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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

IAN/UL/ULC 2200 Standard is under continuous maintenance, whereby eaq
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 French. All safety warnings must
Attention is drawn to the possibility that some Canadian authorities may requ
/or installation instructions to be in both official tanguages.

In Canada, {
and English.
markings an

This joint erican National Standard and Natienal 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 Request 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 g
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
pars 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.
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This Standard is intended to be used for conformity assessment.

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
g)Th
h) Th
i) The
J)Em
1.2 Units th
a) AS
b) Bo
c) Prg

d) Ga

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

prgency Electrical Power Supply for BuildinggCSA C282.

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

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

1.3 Hazargls addressed by this Standard include electrical (energy, shock, explosig

mechanical
gaseous fuel

enclosures~and moving parts), fuel related (containment and flow control {
5 including purge / dilution functions), and prime mover related hazards.

CSA B149.6;

n, and fire),
or liquid and

1.4 These

requirements do not cover engine generator assemblies for use in hazardo

s (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 componentis not required to comply with a specific requirement that:

a) Involves a feature or characteristic not required in the application of the component in the
product covered by this standard, or
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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 values given in SI (metric) units shall be normative. Any other values are for information only.

3.2 Values
approximate

4 Glossary

4.1 Inthe te

4.2 Forthe

4.3 AC CON
4.4 AMBIEN
air surroundir
ref 441-11-13

stated without parentheses are the requirement. Values in parentheses are‘e
nformation.

purpose of this Standard, the following definitions apply:
IVENIENCE RECEPTACLE — A receptacle that is intended for general use.
T AIR TEMPERATURE — The temperature; determined under prescribed cong

g the complete engine generator assembly, switching device or fuse. [IEC 60
modified]

NOTE: For engine generator assemblies, switching devices or fuses installed inside an enclosure, it is the tempsg

outside the enclg

Adapted by UL
with permission
rights reserved.

4.5 AUTOM

sure.

rom IEC 60050-441, International Electrotechnical Vocabulary Chapter 441: Switchgear, Controlg
bf the American National Standards Institute (ANSI) on behalf of the International Electrotechnical

ATIC SAFETY(SHUTOFF VALVE (ASSV) — A device consisting of a valve and

controls the fliel supply ta.the engine. The operator may be actuated by the application of fue|

a flexible dia
as a safety
programmabl

hragm, by/electrical means, by mechanical means, or some other means. The
device\.that closes upon command from the automatic engine shutdow
e control.

Xt of this Standard, the term "unit" refers to any product covered\by this Standard.

planatory or

itions, of the
D50-441: IEV

rature of the air

ear and Fuses,
[Commission. All

operator that

pressure on
valve serves
n sensor or

Adapted from AN

S1Z221.21-2015/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 Z221.21-2015/CSA 6.5-2015 with permission of CSA Group.

4.7 AUTOMATIC SAFETY VENT VALVE (ASVV) — A valve that is automatically opens by the safety
control system or by an emergency device.

4.8 BARRIER - A means of isolating that reduces the risk of access to a part that involves a risk of fire,
electric shock, injury to persons, or electrical energy — high current levels. See 4.64 and 4.65.
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4.9 BATTERY CASE/COVER - The container that directly encloses and confines the electrolyte of a
battery or cell.

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

4.11 BATTERY, VENTED - A battery in which the products of electrolysis and evaporation escape freely
to the atmosphere. These batteries have commonly been referred to as "flooded" or "wet."

412 BUS BAR - A conductor or an assembly of conductors for collecting electric currents and
distributing them to outgoing feeders.

4.13 CAST]
components
are typically

414 CELL
by a commo,
electrical eng

415 CLAS
output of not

INSULATED or CAST INSULATION — A polymeric insulating material applied_t
or equipment such as transformers, windings, bus bars or coils. Cast insulated
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.

S 1 POWER LIMITED CIRCUIT — A circuit which is~sUpplied from a source h
more than 30 V and 1000 VA. This is often wiringdbetween the protective overd

and connected load equipment.

4.16 CLAS

417 CLAS
in CSA C22.1

418 CLAS
In Canada,
419 CLEA
4.20 COMH

4.21 CONI
used for carr

5 2 CIRCUIT — A circuit which is supplied fref a Class 2 transformer.

S 2 TRANSFORMER - A step-downdransformer complying with the applicable
P No. 66-1/ UL 5085-1 and CSA C22.2 No. 66.3 / UL 5085-3.

