tipping, turning over, or otherwis
htended installed position.

theséxamination of a unit to determine whether it complies with the requirem

Dimensions in millimeters

 as specified
o be inserted
e moving the

ents in 8.4 or

£

EZ nelacirathat 1o Anana aved-hb oo o tanl

8.5, a part @

OE—Framon AL ot wiathood Lo ine
T ohoIoSOTe—iat 15 UpPCTCU— O TCTTOvVe U~ oy i aSCT witnootT aoiiy— o (OUO1

(to attach an

accessory, to make an operating adjustment, to give access to a fuse or other overload protective device
as described in 7.6, or for other reasons) is to be opened or removed. A fastener, such as a slotted-head

thumb screw

, that is turned by hand, does not require the use of a tool.

8.14 With reference to the requirements in 8.4 and 8.5, insulated brush caps are not required to be
additionally enclosed.

8.15 The maximum voltage of a battery supply of a unit employing batteries intended for user

replacement

shall not exceed 60 V in dry locations or 30 V in wet locations.

Exception: Higher battery voltage is permitted when the batteries and battery wiring comply with applicable
shock hazard requirements such as but not limited to enclosures, accessibility, and shock hazard
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markings. The instruction manual shall include warnings for the associated hazards and also include
service procedures and guidance for qualified service persons to perform the work.

8.16 Uninsulated live parts at a potential involving a risk of electric shock that are located in the area
containing batteries intended for replacement by the user shall be insulated or enclosed to reduce the risk
of contact with such parts, regardless of their location.

8.17 The instruction manual for a unit containing batteries intended for user installation or replacement
shall include instructions for battery replacement as specified in 96.4.

8.18 Insulated and unmsulated medium voltage components and W|r|ng |nclud|ng low voltage circuits
essible to the
user. They shaII be Iocated behind boIted covers or mterlocked doors that are not requwed {0 e opened by
the user. Seq 7.9.2 and 7.9.3 with respect to accessibility of medium voltage parts when-erclosures are
ventilated.

9 Electric Shock
9.1 Voltage

9.1.1 The r¢quirements described in 9.1.2 and 9.2.2 are used~{6 determine when the Joltage of an
accessible live part poses a risk for electric shock. Determinationvof whether a live part is ficcessible to
users and sefvice personnel is specified in Section 8, Protection of Users — Accessibility of Uninsulated
Live Parts anfl Moving Parts — and User Servicing, and Section 43, Protection of Service Perspnnel.

9.1.2 A live|part is determined not to be a risk for electric shock when the voltage of the part does not
exceed the values specified in Table 9.1.

Table 9.1
Risk of eléctric shock — maximum voltage
Voltage type Indoor-use units (wet contact Outdoor-use unitg (wet contact
not likely) likely — immefsion not
included)
1. Sinusoidal, at 30V, rms 15V, s
2. Non-sinusoidal, ac 424V, peak 21.2 'V, geak
3. Puredc 42.4°2V 30V
4. DC interruptgd at'a rate of 10 to 200 Hertz 248V, peak 12.4 V, geak
5. Combinationsofdc and sinusaidal ac at frequencies. See Figure 9.1 See Figude 9.1
not greater than 100 Hertz
& This value was reduced from 60 V to 42.4 V for consistency with the Canadian Electrical Code, Part I.
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Figure 9.1

Maximum voltage
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9.2 Stored energy
9.2.1 The capacitance between capacitor terminals that are accessible as determined by the
requirements in Section 8, Protection of Users — Accessibility of Uninsulated Live Parts and Moving Parts

— and User Servicing, and Section 43, Protection of Service Personnel, shall satisfy the following
expressions:

V < 40,000 where C <0.00328

V <729 C%7 where 0.00328 < C < 2.67

V <367 where2-67<€<43-9

V<2314 C* where 13.9 < C <184.5 in a DRY environment
V <60 where C = 184.5 in a DRY environment
V<2314 C? where 13.9 < C <497 in a WET environment
V<30 where C 2497 in a WET environment

In which:
C is the capacitance of the capacitor in microfarads; and

V is the voltage across the capacitor in volts, V~is to be measured 5 seconds after the capacitor
terminals are accessible by the removal er~opening of an interlocked cover, or similar device.
Typicdl calculated values appear in Table-9:2, and the equation is shown graphically in[Figure 9.2.

Table 9.2
Risk of electric shock — stored energy current
Ehvironment Capacitance, microfarads?® Maximum vo_Itage agross the
capacitor, Vol|ts
0.00328 or less 40,000
0.005 29,749
0.01 18,313
0.02 11,273
AfetorDry 6-65 5,936
0.1 3,654
0.2 2,249
0.5 1,184
1.0 729
2.0 449
2.0 449
2.671t013.9 367
20.0 284
50.0 150
100.0 92.1

Table 9.2 Continued on Next Page
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Table 9.2 Continued

Environment

Capacitance, microfarads?®

Maximum voltage across the
capacitor, Volts

184.5 60.0
Dry only 184.5 or more 60.0
Wet 200 56.7
497 or more 30.0
@ See 9.2.1 and Figure 9.2.
Figure-9-2

Mt
vyort

367 4

Aeross—Ceapeett

AVINTY

Limited for voltage across capacitance

a — Dry Environment

b — Wet Environmeént

S3260

2.67 13.9

Capacitance in Microfarads

184.5 497

9.2.2 With reference 10 9.2.7, a part involving a potential of more than 40 kV peakis o be investigated to
determine whether or not it involves a risk of electric shock.

10 Corrosion Protection

10.1  Outdoor enclosure sheet steel having a thickness of 3.05 mm (0.12 inch) or more that may be
exposed to the weather shall be made corrosion-resistant by one of the following coatings:

a) Hot-dipped mill-galvanized sheet steel conforming with the coating designation G60 or AG0 in
ASTM A653, with not less than 40 percent of the zinc on any side, based on the minimum single
spot-test requirement in this ASTM specification. The weight of zinc coating may be determined by
any method; however, in case of question, the weight of coating shall be established in accordance

with ASTM A90/A90M.
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b) A zinc coating, other than that provided on hot-dipped mill-galvanized sheet steel, uniformly
applied to an average thickness of not less than 0.010 mm (0.00041 inch) on each surface with a
minimum thickness of 0.009 mm (0.00034 inch). The thickness of the coating shall be established

by the

Metallic Coating Thickness Test of 103.3.

¢) An organic or inorganic protective coating system on both surfaces, applied after forming. The
results of an evaluation of the coating system in accordance with UL 1332 shall demonstrate that it
provides protection at least equivalent to that provided by the zinc coating described in (a). See
7.6, Nonmetallic enclosures, and 103.6, Corrosive atmosphere test.

d) Any one of the means specified in 10.2.

10.2 Sheet
weather shall

a) Hot
AB53,
requir
accep
accorg

b) A 7
applie
minim
by the

c)Az
shall g

d) An
results
provid
See 7

10.3 With
demonstrate
(G90) in 10.2

10.4 With r
combinations
annealing, wi

Steel having a thickness of 1855 than 3.05 mm (0. T2 Inch) which may be ex
be made corrosion-resistant by one of the following coatings:

-dipped, mill-galvanized sheet steel conforming with the coating designation ¢
with not less than 40 percent of the zinc on any side, based on the mihimum s
bment in this ASTM specification. The weight of zinc coating may’ be deter
able method; however, in case of question, the weight of coating shall be €
ance with ASTM A90/A90M.

inc coating, other than that provided on hot-dipped ill-galvanized sheet stg
i to an average thickness of not less than 0.015 mm (0.00061 inch) on each s
Lim thickness of 0.014 mm (0.00054 inch). The thickness of the coating shall bs
Metallic Coating Thickness Test of 103.3. An annealed coating shall also compl

nc coating conforming with 10.1 (a) or (b):with one coat of outdoor paint. The cg
omply with 10.3.

organic or inorganic protective coating system on both surfaces, applied after

of an evaluation of the coating:system in accordance with UL 1332 shall demo
ps protection at least equivalent to that provided by the zinc coating describg
6, Nonmetallic enclosuresyiand 103.6, Corrosive atmosphere test.

bference to 10.2 (c)vand (d), the results of an evaluation of the coating
hat it provides protection at least equivalent to that provided by the zinc coating
a). See 7.6, Nonmetallic enclosures, and 103.6, Corrosive atmosphere test.

pference~to 10.1 and 10.2, other finishes, including paints, other metallic
of thextwo may be accepted when comparative tests with galvanized sheet 3
bing,. or other surface treatment) conforming with 10.1 or 10.2(a) as applicable,

i

osed to the

590 in ASTM
gle spot-test
ined by any
stablished in

el, uniformly

urface with a

p established
with 10.5.

ating system

forming. The
nstrate that it
d in 10.2(a).

system shall
as described

inishes, and
teel (without
indicate they

provide equivi

lent protection. See 103.6, Corrosive atmosphere test

10.5 An annealed coating on sheet steel that is bent or similarly formed or extruded or rolled at edge of
holes after annealing shall additionally be painted in the bent or formed area if the bending or forming
process damages the zinc coating. If flaking or cracking of a zinc coating at the outside radius of a bent or
formed section is visible at 25 power magnification, the zinc coating is considered damaged.

10.6 Simple sheared or cut edges and punched holes are not required to be additionally protected.

10.7

plated, painted, or enameled for protection against corrosion.

Iron or steel serving as a necessary part of the product but not exposed to the weather shall be

Exception: This requirement does not apply to cast iron engine blocks, cast iron manifolds, or aluminized
carbon steel exhaust tubing and piping.
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10.8 Aluminum, stainless steel, and polymeric materials may be used without corrosion-resistant
coatings or plating.

10.9 Aluminum enclosures constructed from other than 5052, 6061 alloys shall comply with 10.1(c).

10.10 Materials not specifically mentioned in this Section shall be evaluated on an individual basis. The
tests described in 7.6, Nonmetallic enclosures, and 103.6, Corrosive atmosphere test, may be used for the

evaluation.

10.11
either:

Indoor ferrous metal enclosures and external ferrous metal parts attached to these enclosures

a) Shall be protected against corrosion by enameling, painting, galvanizing, or oth

mea

, or

b) Shgll be tested in accordance with the 24-hour salt spray test requirements of C
94.2 JUL 50E.

11 Mecha

11.1 Loose
resultin aris

11.2 Screw
safety wire (
and upset sc

11.3 The cq
bolt resulting

a)Th
b) Mis

) Thg

ical Assembly

ning of parts in a unit as a result of vibration due to handling and operation of thg
K of fire, electric shock, injury to persons, or electricakehergy — high current level

S, nuts, bolts, and fittings with properly applied thread locking compounds, |
ocking-wire), screws, nuts and bolts tightened by means of a power tool, rivet
rews are not subject to loosening. See 11+3.

nstruction of staked and upset screws'is to consist of an interference fit betwee
in uneasy turning of the screw. This is accomplished by:

b use of a center punch applied to the end of a bolt after assembly;
matching of the nut and bolt threads; or

e equivalent (distorted thread locknut).

11.4 A rota
current level
means that

rotating part in

ing part that;\when loosened, results in a risk of fire, electric shock, electrical

$, or injuryto persons shall be assembled so that the direction of rotation tends

old thexrotating part in place.

er equivalent

bA C22.2 No.

unit shall not
S.

ock washers,
5, and staked

n the nut and

energy — high
to tighten the

place is not prohibited.

used to hold a

11.5 A switch, fuseholder, lampholder, AC convenience receptacle, motor-attachment plug, or other
component that is handled by the operator shall:

a) Be

mounted securely;

b) Not turn; and

c) Comply with the requirements specified in 11.6.

Exception: The requirement that a switch shall not turn does not apply when all the following conditions

are met:
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a) The switch is of a plunger, slide, or other type that does not tend to rotate during intended
operation (a toggle switch is considered to be subjected to forces that tend to turn the switch);

b) The means of mounting the switch does not loosen the switch during operation;

¢) Spacings are not reduced below the minimum required value when the switch rotates; and

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

11.6 The means of securing components specified in 11.5 shall include more than friction between
surfaces. A lock washer is not prohibited from being used as a means to secure a device having a single-
hole mOUnting means:

11.7 A blow
or equivalent
falling from its

a) Bol
b) Bol
c) Bolt

d) Riv

Exception: A
11.2 and orig
does not con
current leveld
this requirem

12 Switche

12.1 A swit
circuit that it d

12.2 A prim

er or fan motor including the blower or fan blade itself shall be secured by.any of
means in order to reduce the risk of the motor, blower, or fan blade from Wibrati
mounting support:

s, screws and nuts complying with 11.3;
s, screws and nuts having holes or slots with properly applied cotter pins;
s and screws having a compression type lock nut;

pts.

blower or fan motor, including the bloweror:fan blade itself, secured by means
hted, positioned, or located above a barrier such that either the motor, blower,
fact other components resulting in-azrisk of fire, electric shock, or electrical €
in the event that such parts vibrated'loose from their support, is not required td
bnt.

5 and Control Devices

h or other controldevice shall have current and voltage ratings not less than
ontrols when the unit is operated in its intended manner.

Bry-circuit’switch that controls an inductive load having a power factor less tha

such as a transformef or'some ballasts and that does not have an inductive rating, shall be eit

a) Rat

ed ot less than twice the maximum load current under normal operating conditi

the following
hg loose and

described in
or fan blade
hergy — high
comply with

those of the

n 75 percent,
her:

bNs; or

b) Investigated for the application.

12.3 A switch used to connect a load to various sources or potentials shall be a type that has been
investigated and rated for such use. This includes switches used for switching a voltmeter, frequency
meter, and power factor meter between various phases.

12.4 A switch or other device controlling a relay, solenoid coil, or similar device shall have a pilot duty or
VA rating.

Exception: This requirement does not apply to engine mounted starter solenoids.

12.5 Each pole of a snap switch rated as a 2-circuit, 3-circuit, or multi-circuit switch is not prohibited from
controlling a separate load at the full voltage rating of the switch. Each pole of a snap switch rated as a
240V, 2-pole switch is not prohibited from controlling a separate 120 V load. Both poles are not prohibited
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from being used to control both legs of a single 240 V load. Each pole of a snap switch rated as a 240 V, 3-
pole switch is not prohibited from controlling a separate load not exceeding 139 V. The three poles are not

prohibited fro

m being used to control the three legs of a 3-phase, 240 V load.

12.6 A 240V or 250V snap switch used in a circuit involving more than 120 V to ground shall be rated for

such use as i

ndicated by a double underlining under the voltage rating.

12.7 A switch shall not disconnect the grounded conductor of a circuit unless:

a) The grounded conductor is disconnected by a switch that simultaneously disconnects all
conductors of the circuit.

b) T

conductor is not disconnected until the ungrounded conductors of the circui
discopnected.

12.8 A tranpfer switch used to connect the load shall comply with requirements)in’CSA C22

UL 1008 or
enclosure, t

12.9 Mechanical and electromechanical switches shall comply with' the applicable req

switches in Q

12.10 Whe
between the
upper positio

Exception: T
a)As
b) A g
c)Arn
d) An
12.11 Outp

generator sh
removable o

grounded conductor is disconnected by a switch that is so arranged that

SA C22.2 No. 178.3 / UL 1008A. Where a transfer switch is not contained insig
transfer switch may be provided as an accessory.

SA C22.2 No. 111 /UL 20, CSA C22.2 No. 14 / UL 508, or other applicable stan

N a unit switch or circuit breaker is mounted such that movement of the ope
“on” position and “off” position results in one" position being above the other
n shall be the “on” position.

his requirement does not apply to:

witching device having more thanrone “on” position (such as a bypass switch);
ouble throw switch;

Dtationally-operated Switch; or

bcker switch.

Lt circuit breakers 1000 Vac or less that are drawout-mounted type integrated
all comply with Sections 43, 90, 94, 96, and CSA C22.2 No. 268 / UL 1066
hly through the use of tools.

he grounded
have been

.2 No. 178.1/
e the product

Liirements for
Hards.

rating handle
position, the

to the engine
and shall be

12.12 Output circuit breakers rated over 1000 Vac shall comply with IEEE C37.09 and with NEMA
C37.54 if of the drawout type.

13 Alternators and Generators

13.1
No. 100/ UL

14 Output

14.1

1004-4 and additionally to UL 1004-9 for greater than 1000 V output.

Power Disconnection Device

The generator assembly shall be provided with the following:

The alternator or generator relied upon to provide rated output power shall comply with CSA C22.2

a) An output power disconnection device or a lockout switch that electrically isolates the generator
assembly from other electrical energy sources and also prevents motoring; and
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b) Installation instructions that a disconnect shall be installed with the generator.

NOTE: A disconnect means is required to be provided for an installed generator. The disconnect device may be a separate device
that is installed with the generator or it may be integral to the generator.

14.2 When a disconnection device is provided, it shall:

a) Open all ungrounded conductors;

b) Consist of either a manually or electrically operated switch or circuit breaker;

c) Employ an operating handle that is either accessible from outside of the enclosure or located

under

dooror hingnd cover;and

d) Be

14.3 Asign
lockout switc

NOTE: A station
generator assem

14.4 The operating handle referenced in 14.2(b) shall be operable without exposing thg

uninsulated li

14.5 Medium voltage power output disconnection panels,shall comply with CSA C22.2 No. ]

IEEE C37.20
installation in

14.6 To pre
output sourcs
are required {

15 Engine
151 The ¢

disconnectior
assembly eit

inadvertent njovement)or starting of the generator. Programmable control features relying

firmware, or
and Section 2

]

marked in accordance with 93.15.

| contact shall be available to indicate that the generator assembly is-out of sery
is operated.

ary engine generator assembly may operate or be operated when the eutput disconnect is ops
bly may not be out of service.

e low voltage parts, or to any medium voltage parts; whether insulated or unins

2, or [IEEE C37.20.3. If not provided, the.disconnection panel shall be referenc
structions.

ent generator ‘motoring” rotation, engine generators that are rated for paralleli

b be additionally marked in.d@ccordance with 94.18.
btart Disable

enerator assembly shall be provided with a prime mover start disable
device or a lockout switch that positively prevents the startup and operation of 1
her by local-or remote actuation. The circuit shall be fail safe and shall not

microelectronics shall comply with Section 27, Engine Generator Programma
18, Product Manufacturers’ Design Risk Assessment, to evaluate the functional

ice when the

tn therefore the

e operator to
Llated.

P53 / UL 347,
ed in the site

ng with other

s such as utility interactive generators or generators used in parallel with othg¢r generators

function or
he generator
result in the
on software,
ble Controls,
safety of the

circuit.

Exception: Compliance may be demonstrated by use of manual disconnecting device(s) for all starting
energy source(s): AC power and/or all DC power cables and/or air hoses that are able to be removed and
visibly secured with a lock out/tag out device.

15.2 The generator assembly shall be provided with instructions to identify the actions and procedures
necessary to comply with 15.1. If necessary these instructions shall include discharge instructions to
reduce stored energy below hazardous levels.

16 Disconnects Used in Service Equipment Applications

16.1 An engine generator assembly provided with a low voltage disconnect means intended to comply
with service equipment rating requirements as defined in Article 225.36 of the National Electrical Code,
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NFPA 70, and/or Section 6 of the Canadian Electrical Code, Part |, shall comply with CSA C22.2 No. 0.19/
UL 869A.

16.2 An engine generator assembly provided with a medium voltage power output disconnect panel
means intended to comply with service equipment rating requirements as defined in Article 225.36 of the
National Electrical Code, NFPA 70, and/or Section 6 of the Canadian Electrical Code, Part |, shall comply
with the requirements for service equipment in CSA C22.2 No. 253 / UL 347.

17 Output Connections

17.1 General

17.1.1 A urit shall have provision for connection of a wiring system in accordance with 27142 — 17.1.5.

17.1.2 Proyision for connection of a low voltage wiring system shall consist of:

a) Either wiring terminals as specified in 17.1.8 — 17.1.18, circuit breaker load termipals or wiring
leads|as specified in 17.1.19 — 17.1.23;

b) A means for connection of cable or conduit as specified in 17.4:26 and 17.2.1; and

c) Bus bars with field wiring terminal lugs or provisions{for field wiring lugs that complies with
17.1.12.

Exception: The requirements described in 17.1.8 — 17.1-26 do not apply to the means for connection to
accessible sfgnal circuits complying with the requiremients specified in Section 30, Accgssible Signal
Circuits.

17.1.3 Proyvision for connection of a medium-yoltage wiring system shall consist of one of the following:
a) Bug bars provided with hole patteérns meeting the requirements of NEMA CC1; or

b) Cdnnectors complying with-CSA C22.2 No. 65 / UL 486A-486B rated for the cpnductor size
requied based on 125 percent of the rated current.

17.1.4 For |wiring system“connections to medium voltage generators, there shall be provisions for
bonding of cpnductor shjelds to the ground bus. These provisions shall be located:

a) Sugh that\the shield bonding conductor need not exceed 1 m (3.3 ft); and

b) In fhe same compartment as the wiring terminal for the associated shielded condugtors.

17.1.5 Medium voltage equipment shall not be provided with field wiring leads for connections to medium
voltage circuits. As such, 17.1.19 — 17.1.23 do not apply to medium voltage conductors.

17.1.6 When the generator is provided with AC convenience receptacles in addition to the output
connections in 17.1.1, the AC convenience receptacle shall comply with 17.4.

17.1.7 The requirement in 17.1.1 applies to the wiring connection means for the output power circuits of
a unit. These connections are intended to be made in the field when the unit is installed.

17.1.8 A field wiring terminal for low voltage conductors shall be sized for the connection of a conductor
having an ampacity based on Table 310.15(B)(16) of the National Electrical Code, NFPA 70, and/or Tables
1 to 4 of the Canadian Electrical Code, Part |, of no less than 115 percent of the maximum rated current to
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the first distribution device(s) containing overcurrent protection. For medium voltage conductors, the
conductor ampacity shall be based on Table 17.1.

Table 17.1
Insulated copper conductor amp?at::i(teies for medium voltage connections
Conductor Size 2001 - 5000 V Conductors 5001 — 15000 V Conductors

AWG — kcmil A A
8 64 -

6 85 90

4 110 115

2 145 155

1 170 175

1/0 195 200

2/0 220 230

3/0 250 260

4/0 290 295

250 320 325

350 385 390

500 470 465

750 585 565

1000 670 640

17.1.9 A field wiring terminal for low voltage conductors shall comply with the requirement in 17.1.8 for a

wire of each 11

17.1.10 A fi
connector of
held by a scre

Exception No
accordance v

Exception No
(5.3 mm®) or
provided to h

netal for which it is marked. See 93.7.

eld wiring terminal for low voltage conductors shall be provided with a press
bther than the crimping type that is securely fastened in place — for example, fir,
w.

1: A pressure terminal connector, including a crimping type, when used is fie
jith 17.1.12.

2: A wire-binding screw employed at a wiring terminal intended for connection
Emaller eanductor is not prohibited when upturned lugs, a cupped washer, or the
bld the wire in position.

17111 Afi

bure terminal
mly bolted or

d-installed in

ofa 10 AWG
equivalent is

pld-wiring terminal shall be prevented from turning or shifting in pasition by a

means other

than friction between surfaces. This is to be accomplished by two screws or rivets; by square shoulders or
mortises; by a dowel pin, lug, or offset; by a connecting strap or clip fitted into an adjacent part; or by an
equivalent method.

Exception: A pressure terminal connector of the type that secures the wire by crimping and used in
accordance with the requirements in 17.1.12 is not prohibited from turning when the least spacing
between adjacent terminals and also between terminals and dead metal parts, complies with Spacings,
Section 25, for when connectors are oriented in such a position that results in these spacings.

17.1.12 In accordance with Exception No. 1 to 17.1.10, a pressure terminal connector is not required to
be provided when the conditions in (a) — (e) are met:

a) One or more component terminal assemblies shall be available from the unit manufacturer or
others, and they shall be specified in the instruction manual. See 96.4 (b) and (c).
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b) The fastening hardware such as a stud, nut, bolt, spring or flat washer, or similar device, as

requir

ed for an effective installation, shall either be:
1) Provided as part of the terminal assembly;
2) Mounted on or separately packaged with the unit; or

3) Specified in the instruction manual.

c¢) The installation of the terminal assembly shall not involve the loosening or disassembly of parts
other than a cover or other part giving access to the terminal location. The means for securing the
terminal connector shall be readily accessible for tightening before and after installation of

cond

ctors

d) Wh

en the pressure terminal connector provided in a terminal assembly requires th

e use of other

than & tool for securing the conductor, identification of the tool and any required’ ins{ructions shall

be indg

e) Ins
comp

17.1.13 An
described in

17.1.14 A
diameter).

Exception N
ofa:

a) 14
b) A 1

Exception N
0.82 mm?) c{

17.1.15 A

171.16 At
inch) thick.

luded in the assembly package or with the unit. See 96.4(d).

tallation of the pressure terminal connector in the intended manner shall re
ying with the requirements of this Standard.

insulating base for support of a pressure terminal connector shall be subject
76.1 and 76.2.

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

AWG (2.1 mm?) conductor; or

6 or 18 AWG (1.3 or 0.82.mim?) control-circuit conductor.

. 2: A No. 6 (3.5 mm.diameter) screw is used for the connection of a 16 or 18
ntrol-circuit conductor.

ire-binding‘serew shall thread into metal.

erminakplate tapped for a wire-binding screw shall be of metal not less than 1.1

sult in a unit

ed to the test

10 (4.8 mm

. 1: A No. 8 (4.2 mm diameter) screw.is used at a terminal intended only for the connection

AWG (1.3 or

7 mm (0.050

Exception: A terminal plate less than 1.27 mm (0.050 inch) thick is not prohibited for use in a LVLE circuit
or limited energy circuit (see 4.43 and 4.47) when the tapped threads have the mechanical strength to
withstand the tightening torque specified in Table 17.2 withstanding 10 cycles of tightening to and
releasing from the applicable value of torque specified in Table 17.2 without:

a) Da

mage to the terminal supporting member;

b) Loss of continuity;

c¢) Short circuiting of the electrical circuit to accessible metal; or

d) Stripping of threads.
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Table 17.2

Tightening torque for wire-binding screws

Tightening torque
Size of terminal screw,
number Wire sizes to be tested, AWG? or mm? Newton meters (Pound-inches)
6 16-18/1.3-0.83 (ST) 1.4 (12)
8 14/2.1(S)and 16 — 18 (ST) 1.8 (16)
10 10-14/4.8-2.1(S)and 16 — 18 (ST) 2.3 (20)
@ ST — stranded wire; S — solid wire.
17.1.17 Thare-shaltbe-two-ormore-ful-threadsin-the-metalo e metal at the
tapped hole tp provide at least two full threads is not prohibited.
Exception: Two full threads are not required for a terminal in a LVLE or limited-energy cifcuit (see 4.43 and

4.47) when &
when subject

17.1.18 Atd
identified as d

17.1.19 Afi
which it is co
mm?) or large
A field-wiring

Exception No
size branch ¢

Exception Ng
which it is co
factory-provig
construction (

lesser number of threads results in a secure connection in which\the thready
bd to the tightening torque specified in Table 17.2.

rminal for connection of a grounded conductor of an alternating current power ¢
escribed in 93.10.

bld-wiring lead shall not be more than two wire sizes”smaller than the copper
nnected, and shall not be smaller than 18 AWG\(0.82 mmz), for example, a

ead shall not be less than 152.4 mm (6 inches) long.

1: A 18 AWG size field-wiring lead ds hot prohibited for connection to a 12 AU
rcuit conductor.

. 2: A lead, more than two-Wire sizes smaller than the field-provided copper
hnected, and not smaller than 18 AWG (0.82 mm?), is not prohibited when m
ed copper lead is intended for connection to the same field-provided g
omplies with the cenditions in (a) — (c):

a) A wire connector\for connection of the field-provided wire is provided as part ¢

remot
splice

b) The
an ind

p-control assembly, and the wire connector is intended for the combination of |
;

factory-provided leads are bunched or otherwise arranged so that stress does
vidual lead; and

do not strip

rcuit shall be

conductor to
0 AWG (5.3

r field-wiring lead is required for connection to'a6 AWG (13.3 mm?) field-provided conductor.

G (3.3 mm?)

conductor to
pre than one
ad, and the

f the unit or
Vires that are

not result on

¢) Instructions are provided in accordance with 96.4(e).

Exception No. 3: The requirements in 17.1.19 do not apply to control circuits. See Section 26, Control

Circuits.

17.1.20 A field-wiring lead shall be rated for the voltage, current, and installation environment including
but not limited to moisture, oil exposure, corrosion, temperature and mechanical damage.

17.1.21

A field-wiring lead provided for connection to an external line-voltage circuit shall not be

connected to a wire-binding screw or pressure terminal connector located in the same compartment as the
free end of the wiring lead unless the screw or connector is rendered unusable for field-wiring connection

or:

a) The lead is insulated at the unconnected end: and
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b) A marking is provided on the unit in accordance with 93.16.

17.1.22 The free end of a field-wiring lead that is not used in every installation, such as a tap for a multi-
voltage transformer, shall be insulated. For a grounding lead, see 20.8.

17.1.23 A field-wiring lead for connection of a grounded conductor shall be identified as described in
93.10.

17.1.24 A wiring compartment shall be located so that wire connections therein are accessible for
inspection, without disturbing either factory or field connected wiring, after the unit is installed in the

intended manner.

17.1.25 Wi
connected in
conductor ing

17.1.26 Fo
entrance of fi

a)Th

b) Co

17.1.27 Ou
maintenance

17.1.28 Ou
exposure.

17.2 Openings for conduit or cable connection

17.2.1
connection o

Exception: A
knockout.

17.3 Openings for class 2 circuit conductors

An ¢pening or knockout complying with the requirements specified in 7.8 shall bg

ing compartments, raceways, and similar equipment, for routing and stowage
the field shall not contain rough, sharp, or moving parts that are capable
ulation.

eld wiring through the bottom of the enclosure, the following requirements apply
b bottom enclosure openings shall comply with 7.10.1; and

nduit or knockout openings in accordance with 7.8 shall be provided.

tput conductors exposed to flexing from vibration or other normal generato
shall be of a stranded type.

tput conductors and cables exposed-to water and UV shall be rated for W

f conduit or cable wiring ‘system.

unit complying_with 7.8.7 and 7.8.8 is not required to be provided with an

bf conductors
of damaging

a unit intended for installation on a raised floor or over a cable vault/and having provision for

functions or

ater and UV

provided for

opening or a

17.3.1 An

pnning for the nn’rry of a conductor or conductors of a Class 2 circuit shall be prd

vided with an

insulating bushing. The bushing is not prohibited from being mounted in place in the opening or from being
within the enclosure so that it is properly mounted when the unit is installed.

Exception: The bushing may be omitted when:

a) The opening is capable of accommodating armored cable or conduit; and

b) The installation instructions indicate that Class 1 wiring methods are to be used as indicated in
96.4(0).

17.3.2 A bushing of rubber or rubber-like material provided in accordance with 17.3.1 shall be at least 3.2
mm (1/8 inch) thick, except that it shall be not less than 1.2 mm (3/64 inch) thick when the metal around
the hole is eyeletted or similarly treated to provide smooth edges. A bushing shall be located so that it is
not exposed to oil, grease, oily vapors, or other substances having a deleterious effect on the material of
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the bushing. A hole in which such a bushing is mounted shall be free from sharp edges, burrs, projections,
or similar material that is capable of damaging the bushing.

17.3.3 Openings for conductors of a Class 2 circuit shall be located such that the wiring will be separated
from all Class 1 circuit wiring. Wiring troughs or barriers may be required to ensure that field wiring
conductors for hazardous circuits and Class 1 circuits will be adequately separated from the Class 2 circuit

wiring.

17.4 Receptacles

17.41

a) An

b) A

attach
Sectio
requir

17.4.2 Outp
conditions.

18 Wiring S
18.1 Wirind

18.1.1 Ther
cables likely
that may cont

18.1.2 The adequacy of wiring space shall be judged using:

a) The

extra-duty” outlet box hood in accordance with CSA C22.2 No. 42.1 / UL 514D;

belf-closing enclosure, door, or hinged cover that prevents wetting oflive p
ment plug inserted or removed. The construction shall comply withythe req
n 7, Frame and Enclosure, and Section 77, Cycling Test, as preconditioning for
bments for Outdoor-Use Units in Section 71, Abnormal Tests.

ut receptacles shall be rated for the application including electrical and ¢

pace and Wire Bending Space
space

e shall be space within the enclosure ef'the equipment for the installation of thg
o be used in connecting the mains and branch circuits, including feed throug
nue to other portions of the equipment.

size, type, and conductor material of a wire used at a terminal in accordanc

AC convenience and output receptacles mounted in wet locations shall be provided with either:

pr

arts with the
uirements in
the tests and

nvironmental

se wires and
h conductors

e with 17.1.8

that for low voltagecircuits with ampacities of 110 A or less, the size shall be based on 60°C

F) insulated conduetors although the marking specifies 75°C (167°F) wire;

excep!
(140°F

b) The ng space will

be ins

full complement of branch circuit devices which necessitate that the largest wir
alled; and

c) At ITast one neutral terminal for each branch circuit position identified in (b) above.

18.1.3 If a terminal is for use with two or more combinations of conductors in multiple, each of which
would be appropriate for that terminal in accordance with 17.1.8, the combination necessitating the largest
wiring space shall be used. If a terminal is provided for conductors in multiple, the size of each conductor
shall be based on the use of multiple conduits.

18.2 Wire bending space for low voltage conductors

18.2.1 Wire bending space for field installed wires including grounding conductors shall be provided
opposite any wire connector and also opposite any opening or knockout for a conduit or wireway as
specified in 18.1.2 and either 18.2.2 or 18.2.5.

18.2.2 If a conductor is likely to enter or leave the enclosure surface or open bottom opposite its wire
connector, the wire bending space shall be as specified in Table 18.1. A wire is considered likely to enter
or leave a top, back, or side surface if there is an opening or knockout for a wireway or conduit.
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18.2.3 The wire bending space may be in accordance with Table 18.2 where wire connectors are readily
removable as follows:

a) Only removable or lay-in wire connectors receiving one wire each are used (there may be more
than one removable wire connector per terminal); and

b) The removable wire connectors can be removed from their intended location without disturbing
structural or electrical parts other than a cover and can be reinstalled with the conductor in place.

18.2.4 The

wire bending space may be in accordance with Table 18.3 if:

a) A barrier is provided between the connector and the opening; or

b) Dr

directly opposite the wire connector. See illustrations A, B, and C of Figure 18.1«

18.25 Ifa
wire bending

18.2.6
space may b

18.2.7 If a
connector, th

If theére is no barrier between two sections of a group, up to one third of the required

bwings are provided specifying that the conductors are not to enter or leaye

conductor is not likely to enter or leave the enclosure surface opposite-its wire ¢
space shall be as specified in Table 18.3.

b in the adjacent section.

conductor is restricted by a barrier or other means’from being bent where
e distance is to be measured from the end of the-barrier.

he enclosure

onnector, the

wire bending

it leaves the

18.2.8 For [a unit not provided with a conduit opening’ or knockout (see 7.8.7), the mihimum wiring
bending spage specified in 18.2.2, 18.2.5, and 18.2.7,shall be based on:
a) Any enclosure wall that is used for installation of the conduit; or
b) Only specific walls that are to bé used as determined by a marking, drawing, or template
furnished with the unit.
18.2.9 Theldistance mentioned in 18.2.1 — 18.2.5 is to be measured in a straight line from the edge of the

wire terminall closest to the walkin“a direction perpendicular to the box wall or barrier. See illustrations A —
C of Figure 18.1. The wire términal shall be turned so that the axis of the wire opening in the connector is

as close to
provided to
connector, o
made if it do

perpendicularito the wall of the enclosure as it can assume without defeating any means
brevent its_turning, such as a boss, shoulder, walls of a recess, multiple boltg securing the
the like. A barrier, shoulder, or the like is to be disregarded when the measurement is being
bs notreduce the radius to which the wire must be bent. If a terminal is providgd with one or
more connedters, for the connection of conductors in multiple, the distance is to be measured|from the wire
opening clos y frcut i fmposition — for
example, by the walls of a recess — so that they are turned toward each other, the distance is to be
measured at the wire opening nearest to the wall in a direction perpendicular to the wall.

18.2.10 The width of a wiring gutter in which one or more knockouts are provided shall be large enough
to accommodate (with respect to bending) conductors of the maximum size to be used at that knockout.
The values of the minimum intended width of a wiring gutter, with respect to conductors entering a
knockout, are the same as the values of minimum intended bending space given in Table 18.3. See
illustration E of Figure 18.1.

Exception: The wiring space is not prohibited from being of less width when:

a) Knockouts are provided elsewhere that are in compliance with these requirements;
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b) The wiring space at such other point or points is of a width that accommodates the conductors in
question; and

¢) The knockout or knockouts at such other points are used in the intended wiring of the unit.

18.2.11 When measuring bending space for compliance with Table 18.3, the distance may be measured
in a straight line from the center of the wire opening in the direction the wire leaves the terminal.

18.2.12 A wiring space in which one or more knockouts are provided shall be of a width that will
accommodate (with respect to bending) conductors of the maximum size likely to be used at that
knockout. The values of the minimum width of a wiring space, with respect to conductors entering a
knockout, are the same as the values of minimum bending space given in Table 18.3. In the determination

of the availaile width of a wiring gutter, no credit is given for the space within or immedia

terminal com

18.2.13 Thsg
compliance W

artment intended for an ungrounded conductor.

wiring space may be of less width if knockouts are provided-elsewhere
ith these requirements, the wiring space at such other point or points is of a v

accommodaté the conductors in question, and the knockout or knockouts atlsuch other p

conveniently

sed in the intended wiring of the device.

18.214 A tIrminaI compartment is considered to be a space inta’which wires will normall

only for conn

18.2.15 Wh
connector, th
accordance W

a)Ab

b) Drg
directl

ction to terminals in that space.

bre a conductor is not likely to enter or leave the enclosure surface oppqg
e wire bending space shall be as specified,in Table 18.3. The wire bending
ith Table 18.3 where:

brrier is provided between the connegtor and the opening; or

wings are provided specifying:that the conductors are not to enter or leave t
y opposite the wire connector:See illustrations A, B, and C of Figure 18.1.

tely above a

that are in
vidth that will
oints can be

y be brought

site its wire
space is in

he enclosure

Table 18.1
Minimum wire-bending space at terminals
Wire Size Wires per Terminal
1 2 3 4 dr More
(AWG or kcmil) mm (inch) mm (inch) mm (inch) mm (inch)
14-10 Not - - - - - -
specified
8 38.1 (1.5) - - - - - -
6 50.8 2(1.5) - - - - - -
4 76.2 3(2) - - - - - -
3 76.2 3(2) - - - - - -
2 88.9 3.5(2.5) - - - - - -
1 114 4.5(3) - - - - - -
1/0 140 5.5 (5) 140 5.5 (5) 178 (7) - -
2/0 152 (6) 152 (6) 190 (7.5) - -
3/0 165 (6.5) 165 (6.5) 203 (8) - -

Table 18.1 Continued on Next Page
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Table 18.1 Continued

Wire Size Wires per Terminal
2 4 or More
(AWG or kcmil) mm (inch) mm (inch) mm (inch) mm (inch)
4/0 178 (7) 190 7.5(7) 216 (8.5) - -
250 216 8.5(8) 216 8.5(8) 229 9) 254 (10)
300 254 (10) 254 (10) 279 (11) 305 (12)
350 305 (12) 305 (12) 330 13(12) 356 (14)
400 330 13 (12) 330 13 (12) 356 (14) 381 (15)
500 356 TZ(12) 356 TZ(12) 38T T5(14) 206 (16)
600 381 15 (14) 406 (16) 457 (18) 483 (19)
700 406 16 (14) 457 18 (16) 508 20 (18) 559 22 (19)
750 432 (17) 483 (19) 559 (22) 610 (24)
800 457 (18) 508 20 (19) 559 (22) 610 (24)
900 483 19 (18) 559 22 (19) 610 (24) 610 (24)
1000 508 (20) - - - - - -
1250 559 (22) - - — - - -
1500 610 (24) - - = - - -
1750 610 (24) - - - - - -
2000 610 (24) - - - - - -
Table 18.2
Minimum wire-bending space at terminals where wire connectors are readily removable
Wire Size Wires per Terminal
2 4 or More
(AWG or kemffl) mm (inch) mm (inch) mm (inch) mm (inch)
14-10 Not - - - - - -
specified
8 38.1 (1.5) - - - - - -
6 50.8 (2) - - - - - -
4 76-2 (3) - - - - - -
3 76.2 (3) - - - - - -
2 889 (35) = = = = = -
1 114 (4.5) - - - - - -
1/0 140 (5.5) 140 (5.5) 178 (7) - -
2/0 152 (6) 152 (6) 190 (7.5) - -
3/0 152 (6) 152 (6) 203 (8) - -
4/0 152 (6) 152 (6) 203 (8) - -
250 165 (6.5) 165 (6.5) 203 (8) 254 (10)
300 178 (7) 203 (8) 254 (10) 305 (12)
350 229 9) 229 9) 254 (10) 305 (12)
400 254 (10) 254 (10) 279 (11) 305 (12)

Table 18.2 Continued on Next Page
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Table 18.2 Continued

Wire Size Wires per Terminal
1 2 3 4 or More

(AWG or kcmil) mm (inch) mm (inch) mm (inch) mm (inch)
500 279 (11) 279 (11) 305 (12) 330 (13)
600 305 (12) 330 (13) 381 (15) 406 (16)
700 330 (13) 381 (15) 432 (17) 483 (19)
750 356 (14) 406 (16) 483 (19) 533 (21)
800 457 (18) 508 (20) 559 (22) 610 (24)
900 783 T9) 559 22) BT0 23) BT0 (24)
1000 508 (20) - - - - - -
1250 559 (22) - - - - = -
1500 610 (24) - - - - - -
1750 610 (24) - - - ~+ - -
2000 610 (24) - - - ~ - -

NOTE — The vdlues in this table apply to:

1) Only removable or lay-in wire connectors receiving one wire each are used (there may be more than on¢ removable
wire cpnnector per terminal); and

2) Theg removable wire connectors can be removed from their intended location without disturbing structurdl or electrical
parts gther than a cover, and can be reinstalled with the conductoc'in place.

Table 18.3
Minimum| width of gutter and wire-bending space for conductors through a wall not ppposite

terminals in mm (inches)

Size of wire Wires per terminal (pole)
AWG or
kemil (mm?) 1 2 3 4 5
14 -10 AWG (2.1-5.3) Not specified - - - -
8-6 (8.4-13.3) 38.1 (1-1/2) - - - -
4-3 (21.1<26)7) | 50.8 2) - - - -

2 (33.6) 63.5 (2-1/2) - - - -

1 (42.4) 76.2 (3) - - - -
1/0-2/0 (63.5-74) 88.9 (3-1/2) 127 (5) 178 (7) - -
3/0-4/0 (85.0-107) 102 4) 152 6) 203 (8) - -

250 kemil (127) 114 (4-1/2) 152 (6) 203 (8) 254 (10) -
300 — 350 (152 -177) 127 (5) 203 (8) 254 (10) 305 (12) -
400 - 500 (203 —253) 152 6) 203 (8) 254 (10) 305 (12) 356 (14)
600 — 700 (304 — 355) 203 8) 254 (10) 305 (12) 356 (14) 406 (16)
750 — 900 (380 —456) 203 (8) 305 (12) 356 (14) 406 (16) 457 (18)
1000 — 1250 (507 — 633) 254 (10) - - - -
1500 -2000 (760 - 1010) 305 (12) - - - -

NOTE — The table includes only those multiple-conductor combinations that are likely to be used. Combinations not mentioned are
not prohibited from being given further consideration.
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pass through.

D; is the width o
2 A conduit oper]

space specified
b A conduit ope
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knockout is not

¢ A conduit ope
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Wire bending space

A B
| Enclosure Walls— o |
Terminal
0 &Li;”s"'“" XX
OO S~ | o
D41° g D2°
€ D
/%0,%0)] i
|y - ) |-
g . c D2
Barrier Borrierd Dy or D3
Enclosure Walls \—/l $
E
.. e
’/-Wmng Gutter
1 oo
OO0
—s=1D 3<—
S3511A

ce between a wire connector or an adjacent barrier and the opposite wall that conductors are

f a wiring gutter having a sidé through which conductors are intended to pass through.

ing or knockout is proyvided in the wall opposite the terminal lugs. D, shall not be less than the minin{
in Table 18.1.

ing or knockout,is‘provided in the wall at a right angle to the wall opposite the terminal lugs. The
her is not provided with a knockout or conduit opening or a marking is provided indicating that the c
o be used, Dg'shall not be less than the minimum wire bending space specified in Table 18.3.

hing or knockout is provided in the wall at a right angle to the wall opposite the terminal lugs. In a
Ckout is\provided in the wall opposite the terminal lugs, however, a barrier preventing the use ¢
IL.not'be less than the minimum wire bending space specified in Table 18.3.

ntended to pass

le between a wire connector or an.adjacent barrier and the opposite wall or barrier that conductors afe not intended to

um wire bending

wall opposite the
nduit opening or

fldition, a conduit
f the opening is

4 When a barrie
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D, and D, above) is to be measured from the end of the barrier.

¢ A conduit opening or knockout is provided in a wiring gutter. The width of the gutter, D3, shall not be less than the minimum wire
bending space specified in Table 18.3.

le (see notes for
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18.3 Wiring space for low voltage conductors
18.3.1 The wiring space, independent of all projections, obstructions, or interference from moving parts

of a switching

a) Not

mechanism shall:

be smaller in width or in depth than the values indicated in Table 18.1; and

b) Accommodate the wiring of the device, and shall not be smaller in total area than 250 percent of
the total cross-sectional area of the maximum number of wires that may be used in such space.

18.3.2

In determining wiring space requirements, consideration is to be given to the actual size of wires

that will be used in that space. In computing the area of a wiring space, consideration is to be given to all

the available
multiple wire

well as the afea above such a compartment is not included when wiring space is determine

above or arol

Exception: TH
that are smal

18.3.3 For
switchboard,
other racewa

a) Be
b) Be

NOTE: This requ

18.3.4 Abu
or (b) will exis

a) The section is intended\for a specific installation where the conduit or raceway |

specif

b) Inf
catalo

18.3.5 Ano
wires with wh

space that may be used for the placement of wires. Minimum areas of the-m
connections are specified in Table 18.1. The area occupied by a terminal (Gom

nd an individual terminal or neutral located in a gutter is considered to(be availa

is Standard does not apply to enclosures of equipment intended to-be wired wif
er than 14 AWG.

hpplications where generator field wiring comes up #through the floor into a
pr switchgear enclosure, the minimum wiring space deétween the bottom of wheg
may enter and between insulated or uninsulated bus bars shall:

P03 mm (8 inches) for insulated bus bars, their‘supports, or other obstructions; a
P54 mm (10 inches) for uninsulated bus bars.

rement is related to 408.5 of the National Eléctrical Code, NFPA 70.

5 bar or other obstruction may-be located lower than specified if the clearances|
t in the area directly aboye.the conduit or raceway entry point if:

ed; or

prmation about.ihtended conduit or raceway location is contained in the m
y (including. the catalog number or other designation that also appears on the sw

berating mechanism and its relation to the wiring space shall be such that it wil
ch'it'may come in contact during its operation.

ore common
partment, as
d; but space
ble space.

h conductors

panelboard,
re conduit or

nd

of 18.3.3 (a)

bcation is so

anufacturer’s
itchboard).

not damage

18.3.6 Wiring space and other compartments intended to enclose wire shall be smooth and free from
any sharp edge, burr, fin, or the like, that might damage the conductor insulation.

18.3.7 No uninsulated live part shall be located within a wiring space for field-installed conductors.
Exception: Field installed conductors of different circuits may be separated in accordance with 32.3.2.

18.3.8 To determine if the equipment complies with the requirement in 18.3.7, consideration is to be
given to the probable ways in which it may be wired, considering the number, size, and relative location of
knockouts and terminals.
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18.3.9 A neutral bus or terminal strip with its line connections is a live part. It is considered as being in
the wiring compartment unless covered or located so that circuit wires other than those connected to it will
not be brought into contact with it.

18.3.10 An individual terminal is not considered as being in a wiring compartment if it is countersunk
between closely fitting walls to such a depth that, when wired with a conductor of the size corresponding to
the rating of the terminal, the top of the terminal will not be in contact with a straight edge placed across
the walls. In general, more than one terminal in the same recess may not be used unless additional

protection is

provided.

18.4 Wire bending space for medium voltage conductors

18.4.1 Wirg
bent to a rad

a) 8 ti

b) 12

18.4.2 With
conductors.

For equipme
installation in

18.4.3 Whs
maximum sij
provided by

bending space shall be such that, during installation, field-installed conductor,
us less than:

mes the overall diameter for non-shielded conductors; or

times the overall diameter for shielded or lead-covered conductors.

respect to 18.4.1, equipment rated above 2.4 kV will always be installed u
Equipment rated 2.4 kV or less may be installed using’ shielded or non-shielde
nt rated 2.4 kV or less, if wire bending space is insufficient for the use of shielde
structions shall specifically require the use of non-shielded conductors only.

n determining wire bending space requirements, consideration shall be given tq
re of wire, the need to use stress cones‘for shielded conductors, and detaile
he manufacturer as described in 96.7.

5 need not be

sing shielded
d conductors.
d conductors,

the type and
d instructions

18.4.4 For [the purposes of determining the ‘required bending space, the conductor size shall be
determined ysing the worst case for type MV-90 cables from Tables 311.60(C)(73) through 311.60(C)(80),
unless the efjuipment is provided with-instructions limiting the type of cables (copper or aluminum only,
single conduftor, triplexed, or three conductor cable) and raceway location (in earth or air).

19 Output Circuit Grounding

19.1 Geneial

19.1.1 The|generator assembly shall be provided with a means for grounding the output circuits in
accordance with, the National Electrical Code, NFPA 70, Article 250, and the Canadian Elgctrical Code,
Part I, Section\10.

19.1.2 An output alternating current power circuit shall be grounded when:

a) The circuit has no electrical connection, including a solidly connected grounded circuit
conductor, to supply conductors originating in another wiring system;

b) The circuit is rated 50 — 600 V; and

c) The circuit is as described, and not limited to those in (1) — (3) [see Article 250.20(b) of the
National Electrical Code, NFPA 70, and the Canadian Electrical Code, Part |, Section 10, for other
circuits]:

1) A circuit that is grounded so the maximum voltage to ground on the ungrounded

conductors does not exceed 150 V. This requires that one conductor of
following circuits be grounded:

each of the


https://ulnorm.com/api/?name=UL 2200 2022.pdf

68

ANSI/CAN/UL/ULC 2200

SEPTEMBER 23, 2022

i) 120V, 2-wire;

ii) 240/120 V, single-phase, 3-wire;
i) 208/120 V, two-phase, 3-wire;
iv) 208/120 V, three-phase, 4-wire.

2) A circuit nominally rated 480 wye/277 V or 600 wye/347 V, 3-phase, 4-wire
neutral is used as the grounded circuit conductor.

3) A circuit-nominally rated 240/120 V, 3-phase, 4-wire in which the midpoint of
used as the grounded circuit conductor.

in which the

one phase is

19.1.3 With
a) Sin
b) Sin

c) Mu
condu

d) Mu
condu

In Canada, th
Identified Corf

19.1.4 Grou
19.1.5) conng

a) The

b) Th

4) For other units, an output alternating current power circuit complying w
prohibited from being grounded when the construction complies with\the
described in 19.1.3 and 19.1.6.

5) Output circuits over 1,000 V in the US shall comply with carticle 490 of
Electrical Code, NFPA 70. Output circuits over 750 V in Canada shall comply v
Part | Section 36.

reference to 19.1.2, the conductor to be grounded shallbe as follows:
hle-phase alternating current system, 2-wire — ong conductor.
jle-phase alternating current system, 3-wire =,the neutral conductor.

tiphase alternating current system having one wire common to all phases —
ctor.

tiphase alternating current system where one phase is used as in (b) above
Ctor.

e grounded conductor-on a single-phase alternating current system, 2-wire is |
ductor.

nding of the gircuits specified in 19.1.2 and 19.1.3 shall be made by a bonding
cted between‘the grounded conductor referenced in 19.1.3 and to:

enclosure of a metal-enclosed unit; or

th (a) is not
requirements

the National
vith CE Code

the common

- the neutral

nown as the

jumper (see

)
=

metal chassis that is bonded to the equipment grounding conductor or ferminal of a

nonmetallic enclosed unit.

Exception: The following provisions are to be provided in order for the circuit to be grounded in the field:

a) A field-wiring terminal intended for use with a conductor size specified in Column 4 of Table 19.1
and identified in accordance with 93.10, shall be connected to the circuit by a bonding jumper of a
size not less than specified in Column 4 of Table 19.1; and

b) A marking identifying the circuit as a separately derived source and referencing the instruction
manual.
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Table 19.1

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

Column 2

Column 3

Column 4

Minimum size of equipment
grounding or bonding conductor

Minimum size of grounding
electrode conductor

Minimum size of output circuit
bonding jumper

Column 1 AWG or kemil (mm?)® AWG or kecmil (mm?) AWG or kemil (mm?)®
Maximum Aluminum or Aluminum or Aluminum or
current rating?, copper-clad copper-clad copper-clad
Amperes Copper aluminum Copper aluminum Copper aluminum
20 12 (3.3) 10 (5.3) 8 (8.4) 6 (13.3) 8 (8.4) 6 (13.3)
60 10 (5.3) 8 (8.4) 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) 8 (8.4) 6 (13.3)
100 8 (8.4) 6 (13.3) 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) 6 (13.3) 4 (21.2)
200 6 (13.3) 4 (21.2) 4 (21.2) 2 (33.6) 4 (21.2) 2 (33.6)
300 4 (21.2) 2 (33.6) 2 (33.6) 1/0 (53.5) 2 (33.6) 1/0 (53.5)
400 3 (26.7) 1 (42.4) 1/0° (53.5) 3/0° (85.0) 1/0° (563.5) | |3/0° (85.0)
500 2 (33.6)| 1/0 (53.5) 2/0 (67.4) 4/0  (107:2) 1/0 (53.5) 3/0 (85.0)
600 1 (424) | 2/0 (67.4) 2/0 (67.4) 4/0~.4(107.2) 2/0 (67.4) 4/0  (107.2)
800 1/0 (53.5) | 3/0 (85.0) 3/0 (85.0) 250 (127) 2/0 (67.4) 4/0  (107.2)
1000 2/0 (67.4) | 4/0 (107.2)| 3/0 (85.0) 250 (127) 3/0 (85.0) 250 (127)
1200 3/0 (85.0) | 250 (127) 3/0 (8520) 250 (127) 2509 (127) 250 (127)
1600 4/0 (10)7.2 350 (127) 3/0 (85.0) 250 (127) 300¢ (152) ||400¢  (203)
2000 250 (127) | 400 (203) 3/0 (85.0) 250 (127) 4004 (203) ||500¢  (253)
2500 350 (177) | 600 (304) 3/0 (85.0) 250 (127) 5009 (253) ||700¢  (355)
3000 400 (203) | 600 (304) 3/0 (85.0) 250 (127) 600° (304) |[|750%  (380)
4000 500 (253) | 800 (405) 3/0 (85.0) 250 (127) 700¢ (355) | [1000¢  (508)
5000 700 (355) | 1200+ (608) 3/0 (85.0) 250 (127) 900 (456) |[1250  (635)
6000 800 (405) (| 1200  (608) 3/0 (85.0) 250 (127) 1200 (608) |[1500  (759)
NOTE — See Tgble 19.2 for equivalent area of bus.
& Maximum ampere rating of-the~output circuit overcurrent protective device described in 33.3.1 — 33.3.3.
® The equipmenfit groundifg\conductor is not prohibited from being the same size as the current-carrying conductors{
¢ When the wirg termifiaFeonnectors for the input or output circuit conductors, as applicable, are rated for two 3/0 AWG copper or
two No. 250 kcil aluminum conductors and do not accept a No. 600 kcmil conductor, these values are not prohibit¢d from being
reduced to 2 A\VG.copper or 1/0 AWG aluminum.

4 The cross-section is not prohibited from being reduced to 12.5 percent of the total cross section of the largest input or output
circuit conductor, as applicable, of the same material (copper or aluminum) for any phase on units rated 1200 amperes and above.

This applies when the cross section of the circuit conductors is limited by the wire terminal connectors provided.

¢ The bonding jumper for a stationary unit is not prohibited from being the same size as the current-carrying conductors of the

output circuit.
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Table 19.2
Equivalent cross-sectional areas of conductors

Wire size Minimum cross section

mm? (AWG or kcmil) mm? (In?)
2.1 (14) 2.08 (0.003)
3.3 (12) 3.31 (0.005)
5.3 (10) 5.26 (0.008)
8.4 (8) 8.39 (0.013)
13.3 (6) 13.55 (0.021)
212 {45 2429 6-633)
26|7 (3) 26.45 (0.0¢1)
336 (2) 33.55 (0.0p2)
424 (1) 42.58 (0.0p6)
5315 (1/0) 53.55 (0.0B3)
6714 (2/0) 67.74 (0.1p5)
8b (3/0) 85.16 (0.1B2)
147 (4/0) 107.10 (0.1p6)
197 (250) 126.45 (0.1p6)
192 (300) 152.26 (0.2836)
117 (350) 177.42 (0.275)
203 (400) 202.58 (0.3114)
243 (500) 253.55 (0.3P3)
304 (600) 304.0 (0.4f71)
345 (700) 354.84 (0.5p0)
390 (750) 380.00 (0.589)
445 (800) 405.16 (0.6p8)
507 (1000) 506.45 (0.7B5)
608 (1200) 607.73 (0.742)
643 (1250) 632.90 (0.981)
740 (1500) 760.00 (1.178)
847 (1750) 887.00 (1.3774)
10f10 (2000) 1013.00 (3.1p0)

19.1.5 The size of the bonding jumper specified in 19.1.4 shall be, based on the current rating of the
circuit, not less than the value specified in Column 4 of Table 19.1.

19.1.6 A fixed unit shall be provided with a terminal that complies with 17.1.9 — 17.1.18 for connection of
the grounding electrode conductor to the metal enclosure or equipment grounding conductor described in
19.1.4 (a) and (b). The terminal shall be:

a) Capable of securing a conductor size, based on the maximum current rating of the circuit, as
specified in Column 3 of Table 19.1; and

b) Marked as described in 93.11.

19.1.7 For an alternating current output circuit of a unit having a polarized AC convenience receptacle,
lead, or terminal identified as a grounded circuit (see 93.10) that is not grounded at the unit itself because


https://ulnorm.com/api/?name=UL 2200 2022.pdf

SEPTEMBER 23, 2022 ANSI/CAN/UL/ULC 2200 71

of an electrical connection to supply conductors originating in another wiring system — see 19.1.2(a), a
potential involving a risk of electric shock shall not exist between ground and the grounded circuit contact,
terminal, or lead. Compliance with this requirement is to be determined by the test specified in 65.1.

Exception: The test described in 65.1 is not required when the ac input neutral and ac output neutral
conductors are solidly connected together, that is, no electronic components connected between the
neutral conductors.

19.1.8 Neutral grounding devices shall comply with IEEE C57.32 and CSA C22.2 No. 295.

19.2 Ground fault protection

19.2.1 Allo
ground to c(
current invol

utput circuits for supplying 120 V, 60 Hz, 2-wire with ground and 120/240 V, 60|H
nvenience outlets shall be protected by ground fault circuit interruptefs\des
ed.

z, 3-wire with
igned for the

19.2.2 Whgn installed on the generator, the ground fault circuit interrupter shall’have a curtent rating not
less than 115 percent of the circuit rating and shall be installed in aecordance with ifs installation
instructions.

Exception: Dedicated purpose generator component outlets shall eofaply with the following:

a) Th

b) Th
circui

Cc)AS

d) De

19.2.3 Groyind fault protection for circuits operating at 120/240 V shall comply with CSA C2

/UL 943.

19.2.4 Grolind fault protection/for circuits other than addressed in 19.2.1 shall comply wit

No. 144 / UL

20 Equipment Grounding

20.1 There

b dedicated purpose generator receptacle shall be grounded;

e dedicated generator outlets shall be provided with protection rated for the m
for the outlet and for the specific dedicated load(s) connected to them;

ingle outlet may be provided per dedjeated purpose generator component; and

ticated purpose generator outlets’shall be marked in accordance with 94.15.

943C.

shall’be provisions for grounding all dead metal parts of a unit that are expos

arked branch

2.2 No. 1441

h CSA C22.2

bd or that are

capable of b
becoming en

Ny contacted by a person during intended operation or adjustment and that
ergized as a result of electrical malfunction.

re capable of

20.2 The provisions for equipment grounding specified in 20.1 shall be provided for each wiring system
to be connected to the alternating current output circuit.

Exception: Accessible signal circuits described in Accessible Signal Circuits, Section 30, are not required
to have provisions for equipment grounding.

20.3 To determine whether a part is capable of becoming energized, factors such as construction, the
proximity of wiring, and the results of a dielectric voltage-withstand test (conducted after the applicable
overload, endurance, and abnormal tests) are to be evaluated.
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20.4 For low voltage equipment, the grounding means shall consist of an equipment-grounding terminal
or lead. For medium voltage equipment, the grounding means shall consist of a grounding terminal or a
ground bus having a hole pattern meeting the requirements of NEMA CC1.

20.5 An equipment-grounding terminal or lead-grounding point shall be connected to the frame or
enclosure by a positive means, such as by a bolted or screwed connection. To reduce the risk of being
inadvertently disconnected, the removal or opening of covers shall not require the ground lead to be
disconnected. The bolt head of a grounding stud shall not be accessible from the outside of the unit.

20.6 An equipment-grounding connection shall penetrate a non-conductive coating, such as paint or

vitreous enamel.

20.7 Anequ
removed duri

20.8 A free

ipment-grounding point shall be located so that the risk the grounding means’is
ng servicing is reduced.

end of an equipment-grounding lead shall be insulated (for example,‘the end is

back and tapgd to the lead) unless the lead is located so that it does not contact live parts in {

the lead is no

used in the field.

20.9 An equipment-grounding lead for low voltage equipment shall be*a size specified in

Table 19.1. 1
insulation sh
compartment

Exception: Tt
voltage leads

a) Lo
requir

b) Ma

consists of a
and cross seq

bll be green with or without one or more yellow"stripes. No other lead in
or visible to the installer shall be so identified.

e color coding requirement does not apply.to low-voltage Class 2 circuits prov
are:

cated remote from the line-voltagé"connections and the segregation comp
bments in Section 32, Separation-of Circuits; or
ked in accordance with 93: 17,

20.10 An equipment-grounding conductor shall not be spliced. If the equipment groundi
ground bus, the bus:may be provided with a bus splice, if the splice is of the s
tional area as the-ground bus.
quipment:grounding connection, equipment-grounding conductor, enclog

20.11 An
component
during an ele

ctricalNmalfunction. See 26.1.

inadvertently

to be folded
he event that

Column 2 of

[he lead shall have a free length of at least 152 mimi (6 inches) and the suirface of the

n field-wiring

ided the low-

ies with the

ng conductor
hme material

ure, frame,

ounting_panel, or any other part connected to earth ground shall not carry clirrent except

Exception: A

line bypass capacitive impedance circuit for a radio frequency signal circuit or a transient
voltage surge suppressor is not required to comply.

20.12 A grounded circuit conductor shall not be connected to any equipment-grounding or bonding
circuit in a unit.

Exception: The output circuit of a unit as described in 19.1.1 and 19.1.2 is not prohibited from being
connected to an equipment-grounding or bonding circuit.

20.13 A soldering lug, a connection means that depends on solder, a screwless (push-in) connector, a
quick-connect, or other friction-fit connector shall not be used for equipment-grounding.
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20.14 The equipment-grounding terminal shall be capable of securing a conductor of a size intended for
the application in accordance with Column 2 of Table 19.1 and shall be constructed in accordance with the
requirements specified in 17.1.9 - 17.1.17.

20.15 A wire-binding screw employed for the connection of a field-installed equipment grounding
conductor shall have a green colored head that is either hexagonal, slotted, or both. A pressure wire
connector intended for connection of such a conductor shall be marked as described in 93.8.

20.16 When two or more units are interconnected electrically and one of them is grounded, they shall be
bonded together, such as by means of a conductor included in an interconnecting cable or by a conductive
mechanical means, including the use of starwashers or the equivalent (see 21.6 — 21.10).

—_

20.17 An equipment-grounding bus bar shall be sized per specified in Column 2 of Tablef19.1.
21 Bonding of Internal Parts

21.1 On a generator having provisions for grounding (see 20.1), all exposed dead metal parts that are
capable of becoming energized through electrical fault that involves a risk of electric shock or electrical
energy — high current levels, shall be conductively connected to the equipment grounding means.

21.2 All unjnsulated metal parts of the enclosure, motor framesiand mounting bracket$, component
mounting brackets, capacitors, and other electrical components“that involve a risk of elegtric shock or
electrical engrgy — high current levels shall be bonded for\grounding when they are cappble of being
contacted by|the user or inadvertently contacted by service'personnel.

Exception: Almetal part as described in (a) — (g) is not required to be bonded for grounding:

a) An|adhesive-attached metal foil marking, a screw, a handle, or similar device, thal is located on
the outside of an enclosure or cabifiet and isolated from electrical components|or wiring by
grourided metal parts so that they do_not become energized;

b) An| isolated metal part, suchjas a magnet frame and an armature, a small assembly screw, or
simildr part, that is positively separated from wiring and uninsulated live parts;

¢) A panel or cover that.does not enclose uninsulated live parts when wiring is positiviely separated
from the panel or cover so that it does not become energized;

d) A panel orseover that is insulated from electrical components and wiring by an insylating barrier
of vulcanized.fiber, varnished cloth, phenolic composition, or similar material not lesg than 0.8 mm
(1/32|inch) thick and secured in place;

e) An isolated metal part that is mounted on a printed-wiring board — such as transformer and
choke cores and heat sinks;

f) An isolated metal part that is marked in accordance with 94.10; and

g) A capacitor sleeved with insulating tubing complying with 25.2.2.

21.3 An internal metal-to-metal connection for bonding internal parts to an enclosure for grounding, and
not for a field-installed grounding conductor or for the grounding wire in a supply cord, is not prohibited
from employing a quick-connect terminal when:

a) The connector is not displaced;

b) The terminal has the dimensions specified in Table 21.1; and
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c) The component is limited to use on a circuit having a branch-circuit protective device rated 20
amperes or less.

Table 21.1
Quick-connect terminals for bonding internal parts

Nominal size of terminal, mm (inches)

Width Length Thickness
4.7 (0.187) 6.4 (1/4) 0.5 (0.020)
4.7 (0.187) 6.4 (1/4) 0.8 (0.032)
5.2 {0.205) 54 174y U8 (0.032)
6.4 (0.250) 8.0 (5/16) 0.8 (0.032)
21.4 Where|the continuity of the grounding system relies on the dimensional_integrity of § nonmetallic
material, the naterial meets the intent for the purpose when investigated for creep in accordance with UL

T46A. See alg
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21.7 With 1|
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!