5 3 CIRCUIT - In the US, a eircuit which is supplied from a Class 3 Transformer.
lass 3 circuits are nat recognized in the Canadian Electrical Code, Part .

RANCE — The shortest distance through air spacing between two conductive pa
ONENT <£Refers to subassemblies used in the construction of the generating a

UCTIVE PART - A part which is capable of conducting current, although it is n
ying current. [IEC 60050-441: IEV ref 441-11-09, modified]

o conductors,
components

h one another
l directly into

aving a rated

urrent device

requirements

ts.
5sembly.

bt necessarily

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.

423 CONTROL POWER TRANSFORMER (CPT) — A transformer utilized to supply voltage for control
circuits and auxiliary devices.

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

4.25 CREEPAGE DISTANCE — The shortest distance along the surface of an insulating material
between two conductive parts.
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4.26 DEDICATED PURPOSE GENERATOR OUTLET / RECEPTACLE — A receptacle used to supply
power to specific purpose generator components or accessories such as block heaters, oil heaters, and
battery chargers.

4,27 DEGREE OF PROTECTION — The extent of protection provided by an enclosure or guard to
prevent access to moving parts.

4.28 DOOR

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

4,29 ELECTROLYTE - A semisolid, liquid, or aqueous salt solution that permits ionic conduction
between positive and negative electrodes of a cell.

430 ELECT
files) provided
an electronic

disturthance occurring within.

4.31 ENCL(
a) Reg
or
b) Re

4.32 ENGIN

process.

4.33 FIELD

by an installef.

4.34 FIELD

connected byj

435 GEN
generator/altg

436 GROU

4.37 GROU

[RONIC FORMAT — Any electronic media content (other than computer progra
on commonly available physical media or internet link, which is intended toybe
form (such as a text file 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]

Juces the risk of propagation of flame, sparks, and molten metal initiated by

E — A prime mover machine that converts energy into motion that may consur

FWIRING TERMINAL — Acterminal to which a supply, load, or other wire is in
an installer.

FRATOR ASSEMBLY
rnator.

Refers to the assembly, consisting of the

ND — The éarth.

NDING KIT — A grounding terminal means intended to be field-connected or fact
connectors (lugs) and hardware, such as bolts, studs, or screws. and suitable fi

consisting of

’

S or system
ed in either
jocument.

y to persons;

an electrical

he fuel in the

WIRING LEAD - Any lead to which'a-supply, load, or other wire is intended to pe connected

tended to be

engine and

ory-installed,

r 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 designed to prevent it from overheating by conducting heat away from it and radiating it to the

environment.

4.39

form and polarity, that does not cause breakdown under specified conditions of test.

IMPULSE WITHSTAND VOLTAGE — The specified peak value of impulse voltages, of prescribed
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4.40
temperature

4.41

limits for the use of the material.

INSULATION CLASS — The classification of insulation materials for the purpose of establishing

INTERLOCK — A means relied upon to reduce the accessibility to an area that results in risk of

electric shock, electrical energy — high current levels, or injury to persons until the risk has been removed,
or to automatically remove the risk when access is gained.

4.42

ISOLATING MEANS (isolating switch or disconnector) — A mechanical switching device that

provides, in the open position, isolating distance in the main circuit from the source of power. [IEC 60050-
441: IEV ref 441-14-05, modified]

Adapted by UL
with permission
rights reserved.

4.43 LIMIT]

the energy liited to 100 volt-amperes by any of the following:

a) Se
b) On
C)Ar
4.44 LINEA
resulting in a

445 LIVE
risk of electri

4.46 LOW-
Canada, 30
Canada) as

447 LOWH
voltage of no
of not more t

a) An
overg|

abula ) Wi ) ontro
on behalf of the International Electrotechnical

hapter 441: haea

FD-ENERGY CIRCUIT — An ac or dc circuit having a voltage not exCeeding 1

condary winding of a transformer;
e or more resistors complying with 26.10; or

bgulating network complying with 26.11.

R LOAD — A load that does not rectify the current or otherwise alter the current
load current that is proportional to the instantaneous voltage.

PART — Denotes metal or a conductive-part within the unit that during intended U
C shock.