021.8.

rate component bonding conductor shall be of copper{a copper alloy, or o
se as an electrical conductor. Ferrous metal parts inthe grounding path shall
5ion by painting, galvanizing, plating, or equivalentmeans. A separate bonding

brotected from mechanical damage or be located within the outer enclosure or fr

be secured by a removable fastener used for any purpose other than bonding fi
the bonding conductor remains afteri‘emoval and replacement of the fastener;

be spliced.

ering, or brazing with. materials having a softening or melting point greater
bonding connectienshall penetrate nonconductive coatings, such as pain
provide metal-to-metal contact. Bonding around a resilient mount shall not dsg
bn of rubber or similar material, other than as indicated in 21.8.

bference~to 21.6 where penetration of a nonconductive coating is not dg
A Graunding Impedance Test, Section 73, shall be conducted.
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prohibited when it complies with the requirements in the Bonding Conductor Test, Section 79, for bonding
conductors under any normal degree of compression exerted by a variable clamping device and when the
results are unchanged after exposure to the effects of oil, grease, moisture, and thermal degradation that
occur in service. Also, the effect of assembling and disassembling, for maintenance purposes, such a
clamping device is to be taken into account with particular emphasis on it being reassembled in its
intended position.

21.9 Asepa
a) Not

b) Not

rate component-bonding conductor shall:

be smaller than the size specified in Column 2 of Table 19.1 (see 21.10);

be smaller than the conductor supplying the component; or

c) Comply with the applicable marking requirements.
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2110 With reference to Column 2 of Table 19.1, where more than one size branch-circuit overcurrent
device is involved, the size of the bonding conductor is to be based on the rating of the overcurrent device
intended to provide ground-fault protection for the component bonded by the conductor.

22 Internal
221 Wires

22.1.1

Wiring

The internal wiring of a generator shall be rated for the particular application with respect to the

temperature and voltage, exposure to oil or grease, and other conditions of service to which the wiring is
subjected including but not limited to the effects of vibration, impact, and exposure.

22.1.2 Wiri
be of a stran

22.1.3 Al
fluorinated e
test requirern
equivalent.
Exception: Tl
22.1.4 Wirg
22.1.5 Wirg
22.2 Prote

22.21
Users — Accq

Exception: In
so that itis n

22.2.2 Wirg
reduce the ri

capable of damaging the conductor insulation. Wireways shall comply with the requirements

No. 26 /UL 8

Intefnal wiring shall not be accessible when judged in accordance with Section 8,

ng exposed to flexing from vibration or other normal generator functions or main
led type.

ow voltage wiring shall be polyvinyl chloride (PVC), polytetraflioroethy
hylene propylene (FEP), or neoprene insulated, or shall comply with the vertig
nents in CSA C22.2 No. 75 / UL 83. Medium voltage wiring, shall be type

he requirements in 22.1.1 — 22.1.3 do not apply to wiring.for Class 2 circuits.
and cables exposed to water shall be rated for water exposure.
and cables exposed to UV shall be ratedforUV exposure.

ction of wiring

ssibility of Uninsulated Live Parts and Moving Parts — and User Servicing.

ternal wiring is capable of being accessed when it is located and secured within
Dt subjected to streSs‘or mechanical damage.

s within an_enclosure, compartment, wireway, or similar part shall be located ¢
sk of unintentional contact with any sharp edge, burr, fin, moving part, or simil

70.

tenance shall

ene (PTFE),
al wire flame
MV cable or

Protection of

the enclosure

r protected to
ar part that is
n CSA C22.2

22.2.3

Internal wiring shall be so routed and secured that neither it nor related electrical connections are

subjected to stress or mechanical damage in such a manner that a broken termination does not present a
risk of fire or electric shock by contacting parts of different circuits or other parts that may introduce a risk
of fire or electric shock to the user.

22.2.4 A hole in a sheet-metal wall through which insulated wires pass and on which they bear shall be
provided with a smoothly rounded bushing or shall have smooth, rounded surfaces upon which the wires
bear, to avoid abrasion of insulation.

22.2.5 A bushing used on other than smooth, rounded surfaces of a hole through which wires pass shall
be of material that has mechanical and heat-resistant properties intended for the application — such as
porcelain, phenolic fiber at least 1.2 mm (3/64 inch) thick, a material complying with the requirements in
CSA C22.2 No. 0.17 / UL 746C or smooth, rounded metal. A soft-rubber bushing or similar device is not to
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be used for other than low-voltage wiring (see 17.3.2) unless the material has been evaluated and found to
comply for the purpose.

22.2.6 Metal clamps and guides used for routing stationary internal wiring shall be provided with smooth

well-rounded

22.2.7 Auxil

edges.

iary mechanical protection that is not electrically conductive shall be provided:

a) Under a metal clamp at which pressure is exerted on a conductor having thermoplastic
insulation less than 0.76 mm (0.030 inch) thick and no overall braid; and

Exception: Auxiliary mechanical protection is not required for conductors having cross-linked

synthe
b) On

22.2.8 Cond
wall or partitid

23 Current
23.1

23.1.1 Acu
other materia

Exception Ng
(such as for g
semiconductq

Exception N
current-carryi
governor, mo

23.1.2 Anu
the base or m
reduction of §

General

tic insulation.

pny wire or wires that are subject to motion.

uctors greater than 10 AWG (5.26 mm?) of an alternating-current eircuit that pz
n of metal having magnetic properties shall comply with 33.4.

Carrying Parts

rent-carrying part shall be of silver, copper, a copper-base alloy, stainless steel,
s intended for the application.

. 1. Plated steel may be used for secondary-circuit parts and for some primary
apacitor terminals where a glass-to:métal seal is required and for leads or threa
r devices).

. 2: Blued steel or steel.with equivalent corrosion resistance may only be
ng arms of mechanically yor magnetically operated leaf switches, within a n
or terminals included, or where the temperature is in excess of 100°C (212°F).

hinsulated live (part'and a component that has uninsulated live parts shall be s
ounting surface that they do not turn or shift in position where such displaceme
pacings below the minimum required values in Spacings, Section 25.

23.2 Bus bTrs

ss through a

aluminum, or

-circuit parts
nded studs of

used for the
hotor and its

o secured to
ht results in a

23.2.1

Exception No

Each bus bar shall be plated at each current carrying joint with tin, silver, or nickel.

. 1: A welded or brazed joint is not required to be plated.

Exception No. 2: A low voltage copper bus bar is not required to be plated when the current at the joint is
600 amperes or less.

Exception No. 3: Other coatings are not prohibited from being used for low voltage aluminum bus bars
when they are investigated for the application in accordance with the requirements for current-carrying
parts described in Bus Bar Tests, Section 84.

Exception No. 4: A low voltage bus bar provided with an oxide inhibiting compound over the joint surfaces
is not required to be plated. See 23.7.1.
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23.2.2 The bending of a bus bar shall not result in visible cracks, but roughening or slight surface crazing
is acceptable.

23.2.3 The phase arrangement of bus bars in a 3-phase generator, but not including the connections to
meter sockets, shall be A, B, C from front to back, top to bottom, or left to right as viewed from outside of
the generator field wiring compartment.

23.2.4 Other bus bar arrangements are permitted for a generator or for connection to meter sockets,
transformers, or current transformers if the arrangement of the bus bars is indicated by a marking.

23.2.5 The phase arrangement ina 240V, 3- phase 3- W|re generator employmg two phase buses and a

neutral and i

23.2.6 Spri

ng-loaded connections to low voltage bus bars, such as at plug-in circuit
switches, shall be investigated in accordance with the applicable requirements in CSA’C22.
67.

23.3 Riveted construction (not for medium voltage equipment)

23.3.1 Eac
and either a

23.3.2 Wag
temperature

23.3.3 Was

Exception: (

0 riveted connection involving current carrying parts shall’have a spring wash
Epring washer or a flat washer at the other end.

hers may be omitted in a construction that:has been tested in accorda
fest.

hers may be omitted in a connection rated 225 A or less having copper bus bars

Dther constructions employing a ‘rivet are not prohibited when they are in

accordance With the applicable requirements\in Bus Bar Tests, Section 84.

23.34 Asp

23.3.5 A s
bus in the joi

23.3.6 Afls
percent of th

a)Th

ring washer shall be used at one end of a bolt securing current carrying parts tog

nt has a tensileyield strength of at least 138 MPa (20,000 pounds per square ind

t washerg{a-split-ring lock washer, or a bolt head that has an outer diameter o
b bolt shaft may be used in place of a spring washer if:

b joint’does not include any aluminum;

he B phase.

breakers and

2 No. 29/ UL

er at one end

hce with the

only.

vestigated in

ether.

ring washer may, bg:replaced with a split-ring lock washer and flat washer if each aluminum

h).

f at least 150

b) Aluminum bolts are used with aluminum bus bars; or

c) The only aluminum in the joint is the tang of a pressure terminal connector.

Exception: Other constructions comply when they are investigated in accordance with the applicable
requirements in Bus Bar Tests, Section 84.

23.3.7 A type of fastening means specified in the installation instructions supplied with a pressure
terminal connector may be used with such a connector.

23.3.8 A spring washer is not required at a bolted contact of an aluminum alloy conductor (bus) used in a
grounding circuit within the switchboard.
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23.3.9 A bolted connection between two bus bars or between a bus bar and another current carrying part
shall not depend on polymeric insulation to maintain the clamping force and shall not depend on
thermoplastic material in any case.

23.3.10 A bolted joint in a bus bar shall be accessible for tightening without removing insulating tape.
Use of bus boots that are secured by nonmetallic, reusable hardware is acceptable for bus bar joint
insulation.

23.3.11 Bolts, nuts, and washers as specified in 23.3.4 shall be provided for connecting through bus to
other sections. The length of the bolts shall be such that the electrical spacings are maintained.

23.4 Washers

23.41 The
of the rivet sh|
not less than

the diameter
nk or bolt but

lat washer specified in 23.3.1 and 23.3.5 shall have a thickness of at least,1/6
Ank or bolt and shall have an outer diameter at least 150 percent of the.rivet sha
he outer diameter of the spring washer.

or hardened
. a thickness
er.

23.4.2 A spfing washer as mentioned in 23.3.1 and 23.3.5 is a dished washer of stainless
and tempered steel having an outer diameter not less than 150 percent ofthe bolt diameter
not less than [1/8 of the bolt diameter, and dished not less than 3-1/2 percent of the bolt diame

23.5 Ampagity

23.5.1 Bus

low voltage a

23.5.2 Othe
current densi
Table 23.2.

23.5.3 The éampacity of a clamped joint\may be higher as covered in 23.5.17.

23.54 Abu
voltage powe
incorporating
rating.

23.5.5 Beyd

bar ampacity shall be determined by compliance*with the Temperature Test of Sq

I than as covered in 23.5.4, the ampacity or size of a bus bar is considered s
y is not more than that specified in Table 23.1 or the size is not less than tha

5 bar shall be sizedin*accordance with Table 23.1 and Table 23.2 if it is conne|
r switching devjee,-fused power circuit device, molded case circuit breaker, or tr
Class L fuses, ‘ahy of which is rated over 2,500 A for continuous use at 100

nd asminimum distance of 1.2 m (4 feet) along the current path from the 100 j

ssemblies, bus bar ampacity may be determifed as specified in 23.5.2 — 23.5.10

ction 58. For

ll:fﬁCient if the

specified in

cted to a low
ansfer switch
pbercent of its

bercent rated

device, the bus barmay be reduced in size, in accordance with the limitations specified in Tabje 23.2.

23.5.6 A single bus bar intended to carry 800 A or less may be sized in accordance with Table 23.2 if
plated and bolted joints are used.

23.5.7 The cross section of a bus as covered in Table 23.1 and Table 23.2 may be reduced by not more
than 5 percent due to rounding, shaping, or dimensional tolerances.

23.5.8 Part of the bus material may be removed for slots or holes (whether used or not) if the remaining
material at any cross section along the length of the bus bar has at least 70 percent of the required
ampacity and the remaining metal in any 152 mm (6 inches) length of bus is at least 93 percent of the
metal of a bus having the required ampacity in accordance with 23.5.7, Table 23.1, and Table 23.2. For
example, a 25.4 mm (1 inch) wide bus could have 7.1 mm (9/32 inch) holes on 25.4 mm (1 inch) centers or
a 102 mm (4 inch) wide bus could have 10.3 mm (13/32 inch) wide slots 81.3 mm (3.2 inch) long every 152
mm (6 inches).
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23.5.9 Bus bars with a larger amount of material removed may be used if the construction is acceptable
under the Temperature Test conditions specified in Section 58.

23.5.10 The limitations on current density mentioned in Table 23.1 or Table 23.2 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 switchboard; or

b) A portion of a strap, bus, jumper, or the like, adjacent and connected to a terminal of a switch,
circuit breaker or fuseholder [but not more than 25.4 mm (1 inch) 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.

23.5.11
largest fuse
exceed the

AV

23.5.12 Ay
less than the

23513 A\
units shall h
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23.5.14 Th
overcurrent
number of br
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used to protg

23.5.16 Th

23.5.17 Fo
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Table 23.2:

a) Th

aximum ampacity of the bus bar.

ire or bus bar leading to a non-interchangeable trip circuit breaker|shall have an
current rating of the breaker.

vire or bus bar leading to a circuit breaker frame designed for use with interch
ave an ampacity not less than the maximum curreftyrating of the frame unle
vith the current rating of the breaker.
b ampacity of a branch, section, or supply *bus bar or wire supplying m
brotective device shall not be less than:the percentage of the sum of the r:
anch circuit overcurrent protective devices provided. The overcurrent protective
blculations shall correspond with the branch bus ampacity rating.

b section or supply bus ampacity-heed be not greater than the rating of the overg
ct the bus as a main or sub-main.

b section or supply bus'ampacity may be as noted in 23.5.15.

the following comstructions in low voltage generators, the contact area may re
ater than thetmaximum of 31 A per cm? (200 A per in?) specified in 23.5.2, T4

ire or bus bar leading to a fuseholder shall have an ampacity not less than thl rating of the
nLhe fuseholder will accommodate unless marked to reference the maximum’fus

e rating to not

ampacity not

angeable trip
ss marked in

bre than one
ptings for the
device rating

urrent device

sult in current
ble 23.1, and

b contact area between a plated bus bar and circuit breaker or switch shall no

the a

ea'on’'the pressure wire connector that is supplied with a breaker of appropriate
less tLan—kh&eerﬁ*t—area—avaleble—Feﬁbaekeenﬁeehen—' tOR:

be less than
rating, or not

b) If the full available contact area between a bus bar and pressure terminal connector is not used,
the contact area shall not be less than the area that would result when two of the same type
connectors are bolted together back-to-back with wires leaving in opposite directions or at right
angles, whichever results in the smallest area.

Exception: A bus bar contained in a unit having forced air ventilation that does not result in maximum bus
bar temperatures exceeding the values specified in Table 58.2 is not prohibited from having a current
density exceeding that of Table 23.1 and Table 23.2.

23.5.18 In determining the area of contact surfaces of bolted or riveted connections in low voltage
generators, no subtraction shall be made for diameters of holes containing bolt or rivets, and no additions
shall be made for the diameters and areas of screws, bolts, washers, or rivets.
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23.6 Support and securement of live parts

23.6.1 A bus bar shall either be supported independently of any unit to which it is connected (switch,
circuit breaker, or the like) or shall be supported by units that are factory installed and that do not depend
on the bus bar for support.

23.6.2 A bus bar or uninsulated live part, other than a pressure wire connector as mentioned in 76.1,
shall be secured so that ordinary vibration will not loosen the securing means and shall be prevented from
turning or shifting in position if any spacings less than those specified in Section 25, Spacings, would
result from such turning or shifting. A bus bar provided with one or more insulators that must be removed
when a branch circuit unit is installed shall be prevented from any turning that would result in spacings less

than those sj

ecified in Section 25 with all insulators in place, or that would result in spacings

less than 3.2

mm (1/8 inch
insulators om

23.6.3 Fricti
uninsulated |

noncircular shoulders or mortises; by a dowel pin, lug, or offset; by a connecting strap or clip

adjacent par
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the screws or
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Exception: A
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for a voltage up to 250 V, or 9.4 mm (0.37 inch) for a voltage between 251 to/6(
tted.

pn between surfaces may not be used as a means to prevent tutning or S
ve part. Turning or shifting may be prevented by the use of,two screws

; or by an equivalent method. No reliance is to be placed”on a single b

rcuit breaker, or switch unit for preventing turning of the branch bus feeding sug
reduce spacings to less than those specified in 23.6.26r Section 25, Spacings.

termining the adequacy of means to prevent turning or shifting, any screw o
other means and the resulting spacings checked.

nel, the replacement or removal of such unit shall not result in the likelihood of
r dropping of parts.

t, nut, or washer used to.secure a branch circuit unit is not considered likely

adily reached. A branch_bus is considered likely to fall if the bolts that secur
the branch bus are the ‘same as those used to secure the branch bus to the b

connection.rated 225 amperes or less employing copper bus bars only is ng
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t required to

Table 23.1

Current density in amperes per 6.45 cm? (square inch)

Contact area at clamped

Bus bar material® Current Bus bar cross section joints
Copper 0 — 600 amperes 1000° 200
Copper Over 600 1000° 200%¢

Aluminum® Any 750° 200¢%¢

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

b Minimum conductivity of 55 percent of International Annealed-Copper Standard.
¢ See also Table 23.2 for 800 ampere maximum single bus bars.

4See 23.1.1,23.5.11 — 23.5.13.

¢ Joints bolted and plated with silver, tin, nickel, or cadmium.
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Table 23.2
Rating and sizes of single bus bars — 800 amperes maximum for low voltage generator output
Copper bus Aluminum bus®
Cross
(o] t
ra:i::ri‘n Bus size?® Cross section Bus size?® section
amperes mm (Inches) mm?2 (in?) mm (inches) mm? | (in?)
(0.219
225 3.2by22.2 (0.125 by 0.875) 70.3 (0.109) 6.4 by 22.2 (0.250 by 0.875) | 141.3 )
(0.500
400 6.4 by 38.1 (0.250 by 1.500) 242.0 (0.375) 6.4 by 50.8 (0.250 by 2.000) | 322.6 )
(0.800
600 6.4 by 50.8 (0.250 by 2.000) | 322.6 | (0.500) | See Table 23.1 See Table 2311 || 518.1 )
(1.067
800 6.4 by 76.2 (0.250 by 3.000) | 483.9 | (0.750) | See Table 23.1 See Table23.1 || 688.4 | )
NOTE 1 — See P3.5.11 — 23.5.13. For multiple buses in parallel, refer to Table 23.1. The minimum contact'area at a flamped joint

exceeding the

shall provide ng

NOTE 2 - Boltdg
cadmium for ar

NOTE 3 — Theq

t less than 6.5 cm? (1 square inch) per 200 amperes.

d joints shall be plated with silver, tin, nickel, or cadmium. Bus bars shall also be plated with silver, ti
hpacities greater than 600 A.

e limitations do not apply to a bus bar having characteristics that do not result in maximum bus bar t
alues specified in Table 58.1 under the test conditions indicated in Ségtion 58, Temperature Test.

h, nickel, or

bmperatures

5 Minimum con

@ A bus bar hav
when it has eqy

ng other dimensions is not prohibited when it has not less than the.cross-sectional area specified in
ivalent rigidity.

Huctivity of 55 percent of International Annealed-Copper Standard.

the table and

23.7 Heat sinks

23.7.1
equivalent at

Exception N
compound o

Exception N
described in

A cdrrrent-carrying, aluminum heat sinki shall be plated, conductive anodized, irrg

surfaces contacting the solid state component.

p. 1:  This requirement-does not apply to a heat sink provided with an o
er the heat sink surfacestontacting the solid state component.

b. 2: This requirement does not apply to a heat sink subjected to the heat|
Section 82, Heat-Sink Temperature Cycling Test.

24 Electridal Connections

241 The rq
installed.

quirements described in 24.2 — 24.7 apply to connections of internal wiring th

diated or the

ide inhibiting

cycling tests

at are factory

24.2 A splice or connection shall be done with a splicing device rated for the electrical and environmental
application. It shall be mechanically secure and shall make electrical contact of not less than that of the
original conductor prior to the splice. The insulation on a splice shall be at least equal to the conductors

being joined.

24.3 A soldered connection is mechanically secure where the lead is one of the following or equivalent:

a) Wr.

apped one full turn around a terminal;

b) Bent at a right angle after being passed through an eyelet or opening, except on printed-wiring
boards where components are properly inserted or secured (as in a surface mounted component)
and wave- or lap-soldered; or


https://ulnorm.com/api/?name=UL 2200 2022.pdf

82 ANSI/CAN/UL/ULC 2200 SEPTEMBER 23, 2022

c) Twisted with other conductors.

24.4 When stranded internal wiring is connected to a wire-binding screw, the construction shall be such
that loose strands of wire do not contact other uninsulated conductive parts. This is accomplished by use
of pressure terminal connectors, soldering lugs, crimped eyelets, soldering of all strands together, or by
any other equivalent means. Wire binding screws shall not be used to secure medium voltage conductors.

245 A nominal 2.8 mm (0.110 inch), 3.2 mm (0.125 inch), 4.7 mm (0.187 inch), 5.2 mm (0.205 inch), or
6.4 mm (0.250 inch) wide quick-connect terminal shall comply with CSA C22.2 No. 153 / UL 310. Other
sizes of quick-connect terminals shall be investigated with respect to crimp pull-out, engagement-
disengagement forces of the connector and tab, and temperature rises. All tests shall be conducted in
accordance wji ' i ed to secure
medium voltage conductors.

24.6 An opgn-end spade lug does not comply unless an additional means, such as upturned ends on the
lug or bossed or shoulders on the terminal, is provided to hold the lug in place wher’the binding screw or
nut loosens. Ppen-end spade lugs shall not be used to secure medium voltage-conductors.

24.7 A splice shall be provided with insulation equivalent to that of the wires involved unlegs permanent
spacings are /maintained between the splice and other metal parts. Insulation of the splice shall be one of
the following pr equivalent:

a) A gplicing device such as a pressure wire connectoris not prohibited when insylated for the
voltage and temperature to which the device will be subjected;
b) Insdilating tubing or sleeving used to cover a splice shall be used in accordance with( 25.2.2; or

c) Twg layers of thermoplastic tape, or two-layers of friction tape, or one layer of friction tape and
one Igyer of rubber tape, when the voltage involved is less than 250 volts. Thermpplastic tape
wrappgd over a sharp edge does not comply.

Exception: Alsplicing device, insulating\ttbing, sleeving, or tape is not required for use on splices within
coil windings.

24.8 Electri¢al studs, terminals and connection shall be prevented from rotation.
25 Spacings

25.1 Generfl

25.1.1 The spacings fora generator ntended for use i a generat environment shattmotbe less than the
applicable values specified in Table 25.1. The spacing, for voltages rated up to 1000 V, between field-
wiring terminals of opposite polarity, and the spacing between a field-wiring terminal and any other
uninsulated metal part (electrically energized or not and not always of the same polarity) shall comply with
Section 18, Spacings, of UL 1004-1. The spacing, for voltages above 1000 V, between field-wiring
terminals of opposite polarity, and the spacing between a field-wiring terminal and any other uninsulated
metal part, including removal of metal enclosures shall comply with Section 6, Spacings, of UL 1004-9.

Exception No. 1: The spacing requirements of 25.1.1 shall not apply when the generator complies with
25.2.1 and where liners and barriers are used.

Exception No. 2: The spacing requirements of 25.1.1 shall not apply to the area between adjacent foils on
printed-wiring boards involving low voltage circuits only, and provided with a conformal coating complying
with the requirements in CSA C22.2 No. 0.17 /UL 746C. See 25.1.2.
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Exception No. 3: On printed-wiring boards involving low voltage circuits only, and having

a flammability

classification of V-0 in accordance with UL 94 and constructed from a base material having a minimum
Comparative Tracking Index (CTI) rating of 100 and 175 volts (as determined by CSA C22.2 No. 0.17 / UL

746C) for controlled and general environments respectively, spacings (other than spacin

gs to ground,

between primary and secondary circuits, between the battery supply circuit and other circuits, and at field
wiring terminals) are not specified between traces of different potential connected in the same circuit

when:

a) The spacings comply with the requirements in Evaluation of Reduced Spacings on Printed-

Wiring Boards, Section 78; or

b) An analysis of the circuit indicates that no more than 12.5 milliamperes of current
shorteirettt ; ;

Exception Np. 4: For multilayer printed-wiring boards involving only low voltage circuits,
spacing between adjacent internal foils of opposite polarity and between an internal foil
through hole|is 0.79 mm (1/32 inch). When these foils are in circuits describedin25.1.10

flow between

the minimum
bnd a plated-
br 25.1.11, no

spacing is specified.

Exception
component

Exception No. 6: Spacing requirements do not apply betweet/adjacent terminals of a po
semiconductpr device including the connection points of the terminals of the device.

Exception N
to validate p
Table 6.1, M

roduct construction spacings of the field wiring box if those spacings are less
himum Spacings for Voltages Above @,000 V, of UL 1004-9.

Exception N¢. 8: If cast insulation bus bars are’used to reduce spacings of the field wiring bg

those specifi
Test or altern

ed in Table 6.1, Minimum Spacings for Voltages Above 1,000 V, of UL 1004-9,

Table 25.1
Spacings

. 5: The spacing requirements in Table 25.1 do not.apply to inherent s
ch as a switch, lampholder, power switching semiconductor, or a motor. See 2§

. 7: For voltages above 34,000 V, conductite Dielectric Test or alternatively the

atively the Impulse Test @nd'Partial Discharge (Corona) Test shall be conducted

pacings of a

wer switching

Impulse Test
than those in

X to less than
the Dielectric

Minimum spacings, mm (inch)

Between an u
part and the v
enclosure inc|

Between an uninsulated live part and an uninsulated live

hinsulated live
yalls of a metal
uding a fitting

than the enclosure, or exposed metal part®

for conduit or armored

Potential involved cable®
Volts rms (Vpeak) Through air Over surface Shortest distance
0-50 1.6 (1/16)>¢ 1.6 (1/16)°¢ 1.6 (1/16)°
(0-70.7)
Greater than 50 to 150 3.2 (1/8)%¢ 6.4 (1/4) 6.4 (1/4)
(70.7 to 212.1)
Greater than 150 to 300 6.4 (1/4) 9.5 (3/8) 12.7 (1/2)
(212.1t0 424.2)
Greater than 300 to 600 9.5 (3/8) 12.7 (1/2) 12.7 (1/2)
(424.2t0 848.4)

Table 25.1 Continued on Next Page
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Table 25.1 Continued
Minimum spacings, mm (inch)
Between an uninsulated live
part and the walls of a metal
Between an uninsulated live part and an uninsulated live enclosure including a fitting
part of opposite polarity, uninsulated grounded part other for conduit or armored
Potential involved than the enclosure, or exposed metal part® cable®
Volts rms (Vpeak) Through air Over surface Shortest distance
Greater than 600 to 1000 14 (0.55) 19.1 (3/4) 19.1 (3/4)
(848.8to 1414)
Greater than 1000 to 1500 17.8 (0.7) 30.5 (1.2) 41.9 (1.65)
(1414 t¢ 2121)
Greater than 1500 to 2500° 25.4(1.0) 50.8 (2.0) 76.2(3.0)
Greater than 2500 to 7200° 50.8 (2.0) 88.9 (3.5) 101.6|(4.0)
Greater than 4200 to 15 kV® 101.6 (4.0) 124.3 (4.5) 127|(5)
Greater than 16 kV to 38 kV® 153 (6) 203 (8) 203((8)

@ For printed-wi
b A metal piece
reduces spacin
¢ The spacing b
dead metal part

4 At closed-in p
lessthan 1.2 m

¢ Because of th
requirements o

ing boards, see Exception Nos. 2 -4 t0 25.1.1.

attached to the enclosure shall be investigated as a part of the enclosure-where deformation of the g
hs between the metal piece and uninsulated live parts.

etween field-wiring terminals of opposite polarity and the spacing between a field-wiring terminal ang
shall not be less than 6.4 mm (1/4 inch).

bints only, such as a screw and washer construction of an insulated stud mounted in metal, the spaci
n (3/64 inch).

e effect of configuration, spacings in excess of thosenindicated may be required to meet the performg
this Standard.

nclosure

a grounded

hg shall not be

nce

NOTE 1: Wherg

NOTE 2: In a s¢
operating volta

NOTE 3: Linea

line voltage is connected to control circuits, the’line voltage spacings shall apply.

ries circuit, the spacings between resistor circuits, transformer taps, and the like shall be based on t
e existing between those parts.

interpolation for spacings values.is'permitted for voltages between specified table values.

he normal

25.1.2 With
between adja
with CSA C21
of spacings b
to dead meta

25.1.3 Whe
between surf]

reference to Exception‘No. 2 to 25.1.1 concerning conformal coatings, minim

um spacings

cent foils are based 'on voltage transient and dielectric voltage-withstand tests in accordance

.2 No. 0.17 / UL ;746C. A conformal coating on printed-wiring boards is not ins
btween a foil onra printed-wiring board and uninsulated live metal parts of oppos
parts.

e an uninsulated live part is not rigidly secured in position by means other

Ilation in lieu
ite polarity or

than friction

hees or where a movable dead metal part is in proximity to an uninsulated

ive part, the

construction shall be such that, for any position resulting from turning or other movement of the parts in
question, at least the minimum required spacings are maintained.

25.1.4 With reference to 25.1.3, a properly applied lock washer is a method of rigidly securing a part.

25.1.5

Inherent spacings of the components specified in Exception No. 5 of 25.1.1 shall comply with the

requirements for the component in question where the spacings are less than the values specified in this
Standard. Spacings from such components to another component and to the enclosure shall comply with
the applicable spacings specified in this Standard.

25.1.6 With respect to evaluating spacings, an uninsulated live part is considered to be at opposite
polarity to uninsulated live parts in another circuit. Spacings between circuits are to be based on the

highest of the

circuit voltages.
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25.1.7 Film-coated wire is considered to be an uninsulated live part when evaluating spacings.

25.1.8 Spacings at field-wiring terminals are to be measured with conductors installed in the terminals.
The size of these conductors is to be based on the rating of the circuit containing the terminals, see 17.1.8.

25.1.9 Spacings between uninsulated live parts of different potential and between such parts and dead
metal that are capable of being grounded in service are not specified for parts of LVLE circuits in
accordance with 4.47 nor in accessible signal circuits described in Accessible Signal Circuits, Section 30.

25.1.10 Spacings between uninsulated live parts of different potential and between such parts and dead
metal that are capable of being grounded in service are not specified for parts of limited-energy circuits in
accordance or 60 volts dc
are judged b

fith-4.43. Qngr\lnge in-these circuits nvr\nnrllnn 30 volts rms /A’) 4 \olts pnal{\

the Dielectric Voltage-Withstand Test, Sect|on 59.

25.1.11 Spacings within the following circuits that are not safety circuits are not specified:
a) Sgcondary circuits supplied by a transformer winding of less than' 200 volt-amperes or at a
potential of 60 volts or less; and
b) Battery circuits at a potential of 60 volts or less.
The spacingp in these circuits shall be evaluated on the basis.@f the Dielectric Voltage-Wjthstand Test,
Section 59.
25.1.12 The compliance of spacings between live and,dead metal parts connected to {he enclosure

within an ins
the Dielectrig

Exception: A
Subjected to
25.2 Insuld
2521 Ani
employed in
shall not be
energy/high

frument shall be determined by conducting the dielectric voltage-withstand tes
Voltage-Withstand Test, Section 59.

meter that complies with CSA C22.2 No. 61010-2-030 / UL 61010-2-030 is not
the Dielectric Voltage-Withstand“Test.

tion barriers

hsulating liner or barrier of material such as vulcanized fiber is not prohibitg
ow voltage applications in lieu of required spacings specified in Exception No. 1
he sole support of uninsulated live parts involving a risk of fire, electric shock
current. When so used, it shall be not less than 0.71 mm (0.028 inch) thick and

that it is not
indirect sup

ort.of\uninsulated live parts involving a risk of fire, electric shock, or electrica
current shall jcemply with CSA C22.2 No. 0.17 / UL 746C. Vulcanized fiber shall not be empl

dversely.affected by arcing. Other insulating materials used as a barrier or as €

described in

required to be

d from being
to 25.1.1 and
or electrical-
be so located
ither direct or
[-energy/high
pyed in lieu of

spacings in medium voltage equipment.

Exception No. 1: Vulcanized fiber not less than 0.33 mm (0.013 inch) thick is not prohibited in low voltage
applications when used:

a) In conjunction with an air spacing of not less than 50 percent of the minimum through air
spacing; and

b) Between a heat sink and a metal mounting surface, including the enclosure, of an isolated
secondary circuit rated 50 volts rms or less.

Exception No. 2: Mica not less than 0.165 mm (0.006 inch) is not prohibited from being used as insulation
between a heat sink and a live case of a low voltage semiconductor device.
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25.2.2 Other than as indicated in 25.2.3, insulating tubing complying with the requirements in CSA C22.2
No. 198.1 / UL 224 are not prohibited from being used in low voltage equipment as insulation of a:

a) Conductor including bus bars in lieu of the minimum spacings; and

b) Capacitor case in lieu of bonding the case for grounding, when the following conditio

ns are met:

1) The conductor is not subjected to compression, repeated flexure, or sharp bends;

2) The conductor or case covered with the tubing is well rounded and free from sharp

edges;

3) The tubing is used in accordance with the manufacturer's instructions; and

4) The conductor or case is not subjected to a temperature or voltage highef
which the tubing is rated.

25.2.3 Insul
over a bolted

ating tubing complying with CSA C22.2 No. 198.1 / UL 224 shallmot be used
joint of a bus bar as provided in 23.3.10.

25.2.4 A wrap of thermoplastic tape, complying with CSA C22.2 No. 197 7 UL 510 is not pr
being used in[low voltage equipment when all of the following conditions-are met:
a) Thg wrap is no less than 0.33 mm (0.013 inch) thick, is.applied in two or more layerd,
in conjunction with no less than one-half the required through air spacing;
b) The wrap is no less than 0.72 mm (0.028 inch) thick when used in conjunction w
one-half the required through air spacing;
c) lts| temperature rating is no less than the maximum temperature observeq
Temperature Test, Section 58;

d) The tape is not subject to compression;

e) Theg tape is not wrapped over-a sharp edge; and

f) The[tape is not wrapped over a bolted bus bar joint (see 23.3.10).
25.3 Alternpate spacings-for low voltage equipment — clearances and creepage distanc

25.3.1 Oth
for low voltage
investigated ih—atec : G S =
Section 9, Electrlc Shock Thls sectlon does not apply to clearance and creepage dlstance
voltage circuits.

er than-specified in 25.3.2 and 25.3.3, as an alternative approach to the spacing
equipment speC|f|ed in Spacmgs Sectlon 25, clearances and creepage dlsta

than that for

as insulation

bhibited from

and is used

ith less than

during the

es

requirements
nces may be
in 26.4. See
s in medium

25.3.2 The clearances between an uninsulated live part and the walls of a metal enclosure, including
fittings for conduit or armored cable, shall be as specified in Table 25.1. The clearances are to be

determined by physical measurement.

25.3.3 The clearances and creepage distances at field wiring terminals shall comply with Section 25,

Spacings.

25.3.4 In conducting investigations in accordance with C22.2 No. 0.2 / UL 840, t

requirements shall be used:

a) Spacings shall be based upon the pollution degrees defined in Table 25.2;

he following
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b) A generator that operates in parallel with or exports to the electric utility grid shall comply with
the requirements for Overvoltage Category IV. Other generator applications shall comply with the
requirements for Overvoltage Category lli;

c) Pollution degree 2 applies on a printed-wiring board between adjacent conductive material which
is covered by any coating which provides an uninterrupted covering over at least one side and the
complete distance up to the other side of conductive material;

d) All printed-wiring boards shall be identified as having a minimum Comparative Tracking Index

(CTI)

of 100 without further investigation;

e) The use of a coatlng which complles with the requirements for conformal coatlngs in CSA C22.2

No. 0

f) Pol
least
throu

g) Th
equip

cleargnces for equipment) for all points on the supply side of arkisolating transforme

prody
secor

Voltage Peak and Clearance; and

h) De
accor

i) As
Diele

25.3.5 Other than at field-wiring terminals, the spacing between uninsulated live part

polarity and
or that may
alternatively

ution degree 1 is achievable at a specific printed-wiring board location by |ap
a 0.79 mm (1/32 inch) thick layer of silicone rubber or for a group of printed-
hh potting, without air bubbles, in epoxy or potting material;

b phase-to-ground rated system voltage used in the determination.of clearance
ment rated supply voltage rounded to the next higher value\(in the table fo

ct when no isolating transformer is provided. The system’/voltage used in the
dary circuitry is able to be interpolated across thetable for the Rated Impu

termination of the dimensions of clearance and creepage distances shall be
dance with C22.2 No. 0.2 / UL 840.

hn alternative to the requirements in Section 25, Spacings, the construction sha
ctric Voltage-Withstand Test for the @perating voltage.

between an uninsulated livepart and a dead metal part that is exposed to contd
be grounded shall either_not be less than the appropriate value specified in ]
be evidenced through.compliance with C22.2 No. 0.2 / UL 840.

ution degree 1;

blication of at
wiring boards

s shall be the
r determining
r or the entire
evaluation of
se Withstand

conducted in

[l comply with

5 of opposite
ct by persons
[able 25.1, or

Generator pollution degree fI?ng?pzliscﬁtion of C22.2 No. 0.2/ UL 840
Generator location Pollution degfee

Areas exposeq te _brush dust 4
Inside sealed non-ventilated enclosures and enclosures with filtered air 2
Generator engine compartment 3
Generator intake plenum 3
Inside hermetically sealed enclosures and potted equipment 1
Conformal coating rated for PWB material® 1
Generic or conformal coating not rated for PWB material 2

@ Only applies to the printed-wiring board (PWB) surfaces covered by conformal coating. Does not apply to components mounted
on the PWB, PWB locations under components, and component leads (above and below the PWB).

25.3.6 The spacing requirements do not apply to the inherent spacings of a component of the machine,
such as a snap switch. Such spacings are judged on the basis of the requirements for the component in

question.
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26 Control Circuits

26.1

from being connected to a single-point reference ground.

A LVLE circuit as described in 4.47 or a limited-energy circuit as described in 4.43 is not prohibited

26.2 Except as indicated in 26.3, a LVLE circuit is not required to be investigated. Printed-wiring boards
and insulated wire used in such circuits shall be types that are required for the application. See 22.1.1 and

37.1.

26.3 Safety

26.4 A cont

extend out of

as specified i
a) A ¢
voltag

b)Ac

Printed-wiring
the applicatio

Exception: The value of current specified in (b)-is’not prohibited from being exceeded wh

includes an o

circuits shall be judged by the requirements for primary circuits.

=V TOO0ara

age

uired to be investigated when the maximum volt

the unit is no
(a) and (b):

treq and curre

ontrol circuit is not required to comply when the maximum voltageyis as spf
e limits of Table 9.1; and

bntrol circuit is not required to comply when the maximum voltage and current is;
1) 8 amperes for 0 — 42.4 volts peak ac, or 0 — 30 volts-dc;or

2) Amperes equal to 150 divided by the maximum{yoltage for 30 — 60 volts dc.

boards, insulated wires, and motors used in such circuits shall be types that ar¢
. See 22.1, 22.1.3, and 37.1.

yercurrent protection device as deseribed in 26.7 and 26.8.

s—that does not

nt are limited

bcified in the

e required for

bn the circuit

26.5 With reference to the current specified in 26.4(b), the maximum current is to be measured under

any condition
the 1-minute
26.4(b).

26.6 With reference to the'voltage limit specified in 26.4(a), measurement is to be made

connected to
transformer w
end of the wir

of loading including shart gircuit using a resistor that is to be continuously read
beriod to maintain maximum load current. The current shall not exceed the valu

the voltage specified in 57.2 and with all loading circuits disconnected. Wh
inding isused to supply a full-wave rectifier, voltage measurement is to be mad
dingte:the tap.

usted during
e indicated in

with the unit
en a tapped
e from either

26.7 When

I nieal HPP-CIH WP~ ifiad 20 4 aatlieaitad $ warahl bhaort alea it
TGS LUTTUHUT LITUUtt opuluinicu 1 22U 10 TIUL TITTINCU do U avdadiiduic olffurtruitvuit o

urrent by the

construction of a transformer and the circuit includes either one or more resistors, a fuse, a nonadjustable
manual-reset protective device, or a regulating network (see 26.11) the circuits in which the current is
limited in accordance with 26.8, 26.9, or 26.10 are not required to be investigated.

26.8 A fuse or circuit-protective device provided in the control circuit used to limit the current in
accordance with 26.7 shall be rated or set at not more than the values specified in Table 26.1.
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Table 26.1
Rating for secondary fuse or circuit protector

Circuit voltage (volts, rms)

Maximum overcurrent protection (amperes)

More than 20 and not greater than 60

5
100/Vv®

20 or less

2V is the maximum output voltage, regardless of load, with the primary energized in accordance with 57.2.

26.9 A fuse or circuit protective device is not prohibited from being connected in the primary of a
transformer to limit the current in accordance with 26.7 when the protection is equivalent to that specified
in 26.8 as determined by conducting the Overcurrent Protection Calibration Test, Section 74.

26.10 One
shall be such
indicated in 2

26.11 Whe
and the pern
component -

a)Th

b) Cri

2612 Ina
circuit proteg
voltage are li

27 Engine

271 Engin
27.2 Engin
result in a ri
accordance

27.3 Engin
interactive c
No. 107.1

or more resistors or a regulating network used to limit the current in aceorda
that the current under any condition of load including short circuit does notexcs
6.4 (b)(1) or (2).

h a regulating network is used to limit the voltage or current in_accordance with
excluding a resistor — the network shall comply with the following:

b environmental tests; and

ical components shall be derated.

circuit of the type described in 26.7, the.s€condary winding of the transformse
tive device, or the regulating network, and all wiring up to the point at which th
Mmited shall be judged under the applicable requirements in this Standard.

Generator Programmable Controls
e generator controls may be located concurrent with or separate from engine cor

e generator controlSithat perform one or more safety functions where the failure
bk of fire, electricsshock, or other hazard as defined by this standard, shall bg
vith UL/ULC 6200 including the requirements for Safety Circuits.

b generators that employ a converter/inverter component, sub-assembly, or th
bntrolSshall comply with the applicable interconnect requirements contained i
ULV1741 and Section 46, Inverters, Converters, Power Production Co

hce with 26.7
ed the values

26.4 — 26.10,

formance is affected by malfunction, either short circuit, of“open circuit, ¢f any single

r, the fuse or
e current and

trols.

of which can
evaluated in

at have utility
n CSA C22.2
ntrollers, and

Interconnect

(@) 4 D ola Fpy P 4 o 4
T OYSITHT TTOYraimmauic CUTTIUTS TUTOTTITTatluls.

28 Product Risk Assessment

28.1

When required by specific portions of this Standard, a safety risk assessment based on the end

product application shall be conducted to identify safety circuits performing functions that are the primary
means to mitigate risk of fire, electric shock, or other hazards that could cause personal injury. The risk
assessment shall take into account hardware failures, design faults, operator errors, and environmental
impacts. Guidelines for the safety risk assessment are provided in Safety of machinery — General
principles for design — Risk assessment and risk reduction, ISO 12100, Sections 5.4, 5.5, and 6.

28.2 To achieve this, the design for safety process shall eliminate the hazard or reduce the risk
associated with the hazard by applying measures, in the following order:

a) Desian for safety with passive protective measures in accordance with this Standard;
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b) Apply active protective measures (e.g. automatic protection intervention if preset limit values are
exceeded) accordance with this Standard;

¢) Communicate the information for use about the residual risk to the installer/operator by
instructions to reduce the risk to a tolerable level as specified in Sections 92 — 98.

See ISO 12100 clauses 5.4, 5.5, and 6.

28.3 Engine generator assemblies shall comply with the safety requirements and/or protective measures
of this Standard for the hazards associated with the product. In addition, the engine generator assembly
shall be designed according to the principles of ISO 12100 for the identified relevant and significant
hazards to work in conjunction with this Standard. The risk assessment shall also address the additional

abnormal risk
29 Safety Q

29.1 Where
product appli
means to mit|
assessment §
impacts. Gui
principles for
requirements

a) Lim

b) Lin
standa

c) Mai

d) Mg
systen

s in accordance with Section 71, Abnormal Tests.
ircuits

required by specific portions of this Standard, a safety risk assessment base
Cation shall be conducted to identify safety circuits performing, functions that ar
gate risk of fire, electric shock, or other hazards that could.catse personal in
shall take into account hardware failures, design faults, operator errors, and ¢
Helines for the safety risk assessment are provided,in” Safety of machinern

apply to circuits implementing functions that:
t the effects of abnormal voltage and/or power for standalone power application

it the effects of an overcurrent condition~or current limiting in a short circuit
lone power applications;

htain line pressure of an engine driven fire pump system;

nitor critical system sensofrs for safety indications and shutdowns in emer
hs and fire pump applications;

e) Co

trol the detection time and energy parameters of a paralleling device controll

permigsive for standalene’ power applications;

f) Control the detéction time of electronic protection of the engine, fuel, generator, pun
compgnents of-the system;

g) Provide a'means to remove output power to a generator system from the load upo
an emiergency stop device;

d on the end
e the primary
ury. The risk
nvironmental
y — General

design — Risk assessment and risk reduction, ISQO{12100, Sections 5.4, 5.5, and 6. These

U7

condition for

jency power

er for closing

p, and other

T actuation of

h) Provide a means to shut down the prime mover upon actuation of an emergency stop device;

i) Control the synchronization of a generator system of a distributed resource to an electric power
system; and

j) Incorporate signal and communication circuits that interconnect systems or devices to provide
the safety functions described above including prevention of prime mover rotation.

k) Provides electromechanical interlock protection to prevent access to Medium Voltage equipment

as def

ined in 7.3.4.

29.2 Solid-state switching circuitry relied on for safety circuit fuel flow control functions per 29.1, shall be

evaluated for

reliability per the UL/ULC 6200 Exception to 22.1.6.
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29.3 Safety circuits that rely on embedded software or firmware shall be identified by microprocessor
model and firmware/software version. In addition, that software and firmware shall comply with one of the
following functional safety standards:

a) IEC 61508-3, Functional safety of electrical/electronic/programmable electronic safety-related
systems — Part 3: Software requirements (minimum of SIL 1);

b) UL 60730-1 , Automatic Electrical Controls — Part 1: General Requirements for the United
States, and/or CAN/CSA-E60730-1, Automatic electrical controls — Part 1: General requirements
(Annex H.11.12 only) (minimum of Software Class B) for Canada;

¢) UL 1998, Software in Programmable Components (minimum of Software Class 1) for the United
State‘; and/or

d) C3A C22.2 No. 0.8, Safety functions incorporating electronic technology (minimumn of Software
Clasg B) for Canada.

Exception Np. 1: Software/firmware that is performing a supplementary function supportdd by external

and indepen

Hent limiting protection is not required to comply with functional safety requiremepts.

elements in

Exception Np. 2: Safety Control circuits that meet the requiremenis of proven in use

Functional 3
Requiremen
not required

29.4 Contr

limiting proteftion. Some examples include, but are not.limited to:

afety of electrical/electronic/programmable electronic safety-related systen
s for electrical/electronic/programmable electronic-safety-related systems, IEC
o comply with (a) — (d).

| circuits become supplementary functions’when supported by external and

Is — Part 2:
61508-2, are

independent

a) Overload protection provided by the programmable controller when a separate {use or circuit

brea

b) Sqg
with t

c) Ad
30 Access

30.1 The rg
connections

ris provided to protect the generator and generator output conductors.

ftware controlled interlock, of @ transfer switch controller when the transfer sw
ne specific transfer switch product standard

jitional software-based limiting device that meets the requirements of 29.3.

ble Signal Circuits

suchas\RS232 communication ports or similar devices.

quirements in 30.2 and 30.3 apply to accessible signal circuits having provisio

itch complies

n for external

30.2 Asig
any of the fol

L Aatearud th ot o do oAl haf et ohall kb
dl UITUUTLU UTAU TATTTIVUS UUL UT A UTiTe oridirT v

lowing:

H latad frana-th KHaornatinc—arrerantt
O TOoUIAilTCU TTuUTIT unrc GILUIIIOUIIH CUurTeorTitT

hput circuit by

a) An optical isolator having an isolation voltage rating of not less than the Dielectric Voltage-
Withstand test potential required in 59.4 and complying with the requirements in CSA Component
Acceptance Service Notice No. 5/ UL 1577;

b) An isolation transformer complying with the requirements in CSA C22.2 No. 66.1 / UL 5085-1
and CSA C22.2 No. 66.3 / UL 5085-3;

c¢) An isolation transformer complying with the requirements in 31.1; or

d) An Impedance network consisting of one or more resistors or a regulating network complying
with 26.10, 26.11, and 30.3, the spacings shall comply with Section 25, Spacings, or CSA C22.2
No. 0.2/ UL 840.
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e) Insulation and isolation devices between non-low voltage circuits and signal or control circuits
shall be rated for the higher circuit voltage.

NOTE: Examples include isolation transformer sourced optical signal transmitters, receivers, transceivers and fiber optic cable
network complying with the requirements in 31.1(b).

30.3 The maximum voltage and current available from an accessible signal circuit shall comply with the
requirements in 26.4 — 26.11.

30.4 The maximum power available from an accessible signal circuit that employs an overcurrent
protection device to limit the current as described in the Exception to 26.4 shall not exceed the values
specified in Table 30.1.

Table 30.1
Maximum power of accessible signal circuits

Circuit voltage volts, rms Maximum power,‘volt-amperes
15 or less 350
Mere than 15 and not greater than 60 250

31 Transformers

31.1 Transfprmers provided with the generator assembly shall be evaluated in accordance with the
following Stanpdards where applicable:

a) CSA C22.2 No. 66.1 / UL 5085-1, CSA C22.2 No. 66.2 / UL 5085-2, and CSA C22.2 No. 66.3 /
UL 5085-3;

b) CSA C61869-1, CSA C61869-2, CSA C61869-3, CSA C61869-5/ IEEE C57.13, IEEE C57.13.2,
IEEE €57.13.5;

¢) UL p06; and
d) CSA C22.2 No. 47 / UL)1561.

32 Separatjon of Circuits

32.1 Factony wiring

32.1.1 Insulatet—eonductors—ofdifferent—ciretits (acc 3212) within—an clly;llc gcllclat r assembly,

including wires in a terminal box or compartment, shall be either separated by barriers or segregated and
shall be so separated or segregated from uninsulated live parts connected to different circuits.

Exception: For insulated conductors of different low voltage circuits, when each conductor is provided with
insulation intended for the highest of the circuit voltages, no barriers or segregation are required.

32.1.2 For the purpose of the requirement in 32.1.1, different circuits include those separated in Table
32.1. Medium voltage circuits shall be separated from all low voltage circuits.
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Table 32.1
Circuit characteristics

Hazardous voltage circuits

Non-hazardous low voltage circuits

sinusoidal) (or output side of
these circuits, when isolation®

Characteristics Examples Characteristics Examples
> 30 Vs (sinusoidal) Output power circuit < 30 Vs (sinusoidal) Limited energy circuit
>30 V,, (non-sinusoidal) Power supply to control circuit <30 V,, (non-sinusoidal) Limited voltage circuit,
and starting circuit starting battery®
>42.4 V, (non-sinusoidal) Output/sense/monitor/control/ <42.4 V, (non-sinusoidal) Low voltage side of output
feedback circuits (non- feedback circuits, when

isolation® provided

provided to low voltage

b See 26.4 for

using requirements, source may have amperage potential of up to 300 A — 1,000 A.

circuits)
>60 Vpc (if p10% ripple, Supply voltage for AC/DC <60 Vpe Low-veltage $ide of AC/DC
composite volfage, subject to starter battery charger, when starter/battery|charger, when
42.2 Y, limit) provided proyided
Any circuit not]isolated froma | AC convenience receptacles, Control/signal circuits
hazardous vpltage circuit, when provided accessible to the
regardless of Working voltage user/operator,|or intended for
(e.g., a 5V control circuit is external pr remote
hazardous when referenced connections|(e.g., Class 2
to a 240 V oufput circuit: 5V Remote-Confrol, Signaling
across circuif, and 240 V to Circuits — Artjcle 725 of the
gropnd) NEC)
Engine ignition coil output
Gas turbine ignition exciter
output
2 |solation that|meets applicable requirements including construgtion, spacings, electrical strength, abnormal operation.

32.1.3 Seg
means that
conductors o

32.2 Separation barriers

32.21 Abs

a) Gr

regation of insulated conductars is to be accomplished by clamping, routing, or
maintains permanent separation from insulated and uninsulated live pa
f a different circuit.

rrier usedto-provide separation between the wiring of different low voltage circu

pundedimetal or insulating material complying with the requirements in Section

Materlials, and no less than 0.71 mm (0.028 inch) thick; and

an equivalent
ts and from

ts shall be:

38, Insulating

b) Supported so that it is not capable of being readily deformed so as to defeat its purpose.

32.2.2 A barrier used to provide separation between field wiring and parts of a different circuit (field
wiring, factory wiring, or uninsulated live parts) shall be spaced no more than 1.6 mm (1/16 inch) from the
enclosure walls and interior mechanisms, component-mounted panels, and other parts that serve to
provide separated compartments.

32.2.3 Barriers used to separate medium voltage circuits from low voltage circuits shall be grounded
metal or insulating material capable of complying with the impulse and dielectric test requirements in this

standard.
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32.3 Field wiring

32.3.1

The equipment shall be constructed so that a field-installed conductor of a low voltage circuit shall

be separated by barriers as specified in 32.2.1 and 32.2.2 or be separated by segregation as specified in

32.3.2 from:

a) Factory-installed conductors connected to any other low voltage circuit, unless the conductors of

both ¢

ircuits are insulated for the maximum voltage of either circuit;

b) An uninsulated live part of another low voltage circuit and from an uninsulated live part where
short circuit with it results in a risk of fire, electric shock, electrical energy involving high current

levels,

c) Fiel

32.3.2 Field

shall be religbly separated by a barrier in accordance with 322. 'When evaluating th

requirements
loop for each
the conductof

a) Wh

entering an opening is to be connected to the terminal opposite that opening.

b) Wh
be co
parts

32.3.3 The
circuits are s
as specified i

32.4 Equipment aboyée:7,200 V

32.4.1 For
and their wiri

or injury to persons; and

d-installed conductors connected to any other low voltage circuit unless:
1) Both circuits are Class 2 or Class 3 (not for Canada); or

2) Both circuits are other than Class 2 or Class 3 (not for Canada), and bot
insulated for the maximum voltage of either circuit.

installed low voltage conductors and the live parts of different circuits as indica
the field installed conductors shall be wired as would be done in the field includ
conductor. No more than average care is to be.exercised in routing the wiring
slack into the wiring compartment. The field installed conductors are to be wired

En each opening is located opposite a setcofterminals, it is to be assumed tha

en each opening is located other than the one opposite the terminal to which it i

onnected to a different circuitlis to be evaluated.

equipment shall be constructed so that all field-installed conductors of me
parated from any factory or field installed low voltage conductors or componen

quipment operating above 7,200 V, instruments, meters, relays, secondary co
hg“shall be isolated by grounded metal barriers from the primary circuit eleme

exception ofl

N circuits are

edin32.3.1,
b separation
ing a service
and stowing

as follows:

a conductor

5 intended to

nected the potential for it to eéntact insulated conductors or uninsulated cufrent-carrying

jium voltage
s by barriers

htrol devices,
nts, with the

short Inngfhe of wire such as at instrument transformer terminals an

secondary

disconnecting devices.

32.5 Medium voltage circuits

32.5.1

Circuits that are connected to medium voltage circuits or circuits that do not have the required

isolation and the required spacing from adjacent medium voltage circuits shall be treated as medium
voltage circuits and shall comply with the medium voltage spacings defined in Table 25.1 as well as the
medium voltage tests in Section 59, Dielectric Voltage-Withstand Test, for the highest voltage in either
circuit.
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33 Overcurrent Protection

33.1

33.1.1

replacement,

General

or resetting, shall be accessible:

a) From outside of the enclosure (applicable to low voltage devices only); or

b) Behind a door (see 7.3.1).

An overcurrent protective device, the intended functioning of which requires renewal,

33.1.2 With reference to 33.1.1, a control-circuit fuse does not require renewal as an intended function

when the fusg and the load are contained within the same enclosure.

33.1.3 A fuse and a fuseholder shall have voltage and current ratings intended for| the ¢
they are conpected. A low voltage fuseholder shall be of the cartridge or extractortype.

Exception: Medium voltage fuses and fuses intended to be replaced by only service pe

Section 43, R

33.1.4 Aci

fuses are provided for protection of the output circuit, a fuse,'shall be provided in each

conductor.

Exception: U
individual sin
of 3-wire sin|
conductor in
voltage circu

33.15 Ag
protection co

a) Ac

b) Us
33.1.6 Angd

Exception N

Protection of Service Personnel) are not prohibited from being bolted in place.

Fcuit breaker connected in the output circuit shall open all ungrounded cond

hen a low voltage generator has provisionifor connection of a grounded neut
gle-pole circuit breakers are not prohibited-as the protection for each unground
gle phase circuits or for each ungrounded conductor of a 4-wire, 3-phase cir
olves a potential to ground in excess of 150 V. This exception does not apd
t breakers.

bnerator shall be marked«ir’ accordance with 94.7 when it is provided wit
nsisting of an interchangeable fuse and when the fuse is:

cessible to the user;or

bd to comply with'the requirements in this Standard.
vercurrént protective device shall not be connected in the grounded (neutral) sid

D 15 VAdditional overcurrent protection provided in the grounded side of the sy

rcuit in which

brsonnel (see

uctors. When
ungrounded

ral conductor,
ed conductor
cuit, when no
ly to medium

h overcurrent

e of the line.

pply circuit is

not prohibit

a wriern e prorecrive device simu:taneous:y aisconmects the grouriaeda dari

conductors of the supply circuit.

ungrounded

Exception No. 2: A low voltage unit that incorporates a single-pole overcurrent protective device

connected in

the grounded (neutral) side of the line is not prohibited when:

a) Each ungrounded circuit conductor is provided with an overcurrent protective device having a
current rating no higher than that of the overcurrent protective device in the grounded circuit
conductor;

b) The unit is marked in accordance with 94.12.

33.1.7 Temperature or current-sensitive devices such as temperature limiting thermostats, thermal
cutoffs, appliance protectors, fuses, circuit breakers, or similar devices that comply with Section 71,
Abnormal Tests, shall comply with the requirements for such devices.
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33.1.8 Overcurrent protection employing solid state component circuitry used for protection of circuits
described in (a) — (b) shall comply with the requirements in CSA C22.2 No. 5/ UL 489.

a) Control circuits per 33.2.1 — 33.2.7.

b) Low voltage alternating current power output circuits per 33.3.1 — 33.3.3.

Exception No. 1: Overcurrent protection whose performance is not affected by malfunction, either by short
circuit or open circuit, of any single component is not required to comply.

Exception No. 2: A solid state overcurrent protection circuit provided in addition to other overcurrent
protection devices such as a fuse or circuit breaker that is intended for the application is not required to
comply.

33.2 Contrgl circuits wiring and protection

33.2.1 A control circuit that extends from the generator to a remote control panél;-status panel, or similar
device shall Be protected in accordance with 33.2.2 — 33.3.3 to reduce the risk’of fire and glectric shock
that results frpm overload and short circuit conditions.

33.2.2 The pvercurrent protective device specified in 33.2.1 shall.be a circuit breaker or fuse that is
either:

a) Intgnded for branch circuit use; or

b) A stipplementary type.

When the protective device consists of a fuse, the generator shall be marked in accordance wjth 94.7.

33.2.3 A Class 1 power-limited circuit, in aceordance with the National Electrical Code, NFHA 70 and the
Canadian Electrical Code, Part |, used to supply an external control circuit shall be supplied fom a source
having a ratedl output of no more than/30.V and 1000 volt-amperes. When the source of a Class 1 circuit is
other than a fransformer, the circuit shall be protected by an overcurrent protection device rated no more
than 167 perg¢ent of the volt-ampere rating divided by the rated voltage. The overcurrent deyice shall not
be interchandeable with overcurrent devices of higher ratings.

33.2.4 An ekternal control circuit derived from a Class 2 transformer described in 4.17 is not required to
be provided with overcurrent protection specified in 33.2.1.

33.2.5 An ekternal control circuit derived from the secondary of a transformer other than that described
in 33.2.3 and3324—shaltbeprovided-with-overcurrent protection-inaceordance-with-3326 and 33.2.7.
For transformers not having a rating, the rated primary or secondary current specified in 33.2.6 and 33.2.7
is to consist of the maximum current during normal operation of the unit.

33.2.6 Except as described in 33.2.7, a low voltage transformer used to supply a control circuit shall be
provided with overcurrent protection in the primary circuit rated as indicated in Table 33.1.

Exception: When the rated primary current of the transformer is 9 amperes or more and 125 percent of this
current does not correspond to a standard rating of fuse or circuit breaker, the next higher standard rating
of protective device is not prohibited from being used. Standard ratings of protective devices are specified
in Article 240-6 of the National Electrical Code, NFPA 70, and Rule 26-256 of the Canadian Electrical
Code, Part I.
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Table 33.1

Primary overcurrent protection for low voltage control circuit transformers

Rated primary current, amperes

Maximum rating of overcurrent device, percent of
transformer primary current rating

Less than 2 300
2 or more, less than 9 167
9 or more 125

33.2.7 When a control circuit is derived from the secondary of a transformer that is provided with primary
circuit overcurrent protection rated at no more than 250 percent of the rated primary current of the

transformer,
circuit is prot

Exception N
percent of th
standard rat
ratings of pri
Rule 26-256

Exception N
overcurrent |
rated secong

33.3 Outpu

33.3.1 An ¢
described in
circuit with wj
means inten
generator ou

Exception: 1
installation in

33.3.2 The
voltage.

33.3.3 The

additionatovercurrent protection 15 not Tequired i the primary circuit when t
bcted at no more than 125 percent of the rated secondary current of the transfar

D. 1: When the rated secondary current of the transformer is 9 amperées or 1
s current does not correspond to a standard rating of fuse or circuit.breaker, th
g of protective device is not prohibited from being used in the‘seCondary cirt
ptective devices are specified in Article 240-6 of the National Electrical Code,
of the Canadian Electrical Code, Part I.

0. 2: When the rated secondary current of the transformer is less than 9
brotection in the secondary circuit shall be rated or Set at no more than 167 [
ary current.

t alternating current power circuits

utput circuit shall be provided with-.@vercurrent protection for all ungrounded ¢
33.3.3. The voltage rating of the overcurrent protection shall not be less than th
hich it is used. The overcurrentprotection device shall be a circuit breaker, fuse
ded for use as branch circuit protection and located within 7.62 meters (24
fput terminals.

[he overcurrent protection is not required to be provided with the genera

voltage rating specified in 33.3.1 for a 3-phase circuit shall be based on the ph

rating of the overcurrent protection shall not exceed the ampacity of the condug

structions specify.the required overcurrent protection for the output power circuit.

e secondary
mer.

nore and 125
e next higher
buit. Standard
NFPA 70 and

pmperes, the

ercent of the

onductors as
e rating of the
or equivalent
b feet) of the

tor when the

ase-to-phase

tors intended

to be connec

ed to thegeneratoras determined-imaccordance withr 1 7-1-8-

33.4 AC conductor inductive heating

33.4.1

If the conductors of an alternating current circuit pass through a wall or partition of metal having

magnetic properties, all the conductors of the circuit including the neutral shall be run through the same
opening. The requirement does not apply to a component unit such as a panelboard or switch which has
been evaluated for the application.

33.4.2 With respect to the requirement in 33.4.1 and to Figure 33.1, the conductors may pass through
individual openings in a wall or partition if the openings are connected by slots cut in the metal wall. The
conductors may be run through individual openings in an insulating block used to cover an opening in the
metal wall for all the conductors of the circuit if no metal bracket, brace, or the like is placed across the
insulating material between the conductors.
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Exception: This construction may be permitted if, during the Temperature Test, temperatures are recorded
on interposed metal to determine that conductor insulation is not adversely affected and the insulation is
used within its rated temperature limit. The conductors may be run through individual openings in an
insulating block used to cover an opening in the metal wall sufficiently large for all the conductors of the
circuit if no metal bracket, brace, or the like, is placed across the insulating material between the
conductors.

Figure 33.1

Conductors through openings

N —
—

\é
%2

INSULATING
BLOCK

7

lemccccccccccaaa

52070

34 Air Filters

34.1 Air filtgrs for.combustion air intakes shall either comply with the backfire resistance requirements in
Section 63, Intake Air Filter and Intake Backfire-Deflector Test, or they shall be provided with a backfire
deflector/fla i i i i i i i

34.2 Backfire deflector/flame arrestors if provided shall be located in the combustion air intake path so as
to protect the air filter from engine backfires.

34.3 Backfire deflectors/flame arrestors are not required for gas turbine or reciprocating diesel engines.

34.4 Airfilters not for combustion air intakes shall comply with the requirements in ULC-S111 / UL 900, or
shall be constructed of materials classed V-2 or HF-2 or less flammable in accordance with UL 94.

Exception No. 1: This requirement does not apply to air filters in closed systems. A closed system is
defined as that which, although not required to be air-tight, is not intended to be vented outside the
enclosure.
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Exception No. 2: This requirement does not apply to air filters located external to the enclosure and
constructed of materials classed HB or HBF or less flammable.

34.5 Air filters for ventilation openings of enclosures containing medium voltage equipment, circuits and

wiring shall ¢

omply with (a) or (b) below:

a) The filters shall be located in a medium voltage compartment so that the filters cannot be
replaced without opening the door to the compartment. The door of the compartment shall be
interlocked in accordance with the requirements for Door Interlocks, 5.11.203, of CSA C22.2 No.

253/

UL 347.

b) The filters shall be located outside of a medium voltage compartment, so that the filters may be

repla
openi
Enclg
inclug
/ UL

openi

35 Capacifors

351 Acap
filled shall co

35.2 Acap
shall comply
CSA C22.2 N

35.3 UL 81
layer capacit

354 The n
type that pre
which it is co

35.5 Under

capacitor containing oil'that is more combustible than askarel shall not result in a risk of fire,

electric shocl
of the geners

ed without opening the medium voltage compartment. The constraction of {
hgs shall comply with the requirements for Ventilating Openings, Vent Outlets
sures), 5.102.206, of CSA C22.2 No. 253 / UL 347. During any period ©f. filter
ing with no filter installed, the construction shall comply with 5.102.206-0f CSA (
B47. The filter shall not be considered to be the barrier that is required behi
ngs.

bcitor used for electromagnetic interference elimination or power-factor correc
mMply with the requirements in CSA C22.2 No. 190 1UL' 810.

Acitor connected across a low voltage input.oroutput ac circuit that is connec
with the requirements for across-the-line~Capacitors in CSA-E60384-14 / UL
0.8/ UL 1283.

DA shall be applied to electrochemical capacitors that are often referred to as “g
brs”, "ultracapacitors”, “double layer capacitors” or “supercapacitors”.
aterials and construction of a capacitor or its case within a generator assembly
vents overpressure conditions in the event of malfunction of the capacitor or
hnected.

both normalvand abnormal conditions of use, including internal shorting of th

and shall'be constructed to reduce the risk of expelling dielectric medium from
tor assembly. See 35.6 and 35.7.

e ventilation
(Openings in
replacement,
£22.2 No. 253
nd ventilation

ion that is oil

ed to a utility
60384-14 or

lectric double

shall be of a
the circuit in

b capacitor, a
explosion, or
the enclosure

35.6 Withr

cference to the Tequirement i 35.5, a capacitor comptying withthe Tequirerments

for protected

oil-filled capacitors in CSA C22.2 No. 190 / UL 810 is considered to be constructed to reduce the risk of
expelling the dielectric medium.