VOLTAGE - For this Standard,.ac voltage in the range of 50 to 1,000 Vac and
o 750 V). The applicable.installation codes refer to voltages above 1,000 Vrms
high voltage”.

t more than 30(Vrims (15 Vrms wet), 42.4 V peak (24.2 V peak wet) or a direct ¢
nan 42.4 V (30\V wet) and supplied by:

inherently limited Class 2 transformer or a not inherently limited Class 2 transf]
urrent\protective device that is:

A L

gear and Fuses,
Commission. All

D00 volts and

wave shape,

se involves a

1,500 Vdc (in
(750 Vrms in

VOLTAGE, LIMITED-ENERGY (LVLE) CIRCUIT — A circuit involving an alterpating current

Urrent voltage

prmer and an

4\ PR Y 4 4 ! : 4
) INOULUT IS autuimiatc TeSUIUsSITyg type,

2) Trip-free from the reclosing mechanism; and

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

ovided with a

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 battery that is isolated from the primary circuit or a combination of a battery, including the
battery charging circuit of a unit that is isolated from the primary circuit, and one or more resistors
or a regulating network complying with 26.11.
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The DC dry voltage limit is 60 V in the US and 42.4 V in Canada, and this Standard includes the lower
value for consistency.

448 MECHANICAL GUARD (or partition) — A part, barrier, or enclosure that reduces the risk of access
to or separating a component from another or prevents the splashing, dripping or spraying of coolant, oil,
or fuel that has the potential of causing an electrical fire, fuel fire hazard, or injury to persons.

4,49 MEDIUM-VOLTAGE - For this Standard, a voltage over 1,000 Vac or 1,500 Vdc (in Canada, over
750 V), up to 46 kV. The applicable installation codes refer to voltages above 1,000 Vrms (750 Vrms in

Canada) as “high voltage”.

450 MEDIL
components.
451 MEDIL

minimum inte

UM-VOLTAGE FUSE — A current-limiting fuse intended for use in medium-vol
capable of ipterrupting all currents from the rated maximum interrupting curfent down

Frupting current (where applicable).

dium-voltage

fage circuits,
to the rated

NOTE: See IEEE C37.40, which categorizes different types of current-limiting fuses based_on their minimum intgrrupting current
capability:
a) BACKUP CURRENT-LIMITING FUSE - a current-limiting fuse capable/of\interrupting all currents from itsj rated maximum

interrup|
b) FULL
currents
elemen
c) GEN
rated in

452 MODU
module or ge

453 OPER
product when

454 OUTP

455 OVER
motor starting

ing current down to its rated minimum interrupting current.

-RANGE CURRENT-LIMITING FUSE - a current-limitingfuse*capable of interrupting, under specifig
from its rated maximum interrupting current down to thesminimum continuous current that can ¢
to melt.

FRAL-PURPOSE CURRENT-LIMITING FUSE <‘a current-limiting fuse capable of interrupting all
errupting current down to the current that causes melting of the fusible element(s) in one hour or mo

LE — A packaged functional assembly component of the generator assembly, su
nerator module.

ATING VOLTAGE - {he voltage across two points occurring due to normal ops
controls are set in-any position.

T RECEPTACLE — A receptacle that is intended to carry the output power of th

CURRENT — A current exceeding the rated continuous current. Overcurrents cg
, overload, short-circuit, or ground faults.

bd conditions, all
ause the fusible

turrents from its
re.

ch as engine

bration of the

b generator.

n result from

4,56 OVERLOAD - Equipment operating condition exceeding normal rated current or power.

4,57 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 POLLUTION DEGREE — The level of pollution present at the location on or in a product where the
clearance and creepage distance measurement is made and can be controlled by design of the product.
For example, enclosures can be used to achieve pollution degree 3, heaters within non-ventilated
enclosures can help achieve pollution degree 2, and encapsulation can be used to achieve pollution
degree 1.
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460 PRESSURE TERMINAL CONNECTOR - A field-wiring terminal that accomplishes the connection
of one or more conductors by means of pressure without the use of solder. Examples of a pressure
terminal connector are the:

a) Barrel and setscrew type;

b) Crimp-type barrel; or

c)Cla

4.61

mping plate and screw type.

and or branch circuit.

4.62 REST

a) Ac
restri

b) Ac
autho

463 RISK
health) and t

4.64 RISK

465 RISK
injury to pers
between a li
a potential of

a) An

b) Al

For example
enough ener

4.66 RISK
delivering po|

RICTED ACCESS AREA — A location for equipment where the following applys

cess is only gained by service personnel who have been instructed-of ithe re|
tions applied to the location 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.ogation.