35.7 With reference to 35.5, a unit having a capacitor other than that described in 35.6 shall be provided
with a complete non-combustible bottom panel below the capacitor.

35.8 A means such as a bleeder resistor shall be provided to drain the charge stored in a capacitor so
that it does not provide a risk of electric shock or a risk of electrical energy — high current level. A risk of
shock is considered to exist if the voltage across the capacitor exceeds the limits specified in Section 9,
Electric Shock. A risk of electrical energy — high current level — is considered to exist if the stored energy
exceeds 20 joules as determined by the following equation:

J=5x10"7 cv?
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in which:
Cis in microfarads; and

Visin volts.

Exception No. 1: This requirement does not apply if a tool is necessary to remove a panel to reach the
capacitor and the generator assembly is marked as specified in 94.8.

Exception No. 2: This requirement does not apply if the unit is marked in accordance with 94.9.

Exception No. 3: This requirement does not apply if:

a) The capacitor terminals and all parts connected to these terminals are insulatéd“o reduce the
likelihod of contact of these terminals and parts by the service person; and

b) A cautionary marking per 95.1(d) is provided.
36 Resistors

36.1 The agsembly of a power resistor, such as a wire-wound type-requiring a separate support shall be
reliable. The fesistor shall be prevented from loosening or rotatingby-a means other than frigtion between
surfaces.

36.2 An assembly employing lock washers complies with.the requirement in 36.1.
37 Printed-Wiring Boards

37.1 Printed-wiring boards shall comply with-the requirements in CSA C22.2 No. 0.17 / Ul 796 and UL
94 for a flammability classification of:

a) V-0f V-1, or V-2 for printed-wiring boards totally within non-hazardous secondary cirguits;
b) V-0Jwhen the printed-wiring board assembly is to be evaluated as a flame barrier; of
c) V-0for V-1 for generator output voltage sensing circuits; or

d) V-0 V-1, or Vi€2for all other applications.

Exception: A printed-wiring board located outside an enclosure, such as in an external contrl circuit, and
located in a LVLE Circuit or a limited-energy circuit is not required to be classed as minimum 2.

37.2 A resistor, capacitor, inductor, or other part that is mounted on a printed-wiring board to form a
printed-wiring assembly shall be secured so that it is not capable of displacing and resulting in a risk of
electric shock or fire by a force that is exerted on it during assembly, intended operation, or servicing of the
generator set.

37.3 Consideration is to be given to a barrier or a partition that is part of the unit assembly and that
provides mechanical protection and electrical insulation of a component connected to the printed-wiring
board.

38 Insulating Materials

38.1 The generator insulation system shall comply with the construction requirements contained in UL
1446.
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38.2 A material that is used for the direct support of a low voltage uninsulated live part shall comply with
the Relative Thermal Index (RTI), Hot Wire Ignition (HWI), High-Current Arc Resistance to Ignition (HAI),
and Comparative Tracking Index (CTI) values indicated in Table 38.1. A material is in direct support of an

uninsulated |

ive part when:

a) Itis in direct physical contact with the uninsulated live part; and

b) It serves to physically support or maintain the relative position of the uninsulated live part.

Exception No. 1: The generic materials complying with Table 38.2 are not prohibited for the direct support

of uninsulate

d live parts without additional evaluation.

Exception N
PLC values
product Abn(

Exception Ng
values highe
Special Arcin

Exception N|
required to ¢

Exception N
within 12.7 1
Category (Pl

Exception N(
values highe
product Spe

Exception N¢. 7: Those materials without CTI Performance Level Category (PLC) values or

values highg

b. 2. Those materials without HWI Performance Level Category (PLC) values
higher (worse) than those required by Table 38.1 shall alternatively be subjéctg
rmal Overload Test in accordance with CSA C22.2 No. 0.17 /UL 746C.

. 3: Those materials without HAI Performance Level Category (PLC)values or
I (worse) than those required by Table 38.1 shall alternatively be subjected to th
g Test in accordance with CSA C22.2 No. 0.17 /UL 746C.

D. 4: Those materials that are used in devices that do’not incorporate con
bmply with the HAI Performance Level Category (PLC)Yyequirements.

D. 5: Those materials that are used in devicesthat incorporate contacts and
nm (1/2 inch) of the contacts are not required to comply with the HAI Perfo
C) requirements.

. 6: Those materials without CTI Performance Level Category (PLC) values or
r (worse) than the CTI required-by Table 38.1 shall alternatively be subjecte
ial Arcing Test in accordance with CSA C22.2 No. 0.17 / UL 746C.

r (worse) than the CTI required by Table 38.1 shall be in compliance with

5 or with HWI
d to the end-

with HAI PLC
b end-product

tacts are not

are not used
rmance Level

with CTI PLC
d to the end-

with CTI PLC
the CTI PLC

requirement Wwhen:
a) They have a High-Yoltage-Arc Tracking (HVTR) PLC value of 1 or lower (better); or
b) The over surface spacings between the uninsulated live parts are at least 12.7 mm|(1/2 inch).
Table 38.1
Minimum material characteristics required for the direct support of low-voltage uninsulated live
parts
UL 94° RTI
Flame Class Elec HWI® HAI® CTI¢
HB b 2 1 4
V-2 b 2 2 4
V-1 b 3 2 4
V-0 b 4 3 4
@ Standard for Tests for Flammability of Plastic Materials for Parts in Devices and Appliances, UL 94.

Table 38.1 Continued on Next Page


https://ulnorm.com/api/?name=UL 2200 2022.pdf

102 ANSI/CAN/UL/ULC 2200 SEPTEMBER 23, 2022

Table 38.1 Continued

UL 94° RTI
Flame Class Elec HwWI® HAI® cTI¢

® The electrical RTI value of a material is to be determined in accordance with the Standard for Polymeric Materials — Long Term
Property Evaluations, UL 746B by test or by use of the generic RTI table. This material characteristic is dependent upon the
minimum thickness at which the material is being used and shall not be exceeded during the Temperature Test, Section 58.

¢ The HAI and HWI Performance Level Category (PLC) value of a material is to be determined by test in accordance with the
Standard for Polymeric Materials — Short Term Property Evaluations, UL 746A. This material characteristic is dependent upon the
minimum thickness at which the material is being used.

4 The CTI PLC value of a material is to be determined by test in accordance with UL 746A. This material characteristic is not
dependent upon the minimum thickness at which the material is being used.

Generic materials used for the direc;r:m?p%%tzof low-voltage uninsulated|live parts
Thickness RTI
Generic material mm (inch) °C

Any cold-moldgd composition (i.e. concrete) No limit No limit No limit

Ceramic, Porcglain, and Slate No limit No limit No limit
Diallyl Phthalatg 0.71 (0.028) 105
Epoxy 0.71 (0.028) 105
Melamine 0.71 (0.028) 130
Melamine-Phenolic 0.71 (0.028) 130
Phenolic 0.71 (0.028) 150
Unfilled Nylon 0171 (0.028) 105
Unfilled Polycafbonate 0.71 (0.028) 105
Urea Formaldehyde 0.71 (0.028) 100

NOTE — Each material shall be used within its minitnum thickness and its RTI value shall not be exceeded during the Temperature
Test, Section 58.

38.3 In low yoltage circuits, insulating material — such as a relay dust cover, transformer bobpbin, inductor
bobbin, insulating sheet, encapsulation, or similar material that is used as a barrier in lieu of the required
over surface, lor through-air:spacings, or both, shall comply with the requirements in 38.6 — 38(11.

38.4 Vulcaniized fiber is not prohibited from being used for insulating bushings, washers, separators, and

barriers, but ghall\not be used as sole support for uninsulated live parts. Vulcanized fiber shall not be used
in contact with,-or as si pport for medium \mlfngn pars.

38.5 A sensor such as a current transformer, transducer, or similar device shall be provided with
insulation that has been evaluated for the maximum voltage and temperature involved in its application,
while taking into consideration the presence of other circuits.

38.6 Insulating material is not prohibited from being used as a barrier in lieu of the required spacings in
low voltage circuits per 25.1.1.

38.7 The insulating material specified in 38.6 shall comply with the requirements in 38.8 when:
a) The material is in direct physical contact with an uninsulated live part;

b) The material serves to physically support, or maintain the relative position of the uninsulated live
part; and
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¢) The material is used as a barrier in lieu of the required over surface or through air spacings.

38.8 Anins
a)Co

b) Be

ulating material used as noted in 38.6 shall:
mply with 38.2; and

at least 0.71 mm (0.028 inch) thick.

Exception No. 1: A material that complies with 38.2 and does not comply with the thickness limit in (b)
shall alternatively be subjected to a 5000 Vac Dielectric Voltage-Withstand Test in accordance with the
Internal Barrier requirements in CSA C22.2 No. 0.17 /UL 746C.

Exception N
required thro
be at least 0.

a) H3
dama

b) Be

c) Be

38.9 The rgquirements specified in 38.8 (a) and (b) are independent of each other. For e

when a mat
material still

thickness allpwed for by the Exceptions to 38.8.

38.10 Insul
a)Th

b) Th
unins

c) The¢ material is used.in'lieu of the required over-surface, or through-air spacings.

Exception: T

. 2: A material that complies with 37.1 and is used in addition to not less tha
ugh-air spacings is not prohibited from being less than 0.71 mm (0.028 inch),th
33 mm (0.013 inch) thick. This material shall:

ve the required mechanical strength when exposed or otherwiseysubjected {
ge;

held in place; and

located so that it is not adversely affected by operation‘of the equipment in servi

brial complies with 37.1 at a thickness less than the 0.71 mm (0.028 inch) |
s required to be provided at a thickness at least equal to the 0.71 mm (0.028 in¢

ating material in low voltage circuits'shall also comply with the requirements in 3
e material is in direct physical contact with an uninsulated live part;

e material does not serve to physically support or maintain the relative pg
Lilated live part; and

he generie,insulating materials in Table 38.3 comply for this application with

1 one-half the
ick, and shall

0 mechanical

ce.

Xample, even
mit, then the
h) limit or at a

B.8 when:

sition of that

but additional

evaluation.
Table 38.3
Generic materials used as a barrier in low-voltage circuits

Minimum thickness RTI

Generic material® mm (inch) °C
Aramid Paper 0.25 (0.010) 105
Cambric 0.71 (0.028) 105
Electric grade paper 0.71 (0.028) 105
Epoxy 0.71 (0.028) 105
Mica 0.15 (0.006) 105
Mylar (PETP) 0.18 (0.007) 105

Table 38.3 Continued on Next Page
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Table 38.3 Continued

Minimum thickness RTI
Generic material® mm (inch) °C
RTV 0.71 (0.028) 105
Silicone 0.71 (0.028) 105
Treated cloth 0.71 (0.028) 105
Vulcanized fiber 0.71 (0.028) 105
@ Each material shall be used within its minimum thickness and its RTI value shall not be exceeded during the Temperature Tests,
Section 58.
38.11 An ingulating material in low voltage circuits shall also comply with the requirements)in 38.8 when:
a) Thg material is not in direct physical contact with an uninsulated live part;
b) Th¢ material does not serve to physically support, or maintain the)relative position of that
uninsylated live part; and
¢) Thg material is used in lieu of the required through-air spacings.
Exception N¢. 1: The generic insulating materials in Table 38:3.comply for this application without
additional evgluation.

Exception Ng
Comparative
materials that

Exception Ng
Comparative
do not apply f

38.12 Insulz
polyester, or
shall withstan
requirements
complete ser
substituted a
tests on the ¢

. 2: The Hot Wire Ignition (HWI), High — Current Arc Resistance to Ignitic
Tracking Index (CTI) Performance Level~Category (PLC) requirements do
are located at least 0.8 mm (1/32 inch) from uninsulated live parts.

. 3: The Hot Wire Ignition (HWI; High — Current Arc Resistance to Ignitid
Tracking Index (CTI) Performarice’ Level Category (PLC) requirements and RTI
or materials that are located atleast 12.7 mm (1/2 inch) from uninsulated live pa

ting material for the support of an uninsulated medium voltage part shall be po

n (HAI) and
hot apply for

n (HAI) and
requirements
1ts.

rcelain, glass

bther material found-acceptable for the support of an uninsulated live part. Th

quipment.

39 Adhesiv

39.1

es

se materials

d the most severe_conditions likely to be met in service, including the impulse @nd dielectric
specified inythis standard. When the equipment has been previously subjected to the
es of confermance tests, an alternate insulating material for the above applicatjons, may be
5 permitted by ANSI C37.55 without performing another complete series of ponformance

comply with the requirements for adhesives in CSA C22.2 No. 0.17 / UL 746C.

An adhesive that is relied upon to reduce a risk of fire, electric shock, or injury to persons shall

39.2 The requirement in 39.1 also applies to an adhesive used to secure a conductive part, including a
nameplate, that when loosened or dislodged:

a) Energizes an accessible dead metal part;

b) Makes a live part accessible;

¢) Reduces spacings below the minimum required values; or

d) Short-circuits live parts.
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40 Battery Heaters and Miscellaneous Heaters

40.1 Battery heaters and heating appliances rated at 600 V or less for use in unclassified locations as
defined in and in accordance with the National Electrical Code, NFPA 70, and the Canadian Electrical
Code CSA C22.1, shall comply with CSA C22.2 No. 46 / UL 499.

40.2 Compartment heaters with exposed heating elements inside the engine compartment shall be
placed at the highest point within the engine compartment. These heaters shall be located at least 1 m
(3.28 ft) away from lubricating system components, fuel train components, and lines or hoses of other
flammable fluids or gases. Heaters shall not be located in areas where flammable liquids can come in
contact with the heating elements under normal or abnormal failure conditions including leaks.

jance with UL
or liquids do

Exception: Heaters rated for use in T3, T4, T5, or T6 hazardous classified locations in accorg
823 and CSA C22.2 No. 88 to protect against ignition of accumulated explosive gases,ahg
not have an installation height limitation.

41 Engine[Starting Equipment

411 Gene
equipment in
41.2 When

generator as
42 Batterie
421 Batte

4211 Whe
with, or as p

conducting npaterials in the area and be readily accessible for servicing.

42.1.2 Arci
the enclosur
closed space
not contain 3
the like) may

42.1.3 The

ator assemblies rated for use in NFPA 110 applications “shall be provided
accordance with CSA C282 / NFPA 110.

an automatic battery charger is provided in addition to the engine driven ¢
sembly, the charger shall comply with CSA C22.2:No. 107.2 / UL 1236.

s
[y compartment

n a separate lead-acid storage\battery is intended to be placed in a compartn
art of, the engine generatorcassembly, it shall be secured in position to preven

ng parts, such as the-contacts of switches, circuit breakers, and relays, shall nof
e or compartmenthousing a vented battery, nor shall the enclosure or compartr
s where such parts are located. For purposes of this requirement, fuses and g
rcing parts.“Battery or compartment monitoring sensors (such as temperaturg
be located-in the enclosure or compartment.

interior of a metal compartment housing a lead-acid battery shall be prots

with starting

harger of the

hent provided
t contact with

be located in
nent vent into
onnectors do
sensors and

bcted against

corrosion by

A A + £ HP= S iotant rnaint fias 4 £ omaraal o gl ol bhaolead A vt
WU LUdALS UT AaLlU TToIoudITt JdiTit, twuU LUAtlo UT ©THariict |||u|V|uua||_y VAnNGCuUu VUIT, UT'u

e equivalent.

42.1.4 To reduce the risk of leakage of the electrolyte as a result of damage to the battery case by a
battery mounting means, a battery mounting means shall not cause undue stress to the battery case. See
42.1.5and 42.1.6.

42.1.5 A battery mounting means that consists of a bracket, strap, or the like that extends around the top
and/or sides of the battery shall not cause undue compression to the walls of the battery. The types of
brackets or straps indicated in (a) — (c) are considered acceptable. Other constructions may be accepted if
they are determined to be equivalent:

a) A bracket or strap constructed of a non-rigid polymeric material; or

b) A metal bracket or strap with a flexible, foamed material or the like between the bracket or strap
and the battery walls; or
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c) A metal bracket, which when tightened as intended, provides a clearance, minimum not
specified, between the bracket and the battery walls. See 42.1.6.

42.1.6 When determining the adequacy of the clearance for the mounting means described in 42.1.5(c),
the following factors shall be taken into consideration:

a) Dimensional tolerances of the bracket and overall dimensions of the battery case;

b) The overall dimensions of the battery may increase slightly after use; and

c) The need for a restraining means for use during shipping if the clearance of the mounting means
permits excessive movement of the battery.

42.1.7 A ve
cabinet for ¢
requirements
/UL 1989, or

42.1.8 Ener

42.1.9 Ener
ANSI/CAN/U

42.2 Batter

4221 The

42.2.2 The

discharge, oV
flow throughg
gas mixture, s

42.2.3 The
enclosure in

42.2.4

necessitate Iq
compartment

42.2.5 With

If the gas mixture.is lighter than air (such as hydrogen-air), the requirement of

nted battery or a valve-regulated battery provided with a generator assemb
nergy storage purposes (other than engine starting) shall comply with” th
in the following applicable standards: CSA C22.2 No. 141 / UL 924, CSA'C22.2
UL 1973.

gy storage systems (other than for engine starting) shall comply.with ANSI/CAN

gy storage systems specified for installation within or adjaeent to buildings shal
| 9540A.

y enclosure ventilation
equirements in 42.2.2 — 42.2.5 apply to units having vented batteries.

bnclosure or compartment housing a'vented battery where gassing is possible

ut the compartment in order to‘freduce the risk of buildup of pressure or accu
uch as hydrogen-air, involvifg a risk of injury to persons.

ventilation shall beyprovided by construction of the engine generator asse
he manufacturer's-installation instructions (See 97.1).

cating additional ventilation openings in the uppermost portions of the battery
where such a gas mixture may accumulate.

reference to 42.2.4, the venting means shall prevent hydrogen concentrations i

ly or battery
e applicable
No. 60950-1

UL 9540.

comply with

during heavy

ercharging, or similar type of usages shall be vented. The means of venting shall provide air

mulation of a

mbly or the

42.2.2 may
enclosure or

h excess of 2

percent by volume. Tf the adequacy of the ventilation required in 42.2.2 is not obvious, a

etermination

shall be made by measurement of gas concentration in accordance with Section 75, Battery Compartment
Ventilation Test. A lead-acid battery at full charge, when most of the charging energy goes into gas, will
generate approximately 0.028 m® (1 cubic foot) of hydrogen gas per cell for each 63 ampere-hours of
input.

42.3 Battery placement

42.3.1 A metal case or container of a battery, such as an alkaline battery, shall be insulated or spaced
away from contact with uninsulated live parts of the generator assembly if such contact may result in a
short circuit.

42.3.2 An enclosure or compartment housing batteries employing metal containers or cases that are
conductively connected to a battery electrode shall be such that the batteries are insulated or spaced from
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each other, or otherwise physically arranged, to prevent short-circuiting of part or all of the battery supply

after installat

ion in a generator assembly.

42.3.3 A battery that requires the addition of water shall employ a means to determine the fluid level.

42.4 Battery circuit overcurrent protection

42.4.1

accordance with Section 33, Overcurrent Protection.

42.5 Battery circuit isolation

A battery other than an engine starting battery shall be provided with overcurrent protection in

4251 A g(Lnerator having an integral battery charging circuit rated 60 volts, dc — max

output voltag
input ac circd

43 Protect

43.1
reach over, U
measuremer
within an e
requirements
Users — Acd
voltage engi
service pers
accordance

energized.

43.2 Live p
electrical end

43.3 Anun
and a movin
reduce the 1
service, or p

e — or less shall incorporate isolation as specified in Section 31, Transfermers
it and the battery circuit.

on of Service Personnel

The requirements in this Section apply only with regard to service”personnel who fi

nder, across, or around uninsulated electrical parts orymeving parts to make a
ts while the engine generator is in operation. Thegenerator output leads sh
hclosure, wireway, or electrical conduit in a %serVice personnel accessib
covering accessibility of live parts for protection. of users, refer to Section 8,
essibility of Uninsulated Live Parts and Moving Parts — and User Servicing.
ne generator equipment, the generator oqutput leads shall be enclosed in a
bnnel accessible area. The medium voltage equipment shall be provided with
with 7.3.4 that prevents servicing .the*equipment while the medium voltage

arts shall be so arranged and-covers so located as to reduce the risk of ele
rgy — high current levelswhile covers are being removed and replaced.

nsulated live part involving a risk of electric shock or electrical energy — high
) part that involveés a risk of injury to persons shall be located, guarded, or encl
sk of unintentienal contact by service personnel adjusting or resetting contr
erforming mechanical service functions that are performed with the equipme

such as lubri
a trip mecha

43.4 Live pa

cating a-motor, adjusting the setting of a control with or without marked dial setti
ism,.or.operating a manual switch.

mum rectifier
between the

nd they must
djustments or
bll be located
le area. For
Protection of
For medium
wireway in a
nterlocking in
equipment is

ctric shock or

current levels
psed so as to
bls, or similar
nt energized,
ngs, resetting

current levels

— located on the back S|de of a door shaII be elther guarded or msulated to reduce the rlsk of unintentional
contact of the live parts by service personnel.

43.5 A component that requires examination, resetting adjustment, servicing, or maintenance while
energized shall be so located and mounted with respect to other components and with respect to
grounded metal parts that it is accessible for electrical service functions without subjecting the service
person to the risk of electric shock, electrical energy — high current, or injury to persons by adjacent
moving parts. Access to a component shall not be impeded by other components or by wiring.

43.6 For an adjustment that is to be made with a screwdriver or similar tool when the unit is energized,
43.5 requires that protection be provided so that inadvertent contact with adjacent uninsulated hazardous
live parts involving a risk of electric shock is reduced taking into consideration that misalignment of the tool
with the adjustment means results when an adjustment is attempted. This protection shall be provided by:
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a) Location of the adjustment means away from uninsulated hazardous live parts; or

b) A guard to reduce the risk of the tool from contacting uninsulated live parts.

43.7 A live heat sink for a solid-state component, a live relay frame, or similar device involving a risk of
electrical shock or electrical energy — high current levels, which are capable of being mistaken for dead
metal, shall be guarded to reduce the risk of unintentional contact by the serviceperson or be marked in

accordance with 94.4.

Exception: This requirement does not apply to a heat sink mounted on a printed-wiring board.

43.8 Movin

parts that result in injury to persons and that must be in motion during servi

e operations

not involving
moving parts

44 Walk-in

he moving parts shall be located, guarded, or protected so that unintentional €o
s minimized or be marked in accordance with 94.19.

Generator Enclosures

441 Working space

4411
require a se
maintenance
2-308 and 2-3

Exception: In
tight (non-wa
etc.), special
specific haza
shall comply

44.1.2 Area
provided with

a) Be
b) Be

c)Be

Elecfrical enclosures, compartments or specific areas withinythe generator that

rvice person to enter the enclosure or housing t0{wire, examine, adjust
shall comply with Article 110.26, Spaces About Electrical Equipment, of NFPA
10 of the Canadian Electrical Code, Part I.

special areas where the required working.8paces cannot be provided (e.g. g€
k-in) enclosures, gas turbine engine modules, fuel tanks, engine cylinders, exhs
working procedures shall be provided-to-address worker safety, including consid
'ds within the special area, as well as-the scope of the work. The special workin
with local codes.

5 within a generator engclesure that require a lockout provision for worker sg
a disconnecting means for the generator that shall:

eadily accessible; and

Capableof being locked in the open position.

pt the point of connection of electric power to the generator or the affected circuif

htact with the

are likely to
or perform
0 and Rules

nerator skin-
ust systems,
eration of the
y procedures

fety shall be

44.2 Paneltroards within walk-in enclosures

44 .21
UL 67 and be

installed in accordance with the following:

a) The panelboard shall be mounted vertically;

When a panelboard is provided as a part of an appliance, it shall comply with CSA C22.2 No. 29/

b) Any opening giving access to a panelboard shall be at least as wide and high as the deadfront of

the pa

nelboard;

c) No part of the appliance shall obstruct the space between the panelboard and any opening

giving

access to the panelboard;

Exception: A panelboard is not prohibited from being located behind a door or cover when the
construction complies with Section 43, Protection of Service Personnel.

d) The panelboard shall be marked in accordance with Sections 93 and 94; and
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e) The face of the panelboard shall be directed outward and shall not be recessed more than 150
mm (6 inches) behind the perimeter of the appliance.

Exception: This requirement does not apply when:

a) Accessibility for servicing of another part of the overall appliance would be impeded by locating
the panelboard as specified;

b) The panelboard is located to provide access to the fuses and/or actuators in accordance with
Section 43, Protection of Service Personnel, (for example, with the front of the panelboard located
perpendicular to and immediately behind an access opening);

+the side away

from the direction of access;

d) At feast one edge of the panelboard is located within 150 mm (6 inches) of the perimeter of the
applignce in the direction of access; and

e) When the panelboard is located behind a door or cover, see Section 43, Protectfon of Service
Persannel, at least one edge of the panelboard is located within 25;mm (1 inch) behind the plane
created by the inside of the door or cover.

44.2.2 Whgn a panelboard is located behind another door or cover:

a) The construction of the appliance shall permit atleast a 90 degree opening of @ll doors and
hinged panels which give access to the panelboard;

b) The opening giving access to the panelboard-shall be at least as wide and high as|the deadfront
of thel panelboard;

c) The door or cover shall be constructed so that the panelboard is accessible withgut the use of
tools;land

d) The space between the do@r or cover and the face of the panelboard shall be open such that no
part gf the appliance is located within that space, and the cabinet or enclosure shall be constructed
so that the space is restricted from use as a storage space.

44.2.3 Doofs to the walk-in enclosure shall be designed to prevent persons from becoming trapped
within the wdlk-in enclgsure. Doors shall be able to be opened from inside the enclosure without use of a
tool or key should they become closed). Where a door locks automatically upon closing, the door shall
open in the direction of egress and be equipped with panic bars, pressure plates, or other dgvices that are
normally latchedybut open under simple pressure. Personnel door(s) intended for entrance tp, and egress
from a walk-i i frecti

44.2.4 Egress doors shall be marked with the word "Exit" and the line-of-sight to an exit sign shall not be
interrupted. Any doorway or passage that might be mistaken for an exit shall be marked "Not an Exit" or
with an indication of its actual use.

44.2,5 Walk-in enclosures with one or more personnel doors shall be provided with a switch near each
door to operate interior lighting.

Exception: A light switch is not required for doors or hatches provided only for emergency egress.
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44.3 Walk-in enclosures for medium voltage generators

44.3.1 Medium voltage generators with walk-in enclosures shall comply with the requirements in Section
44 and be constructed such that all medium voltage wiring and components are enclosed by grounded
metal, so that persons entering the enclosure have restricted access to the medium voltage circuits.

45 Illumination

45.1 Lighting shall comply with CSA C22.2 No. 250.0 / UL 1598 and be installed in accordance with the
National Electrical Code, NFPA 70, Article 410, and the Canadian Electrical Code, Part 1, Section 30.

45.2 Low vqitagetightingbetow-66-Vde-and-30-Vac-shs v vith A 6/ CSA C22.2
No. 9.0 / UL 2108 and be mstalled in accordance with the Natlonal Electrical Code NFPA 7( Article 411,
and the Canadian Electrical Code, Part |, Section 30.

45.3 Emerg
with National

ncy Lighting shall comply with CSA C22.2 No. 141 / UL 924 and its.ihstallation|shall comply
Building Code of Canada — Emergency Lighting / NFPA 101.

454 Lighting equipment shall be rated for applicable environmental €xposure within the conditions of
use accounting for leaking and spraying of fluids.

46 Inverters
Programmal

, Converters, Power Production Controllers, and Interconnection System
le Controls for Generators

46.1 Enging generators and gas turbines that includednverters or converters in their powef output shall
comply with the applicable portions of CSA C22.2 No.\107.1 /UL 1741.

46.2 Enging generators and gas turbines with their associated programmable control systems intended
for utility interactive operations shall comply with CSA C22.2 No. 107.1 / UL 1741. Engine ggnerators and
gas turbines with their associated programmable control systems that are evaluated for cdmplete utility
interactive opgrations shall be markedin accordance with 94.16.

Exception: When engine generators and gas turbines are provided with programmable comtrol systems
that include features intended ‘to’support operation in parallel with the utility grid and these features have
not been evaluated fory compliance with specific utility interconnection protection standards or
requirements| the engine-generator or gas turbines shall be marked in accordance with 94.17 and the
instructions specifiedin, 96.6.

47 Additional'Requirements for Generator Switchgear Rated Above 1,000 V

471 General

47.1.1 The requirements in this Section are for generator switchgear rated greater than 1,000 V and
supplement the general requirements in Sections 6 — 99.

47.1.2 Medium voltage metal enclosed switchgear, if provided, shall comply with the applicable
requirements specified in CSA C22.2 No. 31 / IEEE 1247 / IEEE C37.20.3 / IEEE C37.20.4 /| NEMA
C37.54 / NEMA C37.57 / NEMA C37.58 and CSA C22.2 No. 253 / UL 347.

47.1.3 Utility interactive engine generators provided with switchgear panel field wiring compartments
identified as "arc resistant" shall comply with the requirements of CSA C22.2 No. 0.22 / IEEE C37.20.7.
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47.2 Isolating means interlocks

47.2.1 Switches or drawout assemblies used to isolate circuits shall be rated for making and breaking
the maximum rated current of the circuit at the maximum rated voltage, or shall comply with 47.2.2 and
47.2.3.

47.2.2 When an isolating means is not rated for interrupting the rated maximum current of the circuit,
interlocks shall be provided by mechanical means to prevent the isolating means from being opened or
closed unless all power is removed from the circuit by another means. It shall also prevent the restoration
of power, unless the isolating means is either in the closed position or separated by the isolating distance.

47.2.3 Wh

the interrupt
secondary lg

47.2.4 Whe

n the sum of the full load rnhnge ofthe CPT and any otherconnected-transformers exceeds

ng capacity of the isolating means, electrical interlocks shall be provided
ads of CPTs before the isolating means can be opened.

n a drawout assembly is used as an isolating means, it shall complyWwith the reg

Drawout Elefnent Interlocks, 5.11.202, of CSA C22.2 No. 253 / UL 347.

47.3 Perfo

47.3.1 Gen
subjected to
Standard to

47.3.2 Gen
materials to
subjected to
(Corona) Teq
spacings.

Exception: U

‘mance

erator field wiring compartments with spacings less than those specified in Tablg
and comply with the Dielectric Test in addition t® other performance requirg
alidate spacings.

o disconnect

uirements for

25.1 shall be
ments in this

erator field-wiring compartments which.-use cast insulated busbars or cast insulating

allow for spacings less than those in_Table 25.1 for ratings 1,000 V and grg
and comply with the Dielectric Test,. thellmpulse Test in Section 69, and the Par|
t in Section 70, in addition to other*performance requirements in this Standa

| 1004-4 compliant alterpators maybe disconnected during this test.

47A Accegsory Equipment

ater shall be
lial Discharge
rd to validate

47A.1 Accgssory equipment’shall be constructed so that they can be added to a unit withqut presenting
a risk of fire, plectric shock; injury to persons, or electrical energy — high current levels.
47A.2 The |nstallation of accessory equipment by an operator shall be restricted to an arrgngement that

ns of plug-in

47A.3 The installation of 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

respo

nsible for the product; and

b) The electrical connections can be readily accomplished by making use of existing terminals and
connections in the unit wherever possible.

47A.4 The requirement in 47A.3 does not preclude the addition or removal of components or insulated
conductors or rerouting of insulated conductors to accomplish the desired change as long as the
alterations in the unit wiring:
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a) Can be accomplished by the use of materials and reference to instructions, both of which are
furnished as part of the accessory-equipment kit; and

b) Do not require the use of makeshift or substitute parts not used in the basic construction of the
system.

47A.5 All wiring provided as a part of an item of accessory equipment related to the installation shall be
acceptable for use at the highest voltage and temperature that can be encountered in the area in which the
wire is to be installed.

CONSTRUCTION - FUEL SYSTEMS

48 Liquid Fuel Systems
48.1 General

48.1.1 A fugl confining part having internal threads made of drawn brass ar machined frgm brass rod
shall be capgble of withstanding, without cracking, the 10-day Moist Ammonia-Air Stress Cracking Test,
Section 66.

48.1.2 Enclpsed engine generator assemblies shall have ventilation designed to minimize 1‘-e possibility
of hazardous|accumulation of flammable vapors or gases during equipment operation or when shut down
and the ventilation openings shall be arranged to minimize exhausted gasses or vapors fromn| entering the
combustion of cooling inlet air stream.

48.2 Tanksland fuel pumps

48.2.1 Fueljtanks provided as part of the engine generator assembly shall be constructed in accordance
with NFPA 37, Chapter 6, UL 142A, or ULC-S601.

48.2.2 Fittings and fill pipe longer than 0.3 m (1 ft), where soldered, welded or bonded, shall be
mechanically|secured to the tank in addition to soldering, welding, or bonding.

48.2.3 Whep a tank is within ‘or)contiguous to the engine compartment the tank location and the facilities
for filling shall be such that spillage or leakage drains to the ground and not onto the engin¢ or exhaust-
system parts.|Spillage tests shall be conducted when required to determine compliance.

48.2.4 A fugl tank-and fill fitting shall be so located as to reduce the possibility of damage {o the tank or
its fittings. The il flttmg and exhaust termlnus shall be at Ieast 0.9 m (3 feet) apart whep installed in
accordance wi o located above the

48.2.5 External fuel-confining parts of an electrically or mechanically operated fuel pump shall be of
metal or nonmetallic material that meets the requirements of 48.4.1 and 48.4.2. Failure of operating parts
shall not result in external leakage of fuel.

48.2.6 Electrically-operated fuel pumps shall comply with UL 558 / ULC/ORD-C558.

Exception: This requirement does not apply to electric fuel pumps that are supplied as part of and are
integral to the engine, are submerged or mounted inside a non-vented container such that a pump leak
cannot result in a fuel leak outside the container or tank.