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

DF ELECTRIC SHOCK - As defined in Electrie’Shock, Section 9.

DF ELECTRICAL ENERGY — HIGH CURRENT LEVELS — The risk for damage
pns, other than by electric shock, from;available electrical energy is determined
e part and an adjacent dead metal part or between live parts of different polarit
2 V or more and either:

available continuous powerlevel of 240 VA or more; or

bactive energy level of 20 J or more.

a tool, or othermetal short-circuiting a component is capable of causing a burn
hy is available.at'the component to vaporize, melt, or more than warm the metal.

OF FIRE - A risk of fire exists at any component unless an investigation
wer tothat component complies with the criteria in 26.4 — 26.12.

PRIMARY CIRCUIT — Wiring and components that are conductively connected to a power output

asons for the

trolled by the

br damage to

to property or

o exist, when
y, there exists

or a fire when

of the supply

4.67 SAFE

Y CIRCUIT — Any primary or secondary circuit that i1s relied upon to reduce t

he 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 31

4.70

31, Transformers.

SERVICE DISCONNECTING MEANS or SERVICE DISCONNECT - Isolating means that

disconnects all conductors into a building or other structure from the service entrance conductors.
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4.71 SERVICE PERSONNEL - Persons having technical training and experience required to be aware
of the risks encountered when performing a task and the measures to be taken to minimize the risks to
themselves and other persons. Service personnel tasks include periodic engine maintenance like
changing oil and filters.

4,72 SKIN-TIGHT ENCLOSURE - An enclosure where required clearances are provided through the
exterior to the enclosure with maintenance access to parts of the engine generator set from the outside of

the enclosure

with no accessibility to uninsulated live electrical components.

4.73 STATIONARY - A unit that is intended to be hard wired and/or permanently installed.

4.74 SWIT

sconnect all

ungrounded g

4.75 SWITC
power source

476 SYNC
output of a g
power systen

477 TOOL
to operate a s

478 USER
479 USER
applies:
a) Acd
b) The
c) The

This ipcludes control/panels, behind locked doors, and inside of access covers with

power system to.supply common local area / micro grid system loads and sometimes deliver

"‘I-l, LOCKOUT

An indinafing f'\llpﬂ switch _that prn\/ir{n: a2 _means tod

onductors and is also provided with a positive lockout in the “off” position.

H, TRANSFER — A device for transferring one or more load conductor.connecti
to another.

HRONIZATION — The matching of the voltage amplitude, phase angle, and freq
enerator with the amplitude, phase angle, and frequency of/other generators
or electric utility.

— A screwdriver, wrench, or any other special objecb that is a service access tog
crew, latch, or similar fastening means.

— Any person other than service personnel~S6metimes referred to as operator.

IACCESS AREA — An area to which, @nder normal operating conditions, one of

ess is gained without the use\6f a tool;
means of access is deliberately provided to the user; or

user is instructed.to enter regardless of whether or not tools are required to

s in place to prevent the user from accessing rotating machinery or live compon

Y-INTERACTIVE — A generator intended for use in parallel with an electric util

bns from one

uency of the
, the electric

| that is used

the following

gain access.
guarding or
ents.

ty or electric
power to the

barrie
4.80 UTILIT
utility.
4.81

generator enclosure.

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 WRITTEN FORMAT — A printed document, label, or molded text provided in a physical form as part
of or with the product.

484 ZERO GOVERNOR REGULATOR (vacuum demand regulator) — A fuel regulating device that
allows fuel flow when a partial vacuum is applied to the regulator output port. The regulator stops fuel flow
when vacuum demand on the output port is discontinued.
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5 Referenced Publications

5.1

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

Any undated reference to a code or standard appearing in the requirements of this standard shall be

5.2 Throughout this Standard, the CSA and ULC standard references apply to products intended for use
in Canada, while the UL standard references apply to products intended for use in the United States.
Combined references are separated by a slash (“ / ”) to denote the difference between the applicable
requirements specified for use in Canada and the United States.