48.2.7 An automatically operated positive shutoff shall be incorporated in the fuel line. This positive
shutoff shall be a part of the carburetor, fuel pump, or similar device, or shall be a separate automatic
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safety shutoff valve for fuel, and shall prevent fuel from flooding the carburetor or similar device and
spilling into the compartment when the engine generator is not operating. Where there are fuels that may
include particulate matter, the fuel system shall be provided with filtering upstream of the positive shutoff to
prevent degradation of fuel valves or similar device.

48.2.8 Fuel pumps that provide safety shutoff functionality shall comply with the Seat Leakage

requirements and tests from ANSI Z221.21 / CSA 6.5 on the discharge side of the pump.

48.3 Fuel lines and fittings

48.3.1
or hose shall

Metallic fuel lines shall be of annealed seamless drawn aluminum or steel tubing. Flexible tubing

48.3.2 Alun
mm (0.0035
(0.028 inch)

48.3.3 Flex
evaluated an
toa 89 N (2
ambient con
70 hours at
before the py

Exception: Fi
type indicate

be used-onhswhere reauired-to-absorb vibration
Y A g

ninum tubing shall have a nominal wall thickness of not less than 0.76 mny(0:03
inch) minus tolerance. Steel tubing shall have a wall thickness of notlless t
hnd shall have a corrosion-resistant exterior coating equivalent to thatafforded b

ble tubing or hose shall be marked to identify the manufacturer and model

D pound-force) axial pull test applied over a 1 minute period. The test shall be
jitions of 21 £5°C (70 £9°F) with tubing or hose wetted with fuel. Hose shall bg
100°C (212°F) aging and 48 hours of 3.175 mm /0425 inch) amplitude vibra
Il test.

exible tubing or hose for use with higher préssure diesel fuel injected engines 3
i in Table 48.1 which have been found to comply with 48.3.3.

Table 48.1
Types of-flexible tubing or hose

D inch), 0.089
han 0.71 mm
y paint.

and shall be

d found to comply with 48.4. Tubing and hose shall not pull*eff fittings or fail when subjected

conducted at
subjected to
tion at 17 Hz

hall be of the

Identification Standard
SAE J30R13,|SAE J30R7, SAE | Standard for Fuel and Oil Hoses, SAE J30 — R7 — Low Pressure Synthetic Rulbber Tube, R9 —
JBORY” FueMnjection, Medium Pressure Synthetic Rubber Tube, R13 — Diesel or Biodjesel
SAE J517 |l00R1 Type AT Standard for Hydraulic Hose, SAE J517
SAE J1402 Standard for Automotive Air Brake Hose and Hose Assemblies, SAE J1402
SAE 100R5-10/J1402 Standard for Automotive Air Brake Hose and Hose Assemblies, SAE J1402
SAE 100R1/EN 853-1SN Standard for Hydraulic Hose, SAE J517
DIN 73379 Standard for Road Vehicles — Fuel Hoses, DIN 73379-1
1ISO 19013-1 Rubber Hoses and Tubing for Fuel Circuits for Internal Combustion Engines; Specification
Part 1: Diesel Fuels, ISO 19013
SAE J1597 Standard for Laboratory Testing of Vehicle and Industrial Heat Exchanges for Pressure Cycle

Durability, J1597

48.3.4 Fuel-line tubing fittings shall be of the type conforming to the Standard for Automotive Tube
Fittings, SAE J512, or the Standard for Cast Copper Alloy Fittings for Flared Copper Tubes, ASME

B16.26, or th

€ equivalent.

Exception: Pressed-in fittings are not prohibited from being used on gravity feed systems.

48.3.5 A body or fitting provided with tapered threads shall be threaded in accordance with the Standard
for General Purpose Pipe Threads (Inch), ASME B1.20.1.
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48.3.6 Fuel-line hose fittings shall be of the non-adjustable spring clamp or crimp-on type fittings
complying with Dry Seal Pipe Threads, SAE J476 and Automotive Tube Fittings, SAE J512.

48.3.7 External fuel-confining parts of a filter, except a gasket or seal, shall be of metal. Glass filter bowls
are not prohibited when they are located within a compartment in which the system is installed.

48.3.8 Fuel lines shall be supported to minimize chafing and to maintain at least a 51 mm (2 inch)
clearance from bare exhaust components. Electrical wiring shall not be tied to fuel lines and shall be
routed so that it maintains 12.7 mm (1/2 inch) clearance from fuel lines.

48.3.9 Fuel feed lines, valves, and fittings shall be located so that any leakage does not run off or drip on

electrical- or

yhatust-svustem narts
B4 L T

48.3.10 Meg¢hanical guarding shall be used where necessary to reduce the risk\of |ccess to a
component gr prevents the splashing, dripping or spraying fuel that has the potential of causing an
electrical fire,|fuel fire hazard, or injury to persons.
48.4 Nonmetallic parts
48.4.1 A synthetic-rubber or nonmetallic liquid fuel gasket or part, in ‘contact with gasoline pr diesel fuel
shall not shoy excessive volume change or loss of weight when-evaluated on the basis of its intended
function, follgwing immersion for 70 hours in the test liquid <Specified in Table 48.2 at the operating
temperature, or it shall be subjected to the Volume Change Test of UL 157 or ASTM D471|and the test
liquid specified in Table 48.2.
Table48.2
Test liquids for.nonmetallic materials
Liquid in contact with part Test liquid
Gasoline ASTM Reference Fuels A and C
E85 CE85a
Diesel IRM 903 Oil
Biodiesel B100a
Caustic, corrosive, toxic fluid, DEF Fluid handled
48.4.2 A chpnge in\volume of not more than 25 percent swelling or 1 percent shrinkage, and a weight
loss (extractign) of not more than 10 percent is considered as indicating compliance with 48.4|1.

48.4.3 A part made of synthetic rubber which Is affected by aging shall not crack or show visible
evidence of deterioration following exposure for 96 hours to oxygen at a pressure of 2.07 MPa (300 psi)
and a temperature of 70°C (158°F).

48.5 Corrosion resistance

48.5.1 Where corrosion of a ferrous part interferes with the proper functioning of a part, the part shall be
provided with a corrosion-resistant protective coating.

48.6 Carburetors

48.6.1 Where a side or updraft carburetor is used, it shall be located so that overflow of gasoline shall
flow to ground or into a catch tank/reservoir, and it shall not contact electrical parts and exhaust system, or
collect in an engine compartment. Nonmetallic drain hose, when used, shall comply with the fuel
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resistance, oil resistance, and dry-heat resistance tests of the Standard for Fuel and Oil Hose, SAE J30. A

drain hose w

hen used shall be routed away from surfaces exceeding 70°C (158°F).

48.6.2 A downdraft carburetor, when mounted over an engine and having an external float bowl vent
opening, shall have a vent overflow tube to direct fuel away from the engine in case of fuel overflow.

49 Fuel Injection Systems

49.1

High pressure fuel injection systems [over 103 kPa (15 psi)] not provided as part of the engine shall

be constructed of metallic pipes or tubing and have pipe threads, welded joints or metallic compression
fittings or couplings. Compression fittings or couplings making use of polymeric sealing components shall

llic crush or

comply with
compression
Welded fuel
using weldin

49.2 Fuel |
clearance frg
routed so thg

50 Liquid §

50.1 No co
liquid fuel flo

Exception: M
only.

50.2 Anau

50.3 The a
the event thg
safety shuto
application o

504 Anau

a) Clg
than
sens

48 4 Compression fittinas and counlinas makina use of sinale use met
=" Lad J Lad J J J

rings shall be identified in the service manual including the proper replaceme
containing components operating at pressures over 850 kPa (125 psi) shallb
) practices in accordance with ASME B31.3.

nes shall be supported to minimize chafing and to maintain catlleast a 51
m bare exhaust components. Electrical wiring shall not be.tied"to fuel lines
t it maintains 12.7 mm (1/2 inch) clearance from fuel lines.

fuel Flow Controls

htrol shall be furnished on an engine generator assembly which allows, by man
v to the engine when it is shutdown for any reasen.

anually operated manual or electric priming fuel pumps shall be allowed for star

omatic engine shutdown sensorshall be provided to detect when the engine is s

Ltomatic engine shutdown sensor shall cause the automatic safety shutoff val
e engine is shutdown.-Gas turbines liquid fuel systems shall be supplied by t
f valves in series with positive shutoff indication. Compliance shall be verifie
f the Fuel Valve Flow Control Test in Section 89.

omatic safety'shutoff valve (ASSV) shall:

se upon-shutdown or failure conditions, to automatically stop the flow of liquid fi
wa seconds. The valve shall close upon command from the automatic eng
r or'programmable control;

nt procedure.
e constructed

mm (2 inch)

and shall be

Lal operation,

ting purposes

hutdown.

ve to close in

wo automatic
1 through the

el within less
ne shutdown

b) Be

c) Be

of the type that fails closed; and

100,000 cycle endurance tested.

50.5 An automatic valve shall:

a) Op

erate each time there is a call for fuel;

b) Completely stop the flow of liquid fuel within 2 second of the engine shutting down for any

reaso
c) Be

d) Be

n;
of the type that fails closed; and

100,000 cycle endurance tested.
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A valve that meters or controls fuel flow may serve as the automatic valve if it complies with the
requirements of CSA C22.2 No. 139 for Canada and one of the following for the US: UL 429, UL 428A, or

UL 428B.

50.6 Where there are fuels that may include particulate matter, the fuel system shall be provided with
filtering upstream of the positive shutoff to prevent degradation of fuel valves or similar device.

51

51.1
the operating

Selective Catalytic Reduction (SCR)

environment of the intended application.

DEF system components shall be suitable for exposure to the DEF agent, operating conditions, and

51.2 DEF ¢
control or intq
from wetting
48.4.2.

51.3 Overflg
ground or intq

an engine comnpartment (for example, the exhaust manifolds).

514 The S
that are mon
that the uppe
and the upp
materials.

NOTE: A superv

515 SCR s
shall be capa

a) On
or

b) Ong- and one-half times the working pressure marked on the unit.

516 The S
materials sha|

bmponents shall not leak or spray DEF and wet critical electrical and orfug
rrupt components. Synthetic-rubber or nonmetallic components relied on {0, corj
critical electrical and or fuel containing, control or interrupt components’shall

w of Diesel Exhaust Fluid (DEF) from storage tanks or intermediate day tanks
a catch tank/reservoir and shall not contact electrical parts and exhaust systen

CR system shall be provided with either audible or visible pressure and tempe
tored in a supervised location. The setpoints shall be identified by the manufa
r limit pressure alarm shall not exceed the maximum working pressure marke
br limit temperature alarm not exceed théZmaximum temperature rating of

sed location may be a remote monitoring location.

ystem housings that are subject to exhaust pressure during normal or abnorn
ble of withstanding a pressure equal to the highest of the following that is applicq

- and one-half times.maximum allowable back pressure of the engine and/or t

CR system housing shall comply with Section 56, Exhaust Systems, and
| be rated not less than the maximum exhaust temperature.

| containing,
tain the DEF
comply with

shall flow to
h or collect in

ature alarms
Cturer except
d on the unit
the housing

hal operation
ble:

urbocharger;

the housing

51.7 The S

“R systems shall be provided with suitable controls such as a watchdog timer, pressure and
temperature alarms, and E-stop functionality.

51.8 The SCR system shall be designed such that generator assemblies intended for use with

Emergency S
52 Liquefie
52.1

52.1.1
complete fuel

ystems are not shut down in the event of a failure of the SCR system.

d Petroleum Gas

General

system installed at the factory, except as indicated in 52.1.2 and 52.1.3.

Where an LP-Gas fuel system is provided as part of the generator set, it shall include the
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52.1.2 Products equipped to use a removable fuel container shall not be shipped without the fuel
container unless a metal nameplate that identifies the correct fuel-container assembly to be used is
attached adjacent to the container-mounting hardware.

52.1.3 A generator assembly arranged for LP-Gas fuel and intended for use with a remotely mounted
tank not provided or part of the generator is not prohibited. Requirements concerning fuel containers do

not apply to generator sets units of this type.

52.1.4 Non-

ductile (regular gray iron) cast iron shall not be used for LP-Gas confining parts.

52.1.5 A body or fitting provided with tapered threads shall be threaded in accordance with ASME

B1.20.1.
52.1.6 Vapgrizers, regulators, valves, filters, and other fuel-system components subjéc{ to container
pressure shgll be of a type designed for use with LP-Gas at a working pressure pot less than 1.75 MPa
(250 psi).
52.1.7 All fuel-system components shall be secured to the unit to minimize, the risk of loosening due to
vibration.
52.2 LP Cantainers
52.2.1 A fuel container shall be a pressure vessel constructed, tested, and marked in accor¢lance with:

a) CSA B51 / ASME Boiler and Pressure Vessél Code VIII Rules for Construction of Pressure

Vessegls, Division 1; or

b) Th
Conts

52.2.2 Afu

52.2.3 AnA
343, 0or 375 ¢

5224 AD
1.65 MPa (24

52.25 Afu

b Specifications of the Department of\Fransportation (DOT) CFR Title 49, Part 1
iners.

| container is not prohibited ffom being fixed to or removable from the generator

SME fuel container shall have a designed working pressure of 2.15, 2.36 or 2.
si). It shall be marked with the ASME "U" symbol and the design working pressu

DT fuel container shall be constructed, tested, and marked for a minimum servig
10 psi). lt-shall bear the marking DOT-4B240, DOT-4BA240, DOT-4BW240, or D

B| container shall be located so as to reduce the risk of damage to the container

The fittings

r8 for LP-Gas

set.

50 MPa (312,
re.

e pressure of
DT-4E240.

or its fittings.

f*a removable container shall be protected to minimize the possibility of dg

mage during

removal, filling, and replacement.

52.2.6 A fuel container shall be secured in place.

52.2.7 A removable fuel container shall be designed to engage a substantial positioning pin or an
equivalent means for proper positioning of the container when reinstalled.

52.2.8 When a removable fuel container is used, means shall be provided in the fuel system to minimize
the escape of fuel when the container is changed.

52.2.9 The use of a quick-closing coupling (a type closing in both directions when uncoupled) in the fuel
line shall be determined as complying with the requirements of 52.2.8.
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52.2.10 Welding, when required shall be made only on saddle plates, lugs, or brackets originally
attached to the fuel container by the manufacturer and shall meet the requirements of CSA B51 / ASME
B31.3.

52.2.11 A fuel container from which vapor only is to be withdrawn shall be installed and equipped with
connections arranged to minimize the accidental withdrawal of liquid.

52.2.12 A fuel container shall be shielded, when required against direct heat radiation from the engine
and exhaust system. See Table 58.2.

52.2.13 A removable-type container shall have the protection means for the fittings permanently
attached to the-container

52.2.14 An lexcess-flow and a back-pressure check valve, when required, shall be(locatéd inside the
container.

52.2.15 Thq filling connection shall be fitted with a double back-pressuré)check valve| or a hand-
operated shufoff valve and a back-pressure check valve.

52.2.16 A rémovable container employing a hand-operated shutoff alve with an internal excess-flow
check valve ig not prohibited.

52.2.17 An pccessible hand operated shutoff valve shall be provided on the container for g¢ach liquid or
vapor fuel supply line.

52.2.18 An putomatic excess flow check valve shall\b& provided in each container connectipn having an
opening for the flow of gas in excess of a No. 54.drill'size, 1.4 mm (0.055 inch); except thosg connections
for filling and pafety relief valves.

52.2.19 A netal plenum in the low pressure fuel circuit shall be located after the safety shutoff valves
and shall comply ASTM A179 / A179M:

52.3 LP Gapges

52.3.1 A vafiable liquid-level"gauge (such as a slip-tube or rotary type) which requires venting of fuel to
the atmosphdre shall ngtbe used on a fuel container.

52.3.2 A fix¢d-tube gauge shall be employed on the fuel container, except as indicated in 52,3.3.

52.3.3 A removable container filled by weight only is not required to employ a fixed-tube gauge.

52.3.4 The length of a fixed-tube shall be such that, when the lower end touches the surface of the liquid
in the container, the volume of the contents does not exceed 80 percent of the total container volume. This
condition shall be met on a removable container regardless of whether the container is being filled in the
horizontal or vertical position.

52.3.5 ASME containers shall have, permanently attached to the container, adjacent to the fixed liquid
level gauge, or on the container nameplate, markings showing the percentage full that is indicated by the
gauge.

52.3.6 Each container, whether constructed to ASME or DOT specifications, equipped with a fixed liquid
level gauge for which the tube is not welded in place shall be permanently marked adjacent to such gauge
or on the container nameplate as follows:


https://ulnorm.com/api/?name=UL 2200 2022.pdf

SEPTEMBER 23, 2022

ANSI/CAN/UL/ULC 2200

119

a) Containers designed to be filled in one position shall be marked with the letters "DT" followed by
the vertical distance (to the nearest 2.5 mm (1/10 inch)) measured from the top center of the
container boss or coupling into which the gauge is installed to the maximum filling level. The
exterior of the removable dip tube gauging device shall bear a corresponding "DT" marking.

b) Portable universal type containers that are filled in either a vertical or horizontal position shall be
marked as follows:

1) For Vertical Filling — With the letters "VDT" followed by the vertical dis

tance (to the

nearest 2.5 mm), measured from the top center of the container boss or coupling into which

the gauge is installed to the maximum required filling level.

52.3.7 A no¢n-venting, indicating-type liquid-level gauge (such as magnetic-ype) shall be

each contain

52.4 LP Fuel lines and fittings

52.4.1 Al g

copper pipe;
means.

52.4.2 Sted
corrosion-res
intent of this
shall be anng

5243 Ale
removable ¢
and parts wh

5244 Tub
52.4.5 Hos

52.4.6 Non

2\ Faor Harizantal Fillina

7 J
nearest 2.5 mm), measured from the center line of the container boss or.cou
into which the gauge is installed to the inside top of the container when lin
position.

With the letters "HDT" followed h\J/ the vartical di

er.

iping from a fuel container to the first-stage regulator shall be iron, steel (bla
seamless copper or steel tubing; flexible metallic LP-Gas hose; or other equ

| tubing shall have a minimum wall thickness of 1.2 mm (0.049 inch) and
istant exterior coating. Paint is considered to be a corrosion-resistant coating t
requirement. Copper tubing shall have a minimum wall thickness of 0.81 mm (0.
aled. Aluminum piping or tubingshall not be used.

ngth of flexible hose of a-type designated for use with LP-Gas shall be employ
pntainer and any fixed fuel-system parts, and between any high-pressure parts|
ch are mounted on.the engine.

g fittings shall'be of a type designed for use with LP-Gas.
b fittings™shall be of a type for use with the LP-Gas hose employed.

Lductile cast fittings (such as but not limited to cast iron) shall not be emplo

tance (to the
pling opening
he horizontal

provided on

ck), brass, or

ivalent piping

shall have a
hat meets the
032 inch) and

ed between a
on the frame

ved for either

piping or tubi

o

52.4.7 Fuel lines shall be supported to reduce chafing and to maintain at least a 51 mm (2 inch)
clearance from bare exhaust components. Electrical wiring shall not be tied to fuel lines and shall be
routed so that it does not inadvertently contact fuel lines.

52.4.8 Flexible hose passing through sheet metal shall be installed to minimize hose abrasion, such as
by use of clamps and grommets.

52.4.9 All pipe threaded fuel system fittings, including container fittings, shall be assembled using a pipe
joint sealing compound designed for use with LP-Gas. All fuel-system connections, including the container
with associated valves and fittings, shall be tested for leaks with a soap and water solution or equivalent
while the system is under LP-Gas pressure of 1.5 times maximum rated operating pressure (for the fuel

system unde

r test) but not less than 103 kPa (15 psi).
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Exception: Fuel systems with multiple operating pressures can be evaluated at the highest pressure or
each fuel system section may be tested at 1.5 times the operating pressure of that portion of the fuel

system.

52.4.10 The fuel container and associated valves and fittings are not prohibited from being tested

separately us

52.4.11

ing air pressure of not less than 621 kPa (90 psi).

Nonmetallic low pressure propane flexible hoses and fittings shall be subjected to the Volume

Change and Extraction Test, Section 85, the Vibration Test, Section 86, Aerostatic Leakage Test, Section

87, and the H

52.5 LP Vaporizers

52.5.1 Each

occupied by the water or other heating medium. Where the engine cooling system drain is sq

it is able to se

52.5.2 Each
gauge and wi

52.5.3 Engi
fuel unless th
the corrosion
pressure.

52.5.4 Vapg

ydrostatic Strength Test, Section 88.

vaporizer shall have a valve or plug which can completely drain the vapgdrizer i

rve as a vaporizer drain, a separate vaporizer drain valve or plug is notrequired

vaporizer shall be marked with the design working pressure inkkPa (pounds per
th the water capacity of the fuel-containing portion in kg (pounds).

ne exhaust gases shall not be used as a direct means©f heat supply for the va
e materials used for parts of the vaporizer in contact'with the exhaust gases ar|
action of exhaust gases and the vaporizer:system is designed to preve

rizers shall not be equipped with fusible plugs.

52.6 LP Sa

52.6.1
capacity, as

52.6.2 Asa
start-to-disch
less than 88

52.6.3 Asa
meters (cubig
flow capacity

ety control and relief devices

tailed in 52.6.2 — 52.6.7; shall be provided on the fuel container.

ety relief valve to be.used on an ASME container shall be set, sealed, and
brge pressure net.higher than the marked design working pressure of the conts
ercent of theumarked design working pressure of the container.

fety relief'valve on an ASME container shall be marked with its discharge cap

to the’outside surface area of the container.

n the section
located that

square inch)

porization of
e resistant to
nt excessive

A spring loaded internal-type saféety relief valve with proper start-to-discharge setling and flow

arked with a
iner, and not

acity in cubic

feet);per minute of air in accordance with Table 52.1 which relates the mininfum required

Table 52.1
Safety relief valve capacity
Container surface area Minimum flow rate of air
m2 (feet?) M3m (CFM)
1.86 (20 or less) 17.73 (626)
2.32 (25) 21.27 (751)
2.79 (30) 24.69 (872)
3.25 (35) 28.03 (990)
3.72 (40) 31.15 (1100)
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52.6.4 A safety relief valve on a DOT container shall be set for a start-to-discharge pressure of 2.60 MPa
(375 psi) and shall comply with the DOT regulations.

52.6.5 A safety relief valve shall have direct communication with the vapor space of the container.

52.6.6 The outlet from a container safety relief device shall discharge to the outside of enclosed spaces
and as far as practicable from possible sources of ignition. A loose-fitting rain cap shall be provided on the
end of discharge outlet piping. The cap shall be attached to prevent its being lost.

52.6.7 When a discharge line from the container safety relief device is used, it shall be of metal (other
than aluminum) sized, and located so as not to restrict the required flow of gas from the safety relief

device. Such—a rher\hgrgn linea-shall he so constructed-—and installed as to reduce-the ris

dislodged by
the vertical.

52.6.8 Ancg
the first-stag
or when the §
pressure bui
pressure of 1]

52.6.9 An automatic switch, such as an oil-pressure switch or*vacuum switch, provided

automatic sh
the intended

52.6.10 AR
shutoff valve
lowest press
arranged to

52.6.11 Au
the passage

52.7 LP Ng
52.71 Asy

weight, wher
23.0 £2.0°C.

the discharge from the safety relief device and shall be directed upward within

utomatic shutoff valve shall be provided in the fuel system at some_point ahead
b regulator, designed to prevent flow of fuel when the ignition is offiand the engin
bngine stops. This device shall permit the back flow of fuel from the vaporizer in
d-up in the vaporizer. The device shall be of a type designed\for use with LP-Ga
ot less than 1.72 MPa (250 psig).

utoff valve shall be rated for the load controlled:and shall be of a type which ig
use.

ydrostatic relief valve shall be installed between the container shutoff valve and
of a liquid withdrawal system. The relief valve shall be set to discharge at not h
Lire rating of the components in that portion of the fuel system. The valve disch
ent outside of the system enclosure.

omatic pressure-reducing\equipment incorporating an automatic shutoff mea
pof fuel when the engine is-not running shall be employed.

nmetallic parts

nthetic-rubber part in contact with LP-Gas shall not show excessive volume chal
evaluated.on the basis of its intended function, following immersion for 70 hour:

< of its being
15 degrees of

of the inlet of
e not running
the event of a
5 at a working

o control the
designed for

the automatic
gher than the
arge shall be

ns to prevent

nge or loss of
5 in hexane at

52.7.2 A ch

ange involume of not more than 25 lr_\nrr‘nnf Q\Alnlling or 1 rr_\nrr\nnf ehrinl(ngo,

and a weight

loss (extraction) of not more than 10 percent indicates compliance with 52.7.1.

52.7.3 A part made of synthetic rubber which is affected by aging shall not crack or show visible
evidence of deterioration following exposure for 96 hours to oxygen at a pressure of 2.07 MPa (300 psig)
and a temperature of 70°C (158°F).

52.7.4 Rigid (not rubber or synthetic rubber) polymeric components relied upon for gas containment that
are located within, between, or upstream from the safety shutoff valves shall be made of materials rated
for the operating conditions including: temperature (mechanical RTI accounting for worst case operating
conditions), water exposure, and UV exposure (if exposed to UV).

52.7.5 Polymeric parts described in 52.7.4 shall be subjected to the following test sequence:

a) Fuel Compatibility Test of UL 1337;
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b) Vibration Test of UL 1337; and

c)Lea

kage Test of UL 1337.

Intentionally moveable rigid polymeric fuel containing parts, such as but not limited to fuel type flow
restrictors, shall be subjected to a preconditioning of 6000 mechanical cycles prior to the test sequence.

52.8 LP Corrosion resistance

52.8.1

When corrosion of a ferrous part interferes with the proper function of a part, the part shall be

provided with a corrosion-resistant protective coating. When the corrosion resistance properties of the

metal are not

known, a sample shall be subjected to the Salt Spray Test, Section 67

Exception: TH

52.8.2 Apa

Day Moist Ampmonia Air Stress Cracking Test, Section 66, for copper and copper alloys.

53 High Pr¢ssure and Low Pressure Natural Gas

53.1 Gener,

53.1.1 Stee

equal to or Igss than 850 kPa (125 psi) shall comply with*NFPA 54 / ANSI Z223.1 and

dimensionally

53.1.2 Encl
of hazardous
and the venti
combustion o

53.1.3 High
metallic pipirn
withstanding
with other tha
steel piping 4
psi) and grea
10380, ASTM
five times its

is requirement does not apply to a part made of stainless steel.

t made of drawn brass or machined from brass rod shall withstand, Without craq

Al

pipe (black) employed as low pressure gas conduit on an engine generator sys

with the Standard for Welded and Seamless-*Wrought Steel Pipe, ASME B36.1(

pbsed engine generator assemblies shall' have ventilation designed to minimize

ation openings shall be arranged-to minimize exhausted gasses or vapors from
I cooling inlet air stream.

pressure fuel lines operating at pressures greater than 103 kPa (15 psi) shal
g and tubing or wmetallic flexible hose suitable for the intended use ang
B 510°C (950°F)\melt temperature. Flexible nonmetallic hose with fire sleeve
n gas turbing applications if found to be equivalent after additional investigati
nd tubing,employed as high pressure gas conduit system with a pressure of §

F1120,or ULC/ORD-C536 / UL 536 and be capable of withstanding pressure
maximum rated pressure for 1 minute. The enclosed area where the high pres

system is located’shall be ventilated from a clean source of air.

accumulation of flammable vapors-or gases during equipment operation or whrn

king, the 10-

em pressure
shall comply
M.

e possibility
shut down
entering the

be made of
capable of
may be used
bn. Stainless
50 kPa (125

ter shall-eomply with CSA B51 / ASME B31.3. Metallic flexible piping shall comply with ISO

equivalent to
sure gas fuel

53.1.4 Tapped holes for gas valves, pilots or other branch supply lines shall carry not less than 3-1/2
taper pipe threads in accordance with ASME B1.20.1.

53.1.5 Formed supply piping shall have all bends smoothly made without any appreciable reduction in
the cross-sectional area, shall reveal no imperfections occasioned by the forming process, shall be
annealed where required to remove internal stresses, and shall be thoroughly cleaned inside to remove
loose particles.

53.1.6 Ends of piping and tubing shall be carefully reamed to remove obstructions and burrs.

53.1.7 Copper tubing or tubing with internal copper surfaces, when used for conveying low pressure fuel
gas, shall be internally tinned or equivalently treated to resist sulphur corrosion.
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53.1.8 Fuel lines subjected to vibration and movement shall be provided with flexible fuel line or flexible
coupling to prevent damage to the line or connected components. If flexible steel tubing, piping hoses, and
connectors are used to connect the engine to the natural gas fuel supply system, it shall be constructed of
(316/316L Stainless Steel).

In the United States, if a rubber flexible coupling is used to connect the low pressure natural gas supply
(less than 1 psi) to the engine it shall comply with UL 21.

In Canada, CSA B149.1 requires the use of metal flexible connections for this application.

53.1.9 Non-ferrous tubing employed as low pressure gas conduit shall have a wall thickness in
accordance with-Table-53 1

53.1.10 Nohmetallic low pressure natural gas flexible hoses and fittings shall be subjécted o the Volume
Change and|Extraction Test, Section 85, the Vibration Test, Section 86, Aerostatic.Leakage|Test, Section
87, and the Hydrostatic Strength Test, Section 88.

Table 53.1
Minimum wall thicknesses for nonferroustubing

Outside diameter Minimum wall thickness
mm (Inch) mm (Inch)
32 (1/8) 0.51 (0.020)
438 (3/16) 0.64 (0.025)
q.4 (1/4) 0.74 (0.029)
79 (5/16) 0.74 (0.029)
95 (3/8) 0.81 (0.032)
1.1 (7/16) 0.81 (0.032)
12.7 ¢1/2) 0.97 (0.038)
14.3 (9/16) 0.97 (0.038)
15.9 (5/8) 0.97 (0.038)
19.1 (3/4) 1.14 (0.045)
2.2 (7/8) 1.14 (0.045)

53.1.11 Gap supply piping shall be rigidly supported.

53.1.12 Compounds used o threaded joints of gas piping shaltbe resistantto the action of liquefied
petroleum gases.

53.1.13 Unions in gas lines shall be of the ground-joint or flanged-joint type including a gasket resistant
to the natural gas and intended for the temperature to which it is exposed. High pressure fuel systems are
constructed of metallic pipes, tubes or elements such as Bourdon tubes within a gauge, bellows or spirals,
with joints not subject to disconnection during routine maintenance and made with pipe threads, welding,
or metallic compression fittings shall be considered to have no normal fuel release but limited abnormal
fuel release.

53.1.14 A 3.175 mm (1/8 inch) N.P.T plugged tapping, accessible for test gauge connection, shall be
furnished for measuring inlet gas pressure to the unit. The plug used shall not be of the slotted head type.

53.1.15 Aluminum tubing shall not be:
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a) Exposed to condensate;

b) Used if it passes through insulating material of other than neutral reaction, unless the tubing is
protected from the insulation; or

¢) Used for water connections.

53.2 Synthetic rubber material parts

53.2.1

A synthetic-rubber part, in contact with gas fuel shall not show excessive volume change or loss

of weight when evaluated on the basis of its intended function, following immersion for 70 hours in the test
liquid specified in Table 53.2.

Table 53.2
Test fluids for synthetic rubber materials

Fuel gas in contact with part Test liqaid
Manufactured, natural fuel gases, and LP-Gas IRM Oil No. 903 (ASTM D471) and n-Heéxane
Caustic, cprrosive, toxic (biogas), digester/landfill gas 2% vol. fraction H,S/5%vol. fraction CO,/93%vd|. fraction CH,4
Cayistic, corrosive, toxic (wellhead gas) 5% vol. fraction €15S/5%vol. fraction CO,/90%vd. fraction CH,
Caustic, corfosive, toxic fluid (Diesel Exhaust Fluid, DEF) Fluid handled
53.2.2 A chpnge in volume of not more than 25 percent swelling or 1 percent shrinkage, and a weight

loss (extractig

53.2.3 A pd
evidence of d
and a temper

53.3 Naturg

53.3.1 Natu
53.3.2 Natu
shall not be
which shall g
ASTM F1120
its maximum

n) of not more than 10 percent is considered as indicating compliance with 53.2

rt made of synthetic rubber which(is affected by aging shall not crack or
eterioration following exposure for 96 hours to oxygen at a pressure of 2.07 M
pture of 70°C (158°F).

| gas boosters
ral gas booster pump‘components shall be suitable for the intended application.

ral gas booster-pumps shall be protected against the effects of normal vibratiq
igidly connected to the gas supply piping at the inlet and outlet by flexible m
omply.with CSA B51 / ASME B31.3. Metallic flexible hose shall comply with
or, ULC/ORD-C536 / UL 536 and capable of withstanding pressure equivalent
ratedpressure for 1 minute.

1.

show visible
Pa (300 psi)

n in service,
etallic piping
ISO 10380,
to five times

53.4 Gas flow controls

53.4.1

53.4.1.1

General

operation, gas flow to the engine when it is shutdown.

No control shall be furnished on an engine generator assembly which allows, by manual

53.4.1.2 An automatic engine shutdown sensor and/or programmable control shall be provided to detect
when the engine is shutdown.

53.4.1.3 The automatic engine shutdown sensor and/or programmable control shall cause the automatic
safety shutoff valve to close in the event the engine is shutdown or is required to shut down in a fault
condition.
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53.4.1.4 The automatic engine shutdown sensor and or programmable control operation shall be
evaluated to Section 89, Fuel Valve Position Flow Control Test.

53.4.2 Automatic valves and automatic safety shutoff valves (ASSV)

53.4.2.1 All gas to the engine shall pass through at least one automatic valve and one automatic safety
shutoff valve. The valves shall be in series and may be in a single control body and shall be located
upstream of any flexible connectors in the fuel system within the generator assembly. Where there are
fuels that may include particulate matter, the fuel system shall be provided with filtering upstream of the

safety shutoff valve to prevent degradation of fuel valves.

53422 A

a) Sh
than
progr

b) Sh
c) Sh

53.4.2.3 Anf
a) Op

b) Cd
reaso

c) Be

d) Be

A zero gover
requirementg

53.4.24 Al
requirements
following:

a) No
upon

tomatic cafofy shutoff valve (AQQ\/):

bl close upon shutdown or failure conditions, to automatically stop the flow.of g
P seconds. The valve closes upon command from the automatic enginé shutdg
bmmable control.

bll be of the type that fails closed.

bl be 100,000 cycle endurance tested.

automatic valve shall:
erate each time there is a call for fuel;

mpletely stop the flow of gas within less than;2 seconds of the engine shutting
n;

of the type that fails closed; and

100,000 cycle endurance tested.

hor regulator may serve(as'the automatic valve if they are found compliant with
in53.4.24.

tomatic valveg~ and automatic safety shutoff valves shall comply with tf
in ANSI 2214217 CSA 6.5 or CSA C22.2 No. 139/ UL 429/ UL 428A / UL 428H

rmally-closed electrically/pneumatically operated automatic safety shutoff valv
zeroweurrent flow;

as within less
wn sensor or

down for any

the reference

e applicable
including the

ps shall close

b) Normally closed gas operated automatic safety shutoff valves shall close upon pressure failure

to the

valve operator;

c¢) Shall be 100,000 cycle endurance tested; and

d) The valve shall not utilize inlet fuel gas pressure/flow through the valve or an external power
source for closure.

53.4.3 Gas

53.4.3.1

appliance pressure regulators

A gas appliance pressure regulator shall be supplied with each engine generator.
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53.4.3.2 Gas appliance pressure regulators, including vent limiters when so equipped, shall comply with
the applicable provisions of ANSI Z21.18 / CSA 6.3, UL 252, ULC-C252, UL 1337, or ANSI/AGA
NGV3.1/CGA NGV 12.3.

53.4.4 Bleeds and vents
53.4.4.1 The gas appliance pressure regulator shall be equipped with either a vent line or a vent limiter.

53.4.4.2 A diaphragm type automatic valve incorporating an external bleed shall be equipped with a
bleed line.

53443 An autunlat;u Dafcty \VA>) It VG:VC Dha:: uunlp:y VV;th 53.42 a”d thU |cqu;|cn|c||ta Uf I\quSI 22121 /

CSA 6.5 0or CBA C22.2 No. 139/ UL 429.
53.5 Naturgl gas pressurized containers/receivers

53.5.1 A fugl container/receiver shall be a pressure vessel constructed,tested, and gr marked in
accordance With:

a) Thg ASME Boiler and Pressure Vessel Code, Section VIII; or

b) Theg construction shall meet the following requiremenis of the Specifications of thg Department
of Transportation (DOT) CFR Title 49, Part 571.304.for compressed natural gas fliel container
integrity:

1) The burst pressure shall not be less than 2.25 times the service pressure fof non-welded
containers;

2) Shall not be less than 3.5 times the service pressure for welded containgrs and shall
comply with CSA B51 / ASME*B31.3; and

3) The burst test pressure shall be maintained for a minimum of 10 seconds

c) ASME receivers, if used, shall be stamped that they have been designed, constructed, and
tested| as required by Section VIII, Division 1, “Pressure Vessels,” of the ANSI/ASME Boiler and
Presstire Vessel Codé.

53.5.2 A fugl containéris'not prohibited from being fixed to or removable from the generator|set.

53.5.3 An ASME fuel container shall have a designed working pressure of 2.15, 2.36 or 2.60 MPa (312,
343, or 375 péi).Jt shall be marked with the ASME "U" symbol and the design working pressure.

53.5.4 A metal plenum in the low pressure fuel circuit shall be located after the safety shutoff valves and
shall comply ASTM A179 / A179M.

54 Bio-Gas and Well-Head Gas
54.1 Bio-gas and well-head gas flow controls shall comply with 53.4.

54.2 Steel pipe and fittings employed as gas conduit on an engine generator shall comply dimensionally
with ASME B36.19M and ASME B31.4 and be constructed of 316 or 316L stainless steel as require by
ANSI/CSA B149.6.

54.3 Formed supply piping shall have all relaxed bends smoothly made without reduction in the cross-
sectional area smaller than 85 percent of the unbent area. The bends shall reveal no imperfections
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occasioned by the forming process, shall be annealed following the bending process to remove internal
stresses, and shall be thoroughly cleaned inside to remove loose particles.

54.4 Ends of piping and tubing shall be free of obstructions and burrs.

54.5 Piping and tubing subjected to vibration in service shall not be directly connected to fuel supply
systems. Flexible steel (316/316L SS) tubing/hoses shall be used to connect the engine to the fuel supply
system in accordance with 54.6.

54.6 Type 316 stainless steel flexible metallic hoses and connectors compliant with 53.1.3 shall be used

to protect against damage caused by corrosion, settlement, vibration, expansion, and contraction. Non-
flexible fuel piping-andiubinag-shallbe supported-adiacent-to-flexible-metallic-hoses
LGS I P 7 T

54.7 Gas slpply piping shall be rigidly supported.

54.8 Nonmgtallic gas fuel gaskets, fluid housings, and hoses shall be:
a) Repistant to the intended fuel as specified in Table 53.2 at the operating temperature; or

b) Supjected to the Volume Change Test of UL 157 or ASTM D474.

549 Gas appliance pressure regulators, including vent limiters shall comply with the applicable
provisions of UL 252, ANSI Z21.21, ANSI Z21.18 / CSA 6.3 or ANSI Z21.80 / CSA 6.2, and shall
additionally qgomply with Table 53.2.

5410 The gas appliance pressure regulator shall be*egquipped with either a vent line or a vent limiter.

5411 A digphragm type automatic valve incorporating an external bleed shall be equipped with a bleed
line.

54.12 Automatic valves used in vents shall comply with UL 429/ CSA 6.3.
55 Multi-Fyiel Systems

55.1 Units that are rated to-operate with multiple fuel types shall comply with the requirenents for each
of the rated flel types and-shall comply with the applicable requirements of Section 48, Fuel Systems, and
NFPA 37.

56 Exhausr Systems

56.1 The exhaust system shall be supported at least 76.2 mm (3 inches) clear of flammable materials,
excluding flexible mountings, and at least 50.8 mm (2 inches) clear of fuel and electrical-system parts and
shall not be subject to drippage of fuel, oil, or grease. Reduced spacings (minimum 12.7 mm) are
evaluated for compliance during the Temperature Test, Section 58.

56.2 When an engine generator is rated for one or more of the following fuel types: gasoline, liquified
propane (LP), and/or natural gas (NG), its exhaust system and muffler if provided shall conform with the
test requirements in Section 64, Muffler Tests.

56.3 When a unit is provided with a partially installed or incomplete exhaust system, the information in
96.4(t) shall be provided.
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56.4 Exhaust systems and components that are intended to be run through building structures shall
comply with ULC/ORD-C959 / UL 2561 or ULC-S629 / UL 103.

56.5 Exhaust systems and engine exhaust hot sections that

incorporate thermal

insulation

blanket/barrier component materials shall comply with the thermal insulation 20-mm (3/4-inch) flame test

of 103.4.

PERFORMANCE

57 General

be conducted

57.2 Areprgsentative sample of a unit shall be subjected to the tests described in Sections §

57.3 A unit
dual frequend
conducted at

Exception: Fq
Section 58, is

57.4 In prej
output circuits

58 Temperature Test

58.1 The g¢g
damages req
required ther|
where such
temperatures
be greater tha

@s not continue to meet the requirements in intended usage, such supplementg

specifically in this Stand

as applicable.

y rating such as 50/60 hertz or a frequency range stich as 50 — 60 hertz, te
the worst case frequency or frequency at which highest rated current is produce

r a unit marked with a dual frequency rating or-a frequency range, the Tempe
to be conducted at the worst case frequency:

aration for testing, the unit is to begconnected to the fuel supply and electri
as defined in the product ratings and installation instructions.

nerator assembly is to be tested at full rated load. Parts shall not attain a tem
Lired corrosion protection, adversely affects operation of safety controls, impairs

jamage to the ‘material or part results in a risk of fire or personal injury. Th
at specifie-pints, corrected when applicable in accordance with 58.3 and with 5
n those specified in Table 58.1 and Table 58.2 unless otherwise indicated.

+as described
lordance with

dures that a
ry tests shall

)8 — 84.

Mmarked with one frequency rating is to be tested at that frequency. For a unit nparked with a

5ts are to be
.

ature Test of

tal input and

perature that
5 the value of

Mmal or electrical \insulation, or results in creeping, distortion, sagging, or similar damage

e measured
8.8, shall not

Table 58.1
Surface temperature limits
Composition of surface?
Metal Nonmetallic
Location °C (°F) °C (°F)

Handles or knobs that are grasped for holding 50 (122) 60 (140)
Handles or knobs that are contacted and do not 60 (140) 85 (185)
involve holding; and other surfaces subject to contact

and user maintenance

Surfaces subject to casual contact® 70 (158) 95 (203)

Table 58.1 Continued on Next Page
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Table 58.1 Continued

Composition of surface®

Metal Nonmetallic
Location °C (°F) °C (°F)
Lighting Fixture and heating elements located in areas 200 (392) 200 (392)

that may be subjected to contact with leaking, dripping
or spraying flammable fluids or gasses.

@ A handle, knob, or similar device, made of a material other than metal that is plated or clad with metal having a thickness of
0.127 mm (0.005 inch) or less is judged as a nonmetallic part.

b See the Exception to 58.3.

Table 58.2
Temperature limits
Insulation class, materials and components °C (°F)
A. Generatof, alternator, and motor
1. Clgss A (105) insulation systems on coil windings of alternators and
geferators:
Thermocouple method 1052 (221%)
Resistance method 115 (239)
2. Clgss E (120) insulation systems on coil windings of alternators.and
geferators:
Thermocouple method 1158 (239%)
Resistance method 125 (257)
3. Clgss B (130) insulation systems on coil windings.of alternators and
geferators:
Thermocouple method 125° (257%)
Resistance method 135 (275)
4. Clgss F (155) insulation on coil windings of alternators and generators:
Thermocouple method 150 (302)
Resistance method 160 (320)
5. Clgss H (180) insulation on coil windings of alternators and generators:
Thermaeouple method 165 (329)
Resistance method 175 (347)
6. Clgss N (200) insulation on coil windings of alternators and generators:
Thermocouple method T80 (356)
Resistance method 190 (374)
7. Class R (220) insulation on coil windings of alternators and generators:
Thermocouple method 195 (383)
Resistance method 205 (401)
B. COMPONENTS
1. Capacitors:
a Electrolytic types 65° (149°)
b Other than electrolytic 0P (194°)

Table 58.2 Continued on Next Page
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Table 58.2 Continued

Insulation class, materials and components °Cc (°F)
2. Field Wiring Terminals 75° (167°)
3. Vulcanized fiber employed as electric insulation 90 (194)
4. Plated bus bar 1054 (2219
5. Unplated bus bar and a joint 75¢ (1679
6. Transformer, relay, contactor, valve solenoids, and similar components
insulation systems:
a Class 105:
Thermocouple method 90? (194%)
Resistance method 95 (203)
b |Class 130:
Thermocouple method 110° (2309)
Resistance method 120 (248)
¢ |Class 155:
Thermocouple method 135° (275%)
Resistance method 140 (284)
d [Class 180:
Thermocouple method 1502 (3022)
Resistance method 160 (320)
e |Class 200:
Thermocouple method 165° (329?)
Resistance method 175 (347)
f. |Class 220:
Thermocouple methad 180° (356%)
Resistance method 190 (374)
7. Phgnolic composition employed as electrical insulation or as a part the 150° (302°)
deterioration of which results in a risk of fire or electric shock
8. Wopd and otherncombustible material 90 (194)
9.  Rufber- orthermoplastic-insulated wire and cord 60°f (140°%)
10.  Othehtypes of insulated wires g g
11.  Asurface upon which a generator is to be mounted in service, and surfaces 90 (194)
that are adjacent to the generator when so mounted
12.  Any point on or within a terminal box or compartment of a generator on which 60° (140°)
field-installed conductors rest
13.  Thermoplastic sealing compound h h
14.  Selenium rectifier 75" (167%)
15.  Power semiconductor j j
16.  Printed-wiring board k k
17.  Fuel
a Gasoline or diesel fuel in a fuel tank 75 (167)

Table 58.2 Continued on Next Page
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Table 58.2 Continued

Insulation class, materials and components °C (°F)

b LP-gasin a fuel tank

18.  Sealing compound 340°C (140°F) less than melting point

@ At a point on the surface of a coil where the temperature is affected by an external source of heat, the temperature measured by
means of a thermocouple is not prohibited from being 5°C (9°F) higher than that specified when the temperature of the coil as
measured by the resistance method is not more than specified.

® A capacitor that operates at a temperature of more than 65°C (149°F) for electrolytic and more than 90°C (194°F) for other types
is not prohibited from being judged on the basis of its marked temperature limit.

¢ The temperature observed on the termmals and at pomts within a field wmng compartment of a generator shall not attain a
temperature highe i ; i
based upon the field wmng insulation temperature marklng as required by Table 96 3

measure the
num

4 For a low vol
temperature si

tage generator output bus bar having a current density in accordance with 23.5.2, it is not required to|
hce it has characteristics which result in temperatures not exceeding the indicated values. The maxi

temperature is
material, or 10

¢ The tempera
has been invey

f A short length
temperature of
dielectric prop{

9 The maximur]

P The sealing g
accordance wi

" A temperaturg
insulating matg

specified by th
K For a printed-

I For a power-gwitching semiconductor or similar device, the teniperature limit on the case is the maximum case ter]

determined by the temperature limit of the busbar support material, busbar insulating material, adjag
D°C (212°F) temperature rise for plated busbar material and 75°C (167°F) for unplated-busbar, which

ure limitations on phenolic composition and on rubber and thermoplastic insulation|do not apply to a
tigated and found to have the required heat-resistant properties.

of rubber- or thermoplastic-insulated cord inside the generator is not prohibited from being exposed
more than 60°C (140°F) when supplementary insulation intended for thé measured temperature an
rties is employed on each individual conductor.

h temperature is not to exceed the temperature limit of the wire €xcept as noted in footnote f.

h ASTM D1525.

limit of 85°C (185°F) is not prohibited when the stack assembly is insulated with phenolic compositi
rial intended for a temperature of 150°C (302°F).

b semiconductor manufacturer.
wiring board, the temperature limit is the specified limit of the board.

' Temperature

working pressyre of an ASME container or 120 percent of the minimum service pressure of a DOT fuel container.

hall not exceed that which raises the pressure within an LP-gas container to more than 80 percent g

lompound temperature limit is 15°C (27°F) less than the softeqing point of the compound as determined in

ent part
ever is lower.
compound that

toa
I of adequate

bn or other

hperature

f the design

58.2 A temperature is determined to be constant when 3 consecutive readings taken at i
percent of the previously elapsed duration of the test, and not less than 15 minutes, indicat

htervals of 10
B no increase

greater than R°C (4°F).

58.3 During the Tempeérature Test, the temperature of a surface that is capable of being comtacted by the
user shall n¢t be more than the value specified in Table 58.1. When the test is conducted at a room
temperature pf other than 25°C (77°F), the results are to be corrected to that temperature.

Exception: A unit is not prohibited from exceeding the temperature limits specified for surfaces subject to
casual contact in Table 58.1 when itis:

a) A fixed unit so that the risk of contact by people is reduced;
b) Marked as required by 94.5; and

¢) Provided with instructions as specified in 96.4(i).

58.4 With reference to 58.1, the test conditions for a generator having a 120/240 volt, single-phase
output shall include maximum unbalanced load capability of the unit in accordance with the marking
described in 91.2(b).

58.5 A thermocouple junction and the adjacent thermocouple lead wires are to be held securely in
thermal contact with the surface of which the temperature is being measured.
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58.6 Coil and winding temperatures are to be measured by thermocouples located on exposed surfaces,
or by the resistance method. In a generator, the thermocouple is to be mounted on the integrally applied
insulation of the coil wire.

58.7 When the temperature of a winding is to be determined by the resistance method by comparing the

resistance of the winding at a temperature to be determined with the resistance at a known temperature
according to the formula:

R
T= 7(k+l‘)—k

In which:
T is the temperature of the winding in degrees C
R is the resistance of the coil at the end of the test in ohms
ris the resistance of the coil at the beginning of the test in ohms
tis thg room temperature in degrees C at the beginning of the test

k is 234.5 for copper, 225.0 for electrical conductor grade/(EC) aluminum. Values of|the constant
for other conductors are to be determined.

The winding if to be at room temperature at the start of the_test.

58.8 All temperature limit values in Table 58.2 are based on an ambient air temperature of [25°C (77°F).
However, tesl{s are not prohibited from being conduicted in other ambients as described in Tahle 58.3 when
measured temperatures are corrected by subtracting the test ambient, and then adding the rated ambient
for compliande, to the measured temperatures: Low voltage bus bars shall comply with notg (d) of Table

58.2.

Table 58.3
Permitted test ambient
Ambient air temperature rating of unit Test ambient air temperature
1.25°C (77°F) Range of 10 —40°C (50 — 104°F)
2. Range of 25 }- 40°G(Z7 = 104°F) Range of 20 —40°C (68 — 104°F)
3. Above 40°C {104<F) Rated ambient®

@ Allowable toleramnces are as fottows:
Minus — not less than 5°C (9°F) below rated ambient.

Plus — not specified.

58.9 When a unit is rated for an ambient air temperature higher than 25°C (77°F), the rating shall be
indicated in the instruction manual in accordance with 96.4(j).

58.10 Thermocouples are to consist of wires not larger than 24 AWG (0.21 mm?) and not smaller than 30
AWG (0.05 mm?). When thermocouples are used in determining temperatures in electrical equipment, it is
common practice to employ a temperature-indicating instrument with thermocouples consisting of 30 AWG
iron and constantan wire. Such equipment is to be used wherever reference temperature measurements
by thermocouples are required. The thermocouples and related instruments are to be accurate and
calibrated in accordance with standard laboratory practice. The thermocouple wire is to conform with the
requirements listed in the Tolerances on Initial Values of EMF versus Temperature tables in ASTM E230.
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58.11 Measuring the temperatures of components or conductors operating at medium voltage using
thermocouples is inherently dangerous. Other methods may be employed to reduce the hazards, such as
testing the medium voltage circuits and equipment with the same current but at a lower voltage or use of
temperature measurement equipment not affected by the medium voltage.

59 Dielectric Voltage-Withstand Test

59.1 The test potential specified in 59.4 is to be obtained from any convenient source having a capacity
of at least 500 volt-amperes. The capacity is not prohibited from being lower when a meter is located in the
output circuit, and the test potential is maintained except in case of breakdown. The voltage of the source
is to be continuously adjustable. Starting at zero, the applied potential is to be increased at a rate of 200

volts per sec

nd until the required test value is reached

59.2 Direct
rms value of

59.3 Printe
of the test p
rendered ing
subassembly
the unit befo
secondary ci

59.4 While

withstand without breakdown the application of a sinusoidal potential of 1000 plus twice rateq

59.5) at a fi
generator) cu

Exception: Fi
alternating c

59.5 With

based on th¢ phase-to-ground voltage rating. The test potential for other points involving

circuit is to
whichever is

Exception: T

59.6 Thetg
or the rated

current potential is to be used for an ac circuit. A test potential of 1.414 times {
plternating-current voltage specified in 59.4 is to be applied.

H-wiring assemblies and other electronic-circuit components that-are’damaged
ptential or that short-circuit the test potential are to be removed, disconnected
perative before the dielectric voltage-withstand tests are“made. Testing a n
instead of an entire unit is not prohibited. Individually shunting the semicondug
re the test is made to avoid destroying them in the case of a malfunction elss
Fcuits is not prohibited.

at operating temperature, the low voltage dc.and when provided, dc power

equency in the range of 40 — 70 hertz>applied for 1 minute between out
rrent carrying parts and dead metal parts.

Dr a dc circuit, either an alternatjng-current or a direct-current potential is to be u
irrent potential is used, the poteritial is to be the value indicated above, divided B

eference to 59.4, the test-potential between ac power circuits and dead metal

be based on the phase-to-phase voltage rating or the voltage rating of the
greater.

his test do€s not apply when the voltage potential is less than 30 volts (RMS).

st patential for medium voltage circuits shall be the appropriate test potential fro
ielectric voltage rating, whichever is higher.

he applicable

Dy application

or otherwise
epresentative
tor devices in
ewhere in the

circuits shall
| voltage (see
but (including

sed. When an
y 1.414.

parts is to be
the ac power
other circuit,

m Table 69.1,

60 Harmonic Distortion Test

60.1

When tested as described in 60.2, the total rms of the harmonic voltages, excluding the

fundamental, delivered by a generator shall not exceed 5 percent of the fundamental rms output voltage
rating, for Class | circuits, 20 percent for Class 2 circuits and 30 percent for Class 3 circuits and the rms
voltage of any single harmonic shall not exceed 15 percent of the nominal fundamental rms output voltage
rating for Class 3 circuits.

60.2 With reference to the requirement in 60.1, the generator is to be connected to a linear load having
an adjustable impedance so the generator is able to deliver power at rated power factor. The
measurements are to be made at open circuit and with the generator delivering 50 and 100 percent of
rated power.
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60.3 Exceeding the output voltage distortion levels of 60.1 is not prohibited when the unit is intended for
use with a specific load device and is so marked in accordance with 93.19. The Temperature Test, Section
58, shall be conducted using the specified load. The temperature on the load shall not exceed the
intended values applicable to the load equipment involved.

60.4 Exceeding the output voltage distortion levels of 60.1 is not prohibited when the unit is intended for
use with a specific type of device and is so marked in accordance with 93.19. The instruction manual shall
contain the information described in 96.4(r) when a specific type of device is used.

60.5 Exceeding the output voltage distortion levels of 60.1 is not prohibited when the temperatures
measured on loads supplied by the non-sinusoidal waveform do not exceed the temperatures measured

o

© a

-

using the sin
to the load equipment involved.

s applicable

61 Output Yoltage And Frequency Fluctuation Test
61.1 When
nominal outp

frequency rat

prcent of the
minal output

tested as described in 61.2, the output voltage shall be withim 90 to 110 pg
ut voltage rating and the frequency shall be within 91 to, 108 percent noj

ng.
61.2 With rgference to the requirement in 61.1, the generator is t0cbe connected to a linea
an adjustabII impedance so the generator is able to deliverypower at rated power fac
generator in a steady state condition, fluctuation measurements*are to be made at open cir
the generator|delivering 50 and 100 percent of rated power.

r load having
or. With the
cuit and with

62 Blocked Inlet Test

62.1 The gs
Section 58. W
This is to be

open area, ar
the restriction
alarm is activ.
or enclosure

bnerator assembly shall be arranded for testing as described for the Temp
hen operating at maximum rated_capacity, the circulator air flow is to be gradug
hccomplished by gradually bloeking the circulating air inlet openings; first to on
d then to complete blockage-of the inlet grill area. The test is to be continued, U
s, until equilibrium conditions are attained, the product shuts down or for 5 min
bted. There shall be o burning, charring, smoke, or other evidence of damage t
which creates a risk of fire or personal injury with continued use. The product is

crature Test,
lly restricted.
b half of their
nder each of
ites after the
b the product
not required

to be operablg following the test.

Exception: THis test is-notrequired for open type generator assemblies.

63 Intake Afr Filter and Intake Backfire-Deflector Test

63.1 Electrical and or mechanical failures of an engine can result in intake backfire conditions. Backfires
can occur on reciprocating four cycle engines. An air filter and backfire deflector under backfire conditions
shall contain a visible flame front within its confines and shall not be displaced, physically damaged or
distorted or show evidence of burning or smoldering of internal parts.

Exception: This test is not required for generator assemblies that employ diesel engines and gas turbine
engines.

63.2 A backfire test shall be performed on a representative engine intake assembly including the backfire
deflector and combustion air filter, oil-treated or dry-element type, connecting hoses, and fittings. Backfires
in the intake system shall be created and verified. During this test, the intensity of the backfire and the
issuance and extent of the accompanying flame are to be noted.

NOTE: Intake backfires can be created by causing ignition sparks to occur before the intake valve closes.
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63.3 The backfire deflector and combustion air filter are then to be installed on the engine in the intended
location.

63.4 The engine is then to be operated in the several manners determined in the preliminary test to
provide for the most severe backfire conditions. At least ten and not more than twenty severe backfires are
to be produced.

63.5 Observation for containment of flame are to be made under semi-darkened conditions by a
minimum of two observers. No visible flame is to be in evidence at any time during the tests.

63.6 A dry-type filter element is to be tested in the above manner and a separate sample is to be
subjected to g S a1l - en the flame
source is removed, a f||ter med|a shall not contmue to burn or smolder

Exception: This test is not required for filter elements used on engines that do not backfire when tested as
described in 63.2.

64 Muffler[Tests
64.1 As reduired by 56.2, a complete engine exhaust assembly is to be used for this test.

64.2 The gngine is to be continuously operated until the enginhe is in a heated state.|This state is
assumed to |have been reached when the exhaust manifold:has been heated to approximately 315°C
(600°F).

Exception: I the exhaust manifold temperature of 315°C (600°F) is not reached, the engine shall be
operated for po less than 10 minutes.

64.3 Ten exhaust backfires are to be created for this test. Some methods of achieving exhaust backfires
include:

a) Digabling the ignition system’while the engine is running so as to fill the exhaust with an air fuel
mixtufe, then re-enabling.the ignition to ignite the fuel in the exhaust system; or

b) Altering spark ignition timing or similarly creating a condition allowing uncombusted fuel to enter
the exhaust system'and energizing an auxiliary spark plug in the exhaust system to ighite the fuel.

64.4 As a fesult_of-the ten exhaust backfires, the muffler and exhaust piping of the engjne generator
assembly shall not rupture.

65 Neutral to Ground Potential Measurement Test

65.1 In accordance with 19.1.7, a generator having a lead or terminal identified as a grounded circuit that
is not grounded at the unit itself is to be subjected to this test. The generator is to:

a) Operate with no load connected to the output ac terminals; and

b) Deliver maximum rated output alternating current into a load.

The electric energy available between the grounded conductor of the ac output circuit and ground shall not
produce a risk of electric shock (see Section 9, Electric Shock).
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66 10-Day Moist Ammonia-Air Stress Cracking Test

66.1 After being subjected to the conditions described in 66.2 — 66.5, fuel-confining brass parts
containing more than 15 percent zinc shall show no evidence of cracking when examined using 25X
magnification.

66.2 A test sample shall be subjected to the physical stresses normally imposed on or within a part as
the result of assembly with other components or with tubing or piping. Such stresses shall be applied to
the sample prior to and maintained during the test.

66.3 Female pipe-threaded ends are to be engaged with brass plugs or fittings tightened to prevent

leakage.

66.4 Three
a moist amm|
inches) havin

66.5 A 600
at the bottom

inch) above tl

in the chamb
67 Salt Spr

67.1 The cg
samples shal

67.2 Specimens of the material are to be supported vertically and exposed to salt spray

hours in acco|
68 LP-Gas

68.1 An LP
withstanding

68.2 For thi
the manufact
measured by

hy Test

samples are to be degreased and then continuously exposed in a set paosition f
onia-air mixture maintained in a glass chamber 305 by 305 by 305-mm (12
j a glass cover.

ml (20 fluid ounces) of aqueous ammonia having a specific gravity of 0.94 is mai
of the glass chamber below the samples. The samples are to’be positioned 38
e aqueous ammonia solution and supported by an inert tray. The moist ammon
ris to be maintained at atmospheric pressure and at,.a‘temperature of 34 £2°C

rrosion resistance of a metallic material is.t6 be determined in accordance w|
show no signs of deterioration or corrosion.

rdance with ASTM B117.
Container Load Tests

-Gas fuel containér-shall be secured in place on the product in a manne
oadings in any direction equal to four times the filled weight of the container.

5 test, thescontainer is to be empty of fuel and is to be so secured in the manns

gauges or weights.

69 Impulse
69.1

69.1.1

br 10 days to
by 12 by 12

ntained to be
.1 mm (1-1/2
a air mixture
03 £3.6°F).

th 67.2. The

(fog) for 50

I capable of

r covered by

urer's instructions. Loadings are to be applied in any convenient manner capable of being

‘Withstand Tests

General

This Section shall be applied as referenced or required by other portions of this Standard. This

test shall be performed for each generator construction considering: distribution of charge, including
location of any ground plane; changes in proximity of medium-voltage parts to grounded parts, other
medium-voltage parts or low-voltage parts and shape of busbars and other medium-voltage parts.

NOTE: The results of this test are typically affected by the distribution of charge, location of any ground plane and shape of live parts.
Sharp points such as corners and edges of busbars, bolts, screws, or other hardware commonly affect the results of this test.

69.1.2 The Impulse Withstand Test is a design test intended to evaluate the rated insulation level
(impulse voltage withstand, or basic insulation level [BIL]) rating of a given generator field-wiring
compartment assemblvy desian. The medium-voltaae circuits of a previouslv untested aenerator field-
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wiring compartment assembly shall be capable of withstanding voltage impulses using a full-wave 1.2 x 50
microsecond impulse in accordance with IEEE 4 and having a crest value equal to or greater than the
rated impulse voltage of the equipment.

69.1.3 The test sample shall be subjected to a sequence of tests in accordance with 69.1.4 using one of

the following

test methods:

a) Method 1 (3 x 9 test procedure): This method is preferred for new tests. In each of these tests,
three positive and three negative impulses shall be applied to each phase individually without

causi

ng a disruptive discharge, except as noted in 69.2.

b) Method 2 (2 x 15 test procedure) This method is an alternate preferred test method for new

tests.

phasg

Some insula
when reversi

|nd|V|duaIIy without causmg a dlsruptlve discharge, except as noted in 69.2:

ing materials retain a charge after an impulse test, and for these cases,care sh
hg the polarity. To allow the discharge of insulating materials, the use.of appropr

such as the application of 3 impulses at about 80 percent of the test voltage in|the reverse [

the test, is re

69.1.4 The

a)Fo
are tg
groun
circui

b) Fof

impul
isolat
groun
undef

69.2 Evalu

69.2.1 The
non-self-rest
arrester is ag

69.2.2 Test
group of thre

commended.

sequence of tests shall be as follows:

Test 1, the isolating means is to be closed, all medium-voltage fuses and contrg
be in place, and the test voltage is to be applied between the medium voltage
d. For this test, all the input terminals are to-be connected together, and a
s are to be connected to ground during the test.

Test 2, the isolating means is to be open and an impulse voltage of 110 perce
5e withstand voltage is to be applied:in each phase individually between the ¢
ng means across the isolating gap. If the isolation means has provision for
ding its load side when in the fully opened position, the test voltage is to be v
Test 1.

ption

generator assémbly shall be considered to have passed the test if no disruptive]
pbring insulation occurs. A discharge that occurs through an integrally con
ceptable.

method 1, 3 x 9 test procedure: If a disruptive discharge occurs on only one te
e consecutive tests, nine more tests shall be made. If the equipment successfu

pplied to each

puld be taken
ate methods,
olarity before

| circuit fuses
terminals and
| low voltage

nt of the rated
bntacts of the
automatically
blue specified

discharge on

nected surge

st during any
lly withstands

all nine of the second group of tests, the flashover in the first group shall be considered a random
flashover, and the generator assembly shall be considered as having successfully completed the test.

69.2.3 Test method 2, 2 x 15 test procedure: The generator assembly shall be considered as having

successfully

completed the test if the following conditions are fulfilled:

a) Each group has at least 15 tests;

b) The number of disruptive discharges does not exceed two for each complete group; and

c) No disruptive discharges on non-self-restoring insulation occur. This is to be confirmed by 5
consecutive impulse withstands following the last disruptive discharge. This procedure leads to a
maximum possible number of 25 impulses per group.
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Table 69.1

Rated insulation levels for rated voltages

Dielectric withstand

Rated lightning
impulse withstand

WYE connection

Delta connection
Minimum CEV?

Rated line-to-line voltage, Uq voltage, U, Minimum CEV*
voltage, Ur Vims kV (peak value)
Test voltage kVims kVims
Vims Common value Test voltage
Column 1 Column 2 Column 3 Column 4 Column 5
0-750 1,000 V + (2 x rated voltage) Not applicable Not applicable Not applicable
751 -1,5p0 b 30U 0.9 1.6
1,501 — 2,400 b 45 1.8 31
2,401 - 4,200 b 60 35 6.1
4,201 -7,200 b 75 55 9.5
7,201 - 124000 b 85 8.5 14.7
12,001 — 13,800 b 95 10.5 18.2
13,801 — 18,000 b 110 14 242
18,001 — 28,000 b 125 19 329
28,001 — 34,000 b 150 26.4 45.9
34,001 — 46,000 b 200 34 58.8

applied.

@ Corona-extingtion voltage

® The test voltage shall be the rated dielectric withstand voltage assignéd,by the manufacturer, or 1000 V + (2 x ratgd voltage of
the generator), Whichever is greater. Alternatively, a DC test potentialof 1.7 (1000 V + 2 x rated voltage of the generptor) may be

70 Partial Qischarge (Corona) Test

70.1

based on the [use of insulation shall be-subjected to the Partial Discharge Test.

70.2 The ggnerator having (reduced spacing used for the partial discharge test shal

Generators with rated maximumsvoltages (U,) greater than 15 kV and having redyced spacing

have been

previously subjected to thelDielectric Voltage-Withstand Test, Section 59, and the Impulse Withstand
Tests, Sectio:L@. The Partial Discharge Test may be combined with the Dielectric Voltage-Withstand Test

if all the para

eters for'both applicable tests are met.

70.3 With tTe geperator field-wiring compartments installed and the isolating means cloped, the test

voltage shall

be.applied between each phase and ground with the other phases grounded.|The impulse

withstand or dielectric voltage-withstand test voltage shall first be raised to the rated short-duration test
voltage across the isolating distance of the isolating means value shown in Table 69.1 and held for no less
than 10 seconds. The voltage shall then be reduced to the minimum CEV (corona extinction voltage)
shown in Table 69.1 and held for one minute.

70.4 At the end of the one minute period, if the measured partial discharge level is 100 pC
(picocoulombs) or less, the equipment is considered to have passed the test.
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71 Abnormal Tests

711

71.1.1

General

A generator assembly shall not emit flame or molten metal or become a risk of fire, electric shock,

or injury to persons (see 71.1.3) when subjected to the tests specified in 71.1.2 — 71.5.1. Using separate
samples for conducting these tests is not prohibited.

71.1.2 Following each test, the Dielectric Voltage-Withstand Test, Section 59, is to be conducted. The
potential is to be applied across the points indicated in 59.4.

Exception:
Withstand Tg

71.1.3 Ari
a) Fl
by ign
b) Th

acces
Parts

c¢) Cracking, rupturing, or bursting of the battery case.er cover, when such damage 1

conta

d) Ex

71.1.4 Duri
generator as
the entire en

per pound), and having, for any 6.45 em?(1 square inch), a count of 32 threads in one direc

the other dire
71.1.5 The

71.1.6 Eac
When an auf]
a manual res
10 cycles us

S aR1ToTMa

mpletion of all abnormal tests is

st after co not prohibited.
k of fire, electric shock, or injury to persons exists when:

me, burning oil, or molten metal is emitted from the enclosure ofthe’generator
ition, glowing, or charring of the cheesecloth, untreated cotton,or tissue paper;

e insulation breaks down when tested in accordance with 71.1.2 or live pa
sible (see Section 8, Protection of Users — Accessibility of Uninsulated Live Parf
— and User Servicing);

ct with battery electrolyte; or

blosion of the battery supply where such.explosion results in a risk of injury to pe
ng these tests, on enclosed type: generator assemblies, all ventilating opg
tlosure. The cheesecloth is totbe untreated cotton cloth running 28 — 30 m%/kg (
ction.

enclosure of the.unit is to be connected directly to ground.

N test is to-be continued until further change, as a result of the test condition, dq
bmatically, reset protector functions during a test, the test is to be continued for 7
et pretector functions during a test, the test is to be continued until the protecto
ing.the minimum resetting time, and not at a faster rate than 10 cycles of

actric Voltage-

as evidenced

rts are made
s and Moving

esults in user

fsons.

tnings of the

sembly are to be covered with'a\single layer of cheesecloth or untreated cotton loosely over

14 — 15 yards
tion and 28 in

es not occur.
hours. When
Ir operates for
bperation per

minute. Ter

ination of the test occurs when:

a) Opening or shorting of one or more components such as capacitors, diodes, resistors, solid state
devices, printed-wiring board traces, or similar components;

b) Op

ening of the overcurrent protection device; or

c) Opening of an internal fuse.

Exception No. 1: When the manually reset protector is a circuit breaker that complies with CSA C22.2 No.
5/ UL 489, it is to be operated for 3 cycles using the minimum resetting time and not at a rate faster than
10 cycles of operation per minute.

Exception No. 2: A manual reset protector that becomes inoperative in the open condition shall be
operated between 10 cycles and 3 cycles.
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71.2 Overspeed test

71.2.1 The product prime mover shall be arranged for operation in its intended manner and is to be
operated under normal conditions with little or no external electrical load. An overspeed condition is to be
attempted. Common methods to introduce an overspeed include electrically or manually opening the
throttle valve. Compliant results, speed of the engine with no overspeed protection if the engine failure
does not expel/eject fragments based on the manufactures risk assessment. When overspeed protection,
such as an electronic or mechanical cut off switch (other than an electronic speed controller and throttle
governor actuator) is provided, the test shall be run at the maximum speed controlled by the overspeed
device. The test is to be conducted for a period of 1 minute. Alternatively the test for engines that
expel/eject fragments shall take into account protective measures during this test or the over speed failure
shall be a simulated fault signal injection input to the controls.

71.2.2 For yinits provided with electronic speed controllers for overspeed protection;-this |test shall be
performed with the electronic speed controller throttle governor actuator in the failed position or defeated.
Alternatively, [the test for engines that expel/eject fragments shall take into account)protective measures
during this test or the over speed failure shall be a simulated fault signal injection input to the ¢ontroller.

71.2.3 Therg shall be no evidence of fire or risk of personal injury as a resujt’of this test.

71.3 Output overload test

71.3.1  Gengrator winding temperatures shall not exceed theitemperature limits in Table 53.2. This test is
to be conducied after thermal stabilization is reached duringthe mode of operation that has ¢utput power.
While delivering maximum rated output power to an adjustable resistive load connected to {he output ac
circuit, the geherator is to be subjected to the overloadtest described in 71.3.2.

71.3.2 The ac load is to be increased in incremeénts of 10 percent of the maximum output rating and held
for 1/2 hour af each increment until:

a) Further change as a result of thé_test condition does not occur; or

b) Thg unit shuts down.
Thermal stabjilization is obtained with a load adjusted to result in maximum obtainable gutput power
without causing operation of o6vercurrent protective devices, followed by increased incremental loading as

described abgve. The nraximum overload magnitude and time duration are to be recorded.

71.4 AC output short circuit test

71.4.1 The generator is o be connected and operated as in the normal temperature test. While
operating, the AC output is to be shorted using an appropriately rated switch or contactor. Shorting is to
include from line to line and line to neutral. The short circuit application time, maximum fault current peak
and system response time duration are to be measured and recorded.

Exception: This test is not required to be conducted when the overcurrent protection device is rated no
more than 125 percent of the rated output circuit current and having a short-circuit interruption rating not
less than the maximum fault current available from the generator output tested.

71.4.2 If equipped with bus bars on the output, there shall be no damage to the bus bar mounting
supports during the AC output short circuit test.
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71.5 Component short- and open-circuit test

71.5.1

A component, such as a capacitor, diode, solid state device, or similar component connected in

the input and output alternating current and direct current power circuits are to be short- or open-circuited,

any two term

inals one at a time, during any condition of operation including startup.

Exception: This test is not required where circuit analysis indicates that no other component or portion of
the circuit is overloaded.

71.6 DC output short circuit test

71.6.1
a)Th

b) WH
or

c) Dir
and in

71.6.2 The
107.3 /UL 1}

71.6.3 Duri
shall be fully
specified in
connected.

Exception N¢.

a) An
than 1

b) Th
excee
Natio
are tg

Exception N

Thisrt

¥1.6.1 (b) and (c) are not prohibited from being combined into one test with

- ry lo <l ool + I"NH
Col1o U VT LUTNTUULITU UTT YTTITT AUl dooTITIVIITS.
bt have an integral battery charging circuit;

ose direct current output of the generator is intended to be used with-a.remote b

vestigated under the requirements of this Standard.

test shall be conducted in accordance with the requirements for DC circuits in C
78.

ng the tests described by 71.6.1 (a) and (c),-batteries intended to be used with
charged. During the test described by 71.6.1(b), batteries are not to be connec

1: A battery supply complies with the requirements when it complies with the f

overcurrent protection device is employed having a short-circuit interrupting n
he maximum fault current available from the battery supply; and

e maximum currént) from the battery supply during the reserve mode — see 71
d the ampacity.rating of the conductors connected to the batteries. Table 310.15
nal Electrical-Code, NFPA 70, and the Canadian Electrical Code, CSA C22.1,
be used-fordetermining conductor ampacity.

attery supply;

ect current power circuit of a remote battery supply/cabinet assembly for use with a generator

SA C22.2 No.

the generator
ed. The tests
the batteries

pbllowing:

ating not less

L 1 — does not
(B)(16) of the
requirements

. 2:_This test is not requ:red when the overcurrent protect/on device is rated
yption rating no

125 percent

maximum fault current avallable from the generator output tested.

72 Over-Temperature Protection — Overload and Endurance Operation Tests

721
subjected to:

ot more than
less than the

When incorporated in the generator assembly, a protective device shall comply with 72.2 when

a) An Overload Test consisting of making and breaking for 50 cycles of operation, at a rate of 6
cycles per minute, a current of 150 percent of rated value, at the rated voltage and power factor.

b) An Endurance Test consisting of making and breaking rated current, voltage, and power factor
for 1,000 cycles for a manual reset protector or 6,000 cycles for an automatic reset protector, at a
rate of 6 cycles per minute when the nature of the device allows this rate of operation.
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72.2 There shall be no electrical or mechanical failure of the device, nor undue burning or pitting of the
contacts.

72.3 The rate of operation indicated in 72.1 is not prohibited from being less than 6 cycles per minute
when the nature of the device does not permit faster cycling.

73 Grounding Impedance Test

73.1 In accordance with 21.8, when penetration of nonconductive coatings is not determined by
examination, a measurement of the grounding path resistance is to be made. The impedance at 60 hertz
between the point of connection of the equipment-grounding means and the metal part that is required to

be bonded tg grr\llnd shall-not be-—more-than-01 ohm-when-measured-in—accordance—with 73.2. The

resistance of

the equipment grounding conductor of a power supply cord shall not be (ihg

resistance mgasurement.

73.2 Compl
hertz source
voltage acros

a) The

b) The
74 Overcur

741 A fuse
26.9 shall mg
C22.2 No. 22

75 Battery

751 Ifame
is to be subje
hydrogen gas
by sampling

hours during
location wher
the concentrg

75.2 A cha

ance with 73.1 is to be determined by passing a current of 25 amperes deriv
ith a no-load voltage not exceeding 6 volts between the following points and
5 these points:

equipment grounding connection; and

metal part in question.
rent Protection Calibration Test

or circuit protective device, provided forprotection of secondary circuits in acg
et the requirements for the Maximum thput Test in UL 1310 and the requiren
B.

Compartment Ventilation Test

asurement is needed to'determine if a battery compartment complies with 42.2.
cted to the overcharge test in 75.2. During and at the conclusion of the test, t

luded in the

bd from a 60
easuring the

ordance with
ents of CSA

b, the battery
he maximum

concentration shallknot be more than 2 percent by volume. Measurements ar¢ to be made

he atmosphere inside the battery compartment at periods of approximately 2
the test. Samples of the atmosphere within the battery compartment are to be
e the greatest concentration of hydrogen gas is likely, using an aspirator bulb
tion mgasurement equipment, or other equivalent means.

ging circuit adjusted to 106 percent of the maximum battery charge voltg

, 4, 6, and 7
taken at the
provided with

ge is to be

connected to a battery and be subjected to 7 hours of overcharging using a fully charged battery. Any user
adjustable controls associated with the charger or charging circuit are to be adjusted for the most severe
charging rate.

Exception: This requirement does not apply to a battery charger provided with a regulating circuit
preventing an increase in battery charging current when the ac input voltage is increased from rated value
to 106 percent of rated value.

75.3 The most severe charging rate referred to in 75.2 is the maximum charging rate that does not cause
a thermal or overcurrent protective device to open.

75.4 Batteries other than lead acid shall comply with the referenced standard identified in Section 42,
Batteries.
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76 Strength of Terminal Insulating Base and Support Test

76.1 In accordance with the requirement in 17.1.13, an insulating base or support and the bus or strap
upon which pressure wire connectors for field wiring are mounted shall be subjected to the force created
when the connectors, securing short lengths of conductors sized as described in 17.1.8, are torqued to
110 percent of the value marked on the unit. The results meet the intent of the requirement when the base
is not damaged as defined in 76.2.

Exception: The test is not required for wire connectors that are part of a component such as a terminal
block, circuit breaker, switch, or similar device.

76.2 With rpference-to76-1damage-has-occu d-whe s-base-insulating-materialcragks or rotates;
bosses, recgsses, or deforms in some way to prevent turning; does not perform its interjded function;
straps or bug bars bend or twist; or members other than the wire connector move at electricg| joints. Minor
chipping or flaking of brittle insulating material is not prohibited when the performanece is pot otherwise
impaired. Mdmentary flexing of metallic members without permanent deformationis-not prohipited.

77 Cycling Test

77.1 In accprdance with 17.4.1, an enclosure door, cover, or hood that'is positioned or moyed in normal
use shall be [subjected to 1000 cycles of operation and then be subjected to the tests in Sg¢ction 101 for
Outdoor-Usd Units.

77.2 The epclosure door, cover, or hood shall not crack, deform, or allow wetting of live parts or the
entrance of water.

78 Evaluation of Reduced Spacings on Printed-Wiring Boards

78.1 General

78.1.1 In accordance with (a) in Exception No. 3 to 25.1.1, printed-wiring board traces of different
potential havjng reduced spacings are judged by conducting:

a) A Dielectric Voltage4Withstand Test described in 78.2; or

b) A $horted Trace Test described in 78.3 for a generator investigated for use in eithgr a controlled
or gemeral envifenment.

78.1.2 Thelrequirements of this Section do not apply to medium voltage circuits on printed-wiring boards.

78.2 Dielectric voltage-withstand test

78.2.1 A printed-wiring board as specified in 78.1.1 shall withstand for 1 minute without breakdown the
application of a dielectric withstand potential between the traces having reduced spacings in accordance
with 59.1 and 59.2 as applicable.

78.2.2 Power-dissipating component parts, electronic devices, and capacitors connected between traces
having reduced spacings are to be removed or disconnected in such a manner that the spacings and
insulations, rather than these component parts, are subjected to the full dielectric voltage-withstand test
potential.


https://ulnorm.com/api/?name=UL 2200 2022.pdf

144

ANSI/CAN/UL/ULC 2200

SEPTEMBER 23, 2022

78.3 Shorted trace test

78.3.1

Printed-wiring board traces specified in 78.1.1 are to be short-circuited, one location at a time,

and the test is to be conducted as described in 71.1.1 —71.1.3, 71.1.5, and 71.1.6. As a result of this test:

a) The overcurrent protection associated with the branch circuit to the rotary generator shall not

open;

and

b) A wire or a printed-wiring board trace shall not open.

When the circuit is interrupted by opening of a component, the test is to be repeated twice using new

components,

as required.

Exception: O
the test is nof|

79 Bonding

79.1 A bong
samples for ¢

required to be repeated.
Conductor Test

ing conductor that does not comply with 21.9 (a) or (b) doesycomply when us
ach test, neither the bonding conductor nor the connection-opens when:

bening of an internal overcurrent protective device meets the intent of the.reqU

irement, and

ing separate

a) Carrying currents equal to 135 and 200 percent of the €ating or setting of the intepded branch-

circuit

b) Thr
Table
intend

Exception: W
protection of
current and s
fuse.

overcurrent-protective device for the times specifiéd in Table 79.1; and

ee samples are subjected to a limited-short-Circuit test using a test current as
79.2 while connected in series with a_nefrenewable fuse having a rating
ed branch-circuit overcurrent-protective device.

hen a fuse that is smaller than that indicated in (a) and (b) is employed ir
the circuit to which the bonding’ conductor is connected, then the magnitud
ze of fuse used during the testis not prohibited from being based on the rating (

specified in
equal to the

the unit for
e of the test
bf the smaller

Table 79.1
Duration of overcurrent test
Rating or siting of branch-circuit Test time, minutes
overcurrent protective 'device,
amperes 135 percent of current 200 percent of clirrent
030 60 2
61-100 120 6
101 - 200 120 8
Table 79.2
Circuit capacity for bonding conductor short-circuit test
Rating of unit, volt-ampere
Single phase 3-phase Volts Capacity of test circuit, amperes
0-1176 0-832 0-250 200
0-1176 0-832 251-600 1000

Table 79.2 Continued on Next Page
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Table 79.2 Continued

Rating of unit, volt-ampere
Single phase 3-phase Volts Capacity of test circuit, amperes
1177 — 1920 833 -1496 0-600 1000
1921 - 4080 1497 — 3990 0-250 2000
4081 —9600 3991 -9145 0-250 3500
9601 or more 9146 or more 0-250 5000
1921 or more 1497 or more 251 -600 5000

79.2 The te
voltage as s
voltage. Eac

80 Impact

80.1 Gene
80.1.1 Plag
references ir
of generators
80.2 Impac
80.2.1 With

impact witho
position.

80.2.2 The
(2 inches) in
a vertical dis

80.3 Polymeric material guards over moving parts

80.3.1 Ina
of 6.8 J (5 fg
produced by
from a heigh

ircuit described in 79 , E F09- 10

pecified in 57.2. The @-circuit voltage is to be 100 — 105 percent of the
N test is to be performed on each of the three samples.

Tests

al

tic enclosures or plastic components required to be impact tested by the req

this Standard shall also be subjected to the cold impact in UL 746C if they arg
or generator assemblies rated for outdoor installatioh.

t on glass covered openings

reference to 7.7.1(b), a glass covered,opening shall withstand a 3.38 J (2-1/,
ut cracking or breaking to the extent; that a piece is released or dropped frg

impact specified in 80.2.1 is-ta-be applied by means of a smooth, solid steel sp
diameter and having 535-g.(1.18 pounds) mass. The sphere is to fall freely fron
ance of 63.5 cm (25 inches).

ccordance-with 6.3, a part of a unit as described in 6.1 and 6.2 is to be subjecteq
ot-pounds) on any surface that is exposed to a blow during normal use. This ir
dropping a steel sphere, 50.8 mm (2 inches) in diameter and weighing 535 g (
of\h29 m (51 inches) to produce the 6.8 J (5-foot-pound) impact. For surfaces

top, the stee

ed-circuit test
closed-circuit

Juirements or
used as part

P foot-pound)
m its normal

nere 50.8 mm
h rest through

| to an impact
npact is to be
1.18 pounds),
bther than the

spnhereis-to be susnended bva cord and-toswina-as-a- nendulum —dronpina-thrg
g N g Y < ) i v PPHg™

ugh a vertical

distance of 1

.29 m (51 inches) to strike the surface.

80.3.2 A unit is to be subjected to the impact test described in 80.3.1 with or without any attachment
specified by the manufacturer so as to result in the most severe test.

80.3.3 When a part as specified in 6.1 is made of a polymeric material, the impact test is to be first
conducted on a sample or samples in the as-received condition. The test is then to be repeated on a
different sample or samples that have been cooled to room temperature after being conditioned for 7
hours in an air oven operating at 10°C (18°F) higher than the maximum operating temperature of the
material, and not less than 70°C (158°F). While being conditioned, a part is to be supported in the same
manner in which it is supported on the generator set.
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80.3.4 Upon being removed from the oven specified in 80.3.3 and before being subjected to the impact
test, no sample shall show signs of checking, cracking, or other deleterious effects from the oven
conditioning, and no sample shall be distorted so as to result in a risk of injury to persons.

80.3.5 After the impact test required by 80.3.1, any openings resulting from the test shall comply with the
accessibility requirements described in Section 8, Protection of Users — Accessibility of Uninsulated Live
Parts and Moving Parts — and User Servicing.

81 Mechanical Tests of Viewing Panes for Medium Voltage Compartments

81.1 General

81.1.1 View
when subject

ng panes for medium voltage compartments shall not shatter, crack, or becon
bd to the impact and pressure tests described in 81.2 and 81.3.

ne dislodged

81.1.2 The |mpact and pressure tests shall be applied to the outside surface.of the viewir
inside surfacg of the viewing pane need not be tested. Separate samples may'be used fo
tests.

g pane. The
" each of the

81.2 Pressure test

81.2.1 A for
is mounted. 1
possible and
area less tha

ce of 890 N (200 Ibf) shall be exerted perpendiculartd’the surface in which the
his force shall be evenly distributed over an area of 0.010 m? (16 in?), as nea
as near the geometric center of the viewing ‘pane as possible. If the viewing
h 0.010 m? (16 in?), a force of 86 kPa (12:5psi ) shall be evenly distributed o

viewing pane
rly square as
pane has an
er the entire

viewing area.|The force shall be sustained for a period of 1 min.

81.3 Impact test

81.3.1 The Viewing pane shall be subjected to an impact of 6.8 N-m (5 ft-Ibf) using a steel pall weighing
approximately 0.535 kg (1.18 Ib) and approximately 50 mm (2 inches) in diameter.

81.3.2 If thg viewing panes aré:provided with a pivoting or hinged protective cover, which|by design is
always in pla¢e except when-performing thermal inspections, this test may be performed with the cover in
place. When g protective cover is provided, this test will be considered passed if the protectivg cover is not
dislodged angl does notyshatter or crack, even though the viewing pane may be shattered, cracked, or
dislodged.

82 Heat Sink Temperature Cycling Test

82.1 Where required by Exception No. 2 to 23.7.1, a current-carrying, aluminum heat sink shall be

subjected to the test described in 82.2 and 82.3.

82.2 Three samples of the heat sink/solid state component assemblies are to be subjected to this test.
After completion of the 500th cycle described in 82.3, a temperature of the solid state component for each
sample shall not be more than 15°C (27°F) higher than the temperature during the 24th cycle and neither
temperature shall be more than the rating of the solid state component.

82.3 The samples are to be subjected to 500 cycles of current-on and current-off operations. During the
current-on time, the samples are to be carrying maximum rated current. The duration of the current-on and
current-off times shall be the length of time required to reach stable temperatures. Stable temperatures
are obtained when three successive readings taken at not less than 10 minute intervals indicates no more
than 2°C (3.6°F) variation between any two readings. Forced-air cooling is a way to reduce the current-off
time with the concurrence of those concerned
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83 Ignition Test Through Bottom-Panel Openings

83.1 In accordance with Exception No. 3 to 7.10.1, a ventilated, bottom-panel construction shall be
evaluated by conducting the tests described in 83.2 — 83.5.

83.2 Openings in a bottom panel shall be so arranged and small in size and few in number that hot,
flaming No. 2 fuel oil (see 83.4) poured three times onto the openings from a position above the panel is
extinguished as it passes through the openings.

83.3 A sample of the complete, finished bottom panel is to be supported in a horizontal position a short
distance above a horizontal surface under a hood or in another area that is ventilated and free from drafts.
Bleached chy i 0-m d having, for

any 6.4 cm?
over a shalloj
the panel an
does not pas
pattern of of
openings. Us
risk of splattg

83.4 A smd
handle whos
centimeters

degrees, a f
(136,900 BtU
ASTM D396
minute and t
stream onto

is to be obse

), 32 threads in one direction and 28 in the other, is to be drapg
w, flat-bottomed pan that is of a size and shape to cover completely the pattern
J is not large enough to catch any of the oil that runs over the edge of the-pane
s through the openings. The pan is to be positioned with its centerunder the
enings in the panel. The center of the cheesecloth is to be 50-8 mm (2 inch
e of a metal screen or wired-glass enclosure surrounding the test ‘area is a way
ring oil, causing injury to persons.

Il metal ladle no more than 63.5 mm (2-1/2 inches) indiameter, with a pouring
e longitudinal axis remains horizontal during pouring, is to be partially filled
pbf No. 2 fuel oil, which is a medium-volatile distillate having a minimum API
ash point of 43.3 — 87.7°C (110 — 190°F),canhd an average calorific value

per gallon) (see the American Society for Jesting and Materials Specification
. The ladle containing the oil is to be heated and the oil is to be ignited. The oil is|
hen is to be poured at the rate of, and neiless than, 1 cubic centimeter per seco
he center of the pattern of openingsfrom a position 102 mm (4 inches) above th
'ved whether the oil ignites the cheesecloth.

83.5 Five minutes after completion of.the pouring of the oil, the cheesecloth is to be replace

piece and a g

econd 10 cubic centimeter of hot, flaming oil is to be poured from the ladle onto

1 in one layer
bf openings in
or otherwise
center of the
bs) below the
to reduce the

ip and a long
with 10 cubic
gravity of 30
of 38.2 MJ/L
for Fuel Qils,
to flame for 1
nd in a steady
e openings. It

d with a clean
the openings,

and it is aggin to be observed whether the cheesecloth is ignited. Five minutes later, a third identical
pouring is to pe made. The cheesecloth shall not ignite in any of the three pourings.

84 Bus Baf Tests

84.1 An aldyminum'bus bar employing a coating specified in Exception No. 3 of 23.2.1 or @ bus bar that

has a clampgd joint construction described in Exception No. 2 and Exception No. 4 of 23.2.1
shall be subjected to the tests described in 84.2 — 84.4.

respectively,

84.2 The temperature of the bus bar joint shall be measured during the temperature test described in
Temperature Test, Section 58, and comply with the maximum temperature requirements specified in Table
58.2.

84.3 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 twenty-fifth cycle.

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


https://ulnorm.com/api/?name=UL 2200 2022.pdf

148 ANSI/CAN/UL/ULC 2200 SEPTEMBER 23, 2022

results in a temperature of 75°C (135°F) above room temperature at the joint. The assembly is then to be
subjected to a 500-cycle test. At the end of the 24th cycle, the current is to be readjusted to bring the
temperature of the joint to 75°C (135°F) above room temperature; and this current value is to be
maintained for the remainder of the cycling test. At the end of the 25th and 500th cycles, the temperatures
are to be recorded. The temperatures are to be measured on both sides of the joint as close as possible to
the bolt or rivet. The cycling rate is to be 3 hours “on” and 1 hour “off’. The “on” period during which
temperatures are recorded is to be extended to more than 3 hours only when required for the joint to attain
thermal equilibrium.

Exception: The length of the bus bar is not prohibited from being less than 609 mm (2 feet) with the
concurrence of those concerned.

85 Volume Change and Extraction Test

85.1 Generpl

85.1.1 The Jolume Change and Extraction Test is a sequence of tests. The test'sequence |is a Pull Test
on three sanples of the hose assembly in the as-received condition to ebtain a pull out fforce for the

samples. Thr
followed by a
conditioned s

85.1.2 Nonn
the tests speq

e samples of the hose assembly are then to be conditioned during the Ag
Pull Test. The pull force of the as-received samples shall be:compared to the pu
bmples.

hetallic low pressure propane and natural gas flexible hoses and fittings shall bg
ified in 85.2 — 85.4.

Exception: This test sequence is not conducted on [ow pressure propane and natural gas

hoses evalua

85.2 Pullte
85.2.1 The
85.2.2 Thre

to be mounte

fed to CSA 8.3/ CGA-8.1/ UL 569 and-UL 536 for metal flexible fuel piping.
5t — as-received
Eamples shall withstand a-267 N (60 pound-force) pull.

e samples of the fuelthose assembly (hose and end fittings) are to be tested. Ez
d in a tensile strength testing machine and operated with a rate of travel of 12.

(0.5 inch/minfite) until the specified pull force has been reached.

85.3 Aging

85.3.1 The

test

Eamplés shall not show visual signs of deterioration or loss of flexibility after agin

ng Test and
[l force of the

subjected to

non-metallic

ch sample is
/ mm/minute

0.

85.3.2 Three representative samples of the fuel hose assembly are to be subjected to 70 hours in an air-
circulating oven maintained at a temperature of 100°C (212°F). The samples are to be subjected to a Pull
Test after temperature conditioning.

85.4 Pullte

85.4.1

st — after the aging test

The samples shall maintain at least 70 percent [187 N (42 pounds)] of their longitudinal pull force.

85.4.2 The three samples of the fuel line assembly (fuel line and end fittings), which were subjected to
the Aging Test, are to be used for this test. Each sample is to be mounted in a tensile strength testing

machine and

operated with a rate of travel of 12.7 mm/minute (0.5 inch/minute) until:

a) The hose or fitting breaks, cracks, splits;


https://ulnorm.com/api/?name=UL 2200 2022.pdf

SEPTEMBER 23, 2022

ANSI/CAN/UL/ULC 2200

149

b) The fitting separates from the hose; or

¢) The minimum pull force has been obtained.

86 Vibration Test

86.1
showing sign

s of degradation or leakage.

During and following this test, the hose assembly samples shall withstand the vibration without

86.2 Two samples of the hose assembly are to be subjected to vibration while pressurized to normal
operating pressure. The two samples are to be prepared one in the horizontal position, the other in the

vertical, and ’ﬁgmmﬂmmmumwm_mwmmm subjected to
48 hours vibration of 3.175 mm (0.125 inch) amplitude at a frequency of 17 Hz.

87 Aerostdtic Leakage Test

87.1 To determine compliance with this test, the hose assemblies shall not leak.

87.2 Three|samples of 457 mm (18 inch) long flexible hose assemblies.are to be subjected to this test.
Each sampl¢ is to have one end of the assembly plugged and ¢he other hose end |aerostatically
pressurized [o 1.5 times operating pressure for 5 minutes. The.hose assemblies shall be checked for
leakage by being immersed in water or an equivalent method.

87A Pressyre Test for Selective Catalytic Reduction (SCR) Systems

87A.1 To dé¢termine compliance with this test, the SCR'system housing shall not leak.

87A.2 A sample is to be aerostatically pressure tested at the withstand pressures identifled in 51.5 or
13.8 kPa (2 psig), whichever is greater. The<pressure shall be held constant for at least 2 hours while the
housing is checked for leaks.

88 Hydrostatic Strength Test

88.1 To determine compliance‘with this test, the hose assemblies shall not leak.

88.2 Three|samples 6f457 mm (18 inch) long flexible fuel line assemblies are to be subjected to this test.
Each samplq is to have one end plugged and the other hose end is to be hydrostatically prg¢ssurized to 4
times operating pressure for 1 minute and checked for leakage. The fuel line assemblies shgll be checked
for leakage by-being immersed in water or an equivalent method.

89 Fuel Valve Flow Control Test

89.1

The fuel flow control system shall identify a fault condition and take action to close the fuel valves

following a failure event as defined in Table 89.1 and as required by the tests in this Section. The valve
closing feature may be performed in the complete product or may be separately tested as a fuel
subsystem such as an evaluation of the controller and or the fuel valve component. The failure events
defined above include loss of rotation, loss of combustion, and critical turbine failures. [Examples of
programmable fuel control features are normal shutdown valve state, abnormal shutdown valve state and
time (engine or engine control system failure such as overspeed, loss of ignition, or flame out) and the
state of fuel flow and stop time.]
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Table 89.1
Maximum generator fault fuel cessation time

Engine type Maximum time between fault and fuel cessation time in
seconds
Reciprocating 2
Turbine 5

NOTE 1: The time specified in this table is a sum of: a) the control time to identify the failure, b) the control action to close the

valve, and c) the valve closing time.

NOTE 2: Some fuel valves close in 2 seconds, therefore the combinations of valves, fuel flow/metering components, and control

system must be

tested and verified for compliance with these requirements.

89.2 Compl

of the failure ¢vent.

89.3 Thecq

NOTE: This test

89.4 |If the
valve, the spsg

89.5 A safe
not present a

89.6 Thefo

a) The

the fugl system control is required telclose/stop fuel flow in accordance with 89.1 and T

b) The

ance is demonstrated if at least one of the automatic valves closes within the| g

mpliance time for this test is measured between the fault injection timejand the

may be performed on a bench with signal generation for some types of engines.and fuel flow control

bvaluation of the system is performed on individual confrol system assembly

y shutoff rated zero governor regulator or simitar valve shall stop gas flow wher
the outlet, the closing time shall be measured.

lowing describes the test method:

engine is to be operated underinormal conditions. A fault condition is to be in

pecified time

alve closure.

Isystems.

without the

cific valve closing time shall be added to the time between the fault application and the valve
closing signal.

a vacuum is

roduced and
able 89.1.

solenoid coil voltage or'valve position state is to be observed and recorded.

d) Me
concu
millis

e) Afl
failure

zero governor valve configurations, the vacuum pressure on the outlet ling
or to the engine intake manifold is to be measured.

sure and~ecord the time of the above inputs per the system configuration o
rently. (The measurement device shall be capable of recording at a min
ondsincrements.

of the zero

f the product
imum of 10

me out condition or simulated flame out fault condition may be used to initiate
condition.

combustion

89.7 The results of the test shall demonstrate that the control system including the valve closure

complies with
90 Rod Ent

90.1

the values in Table 89.1.

ry Test

compartments.

This test shall be conducted to determine acceptability of ventilation openings in medium voltage

90.2 When live parts are less than 102 mm (4 inches) from an opening, this test shall be made by

attempting to

insert a rod having a diameter of 12.7 mm (0.5 inch).
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90.3 When live parts are 102 mm (4 inches) or more from an opening, this test shall be made by
attempting to insert a rod having a diameter of 19 mm (0.75 inch).

90.4 The equipment complies with these requirements if the rod cannot enter the opening.
90A Installation Test for Accessory Equipment

90A.1 Each piece of accessory equipment shall be installed in its intended manner on the unit for which
it is intended by following the instructions provided (see 95A.3 and 95A.4).

90A.2 The mechanical mountlng arrangements and types of plugs prowded with operator-mstalled
accessory e.{ulplllclll shat-be—stch—that—the cq\.uplllclll car—be plupclly puomuucu and the plug in
connections |cannot be interchanged in a manner that presents a risk of fire, electrie, shock, injury to
persons, or dlectrical energy — high current levels.

90A.3 With|the accessory equipment installed and operating, the basic unit shall bé subjecfed to each of
the tests set forth in Sections 57 — 90 that are necessary for determining that the performance of the unit is
not altered in any unacceptable manner.

RATINGS
91 Details

91.1 The unit shall be marked with the following ac output ratings:
a) Voltage;
b) Frgquency;
c) Nufmber of phases except for a unit intended for single-phase only;
d) Anmjperes, volt-amperes, kilovolt-amperes, watts, or kilowatts;
e) Power factor, when less-than unity unless the rating is expressed in:
1) Watts and volt-amperes; or
2) Wattsand amperes.

f) RPM;

g) Insutation system class;
h) Rated ambient air temperature or rated temperature rise;

i) Rated insulation level [dielectric voltage withstand and impulse test level (BIL)] — for medium
voltage units only;

j) Generator assemblies rated more than 15 kW shall also include the calculated subtransient,
transient, synchronous, and zero sequence impedances;

Exception: Generators with inverter output circuits shall instead be provided with a maximum short-
circuit current rating.

k) Power rating category; and
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