5.3 The following publications are referenced in this Standard:

Canada

United States

ANSIZ21.13/

ICSA 4.9, Gas-Fired Low Pressure Steam and

Hot Water Boilgrs

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

P Steam and

ANSI Z21.18 /[CSA 6.3, Gas Appliance Pressure Regulators ANSI Z21.18 / CSA 6.3, Gas Appliance Pressur¢ Regulators
ANSI Z21.21 /[CSA 6.5, Automatic Valves for Gas Appliances ANSI Z21.21/ CSA 6.5, Automatic Valves for Gas Appliances
ANSI Z21.80 /[CSA 6.22, Line Pressure Regulators ANSI Z21.80 / CSA 6.22, Line Pressure Regulators

ASME B1.20.1|, Pipe Threads, General Purpose (Inch) ASME B1.20.1, Pipe Threads, General Purpose|(Inch)

ASME B31.3, Process Piping ASME B31.3, Process Piping

ASME B31.11[Slurry Transportation Piping Systems ASME B31.1%, Slurry Transportation Piping Sysfems

ASME B36.10M, Welded and Seamless Wrought Steel Pipe ASME B36.10M, Welded and Seamless Wrought Steel Pipe
ASME B36.19M, Stainless Steel Pipe ASMEB36.19M, Stainless Steel Pipe

ASTM A90, Standard Test Method for Weight [Mass] of Coating | ASTM A90, Standard Test Method for Weight [Mass] of Coating
on Iron and Ste¢el Articles with Zinc or Zinc-Alloy Coatings on' Iron and Steel Articles with Zinc or Zinc-Alloy|Coatings
ASTM B117, Standard Practice for Operating Salt Spray (Fog) ASTM B117, Standard Practice for Operating Sglt Spray (Fog)
Apparatus Apparatus

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

ASTM E230/ER30M, Standard Specification and Temperature- | ASTM E230/E230M, Standard Specification and Temperature-
Electromotive fForce (emf) Tables for Standardized Electromotive Force (emf) Tables for Standardized
Thermocouplep Thermocouples

ASTM D412, Jtandard Test Metheds+fer Vulcanized Rubber ASTM D412, Standard Test Methods for Vulcanized Rubber

and Thermopld

stic ElastomersJenhsion

and Thermoplastic Elastomers Tension

ASTM D471,
of liquids, AST]
Testing of Non

tandard test'method for rubber property — Effect
M F152, Standard Test Methods for Tension
netallic Gasket Materials

UL 157, Gaskets and Seals

ASTM AB53/A

6530y, Standard Specification for Steel Sheet,

Zinc-Coated ((

balvanhized) or Zinc-lron Alloy-Coated

ASTM A653/A653M, Standard Specification for

Steel Sheet,
ted

Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Cod

(Galvannealed

) by the Hot-Dip Process

(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 Circula
Bellows Type Expansion Joints for Piping Applic:

r Metallic
ations

ASTM D1525,

Standard Test Method for Vicat Softening

Temperature of Plastics

ASTM D1525, Standard Test Method for Vicat Softening

Temperature of Plastics

CAN/CGSB 12.1-M90, Tempered or Laminated Safety Glass

ANSI Z97.1, Safety glazing Materials Used in Buildings —
Safety Performance Specifications and Methods of Test

CSA C22.2 No

. 0.2, Insulation Coordination

UL 840, Insulation Coordination Including Clearances and

Creepage Distances for Electrical Equipment

CSA C22.2 No

. 0.15, Adhesive Labels

UL 969, Marking and Labeling Systems

CSA C22.2 No
Materials

. 0.17, Evaluation of Properties of Polymeric

UL 746C, Polymeric Materials — Use in Electrica
Evaluations

| Equipment

CSA C22.2 No
Materials

. 0.17, Evaluation of Properties of Polymeric

UL 796, Printed-Wiring Boards
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Canada

United States

CSA C22.2 No. 0.19, Requirements for Service Entrance
Equipment

UL 869A, Reference Standard for Service Equipment

CSA C22.2 No. 0.22, Evaluation Methods for Arc Resistance
Ratings of Enclosed Electrical Equipment

Rated Up to 38 kV for Internal Arcing Faults

IEEE C37.20.7, Guide for Testing Metal-Enclosed Switchgear

CSA C22.2 No. 0.8, Safety functions incorporating electronic
technology

UL 1998, Software in Programmable Components

CSA C22.2 No. 5, Molded-Case Circuit Breakers, Molded-Case
Switches and Circuit-Breaker Enclosures

and Circuit-Breaker Enclosures

UL 489, Molded-Case Circuit Breakers, Molded-Case Switches

CSA C22.2 No. 8, Electromagnetic Interference (EMI) Filters

UL 1283, Electromagnetic Interference Filters

CSA C22.2 No. 9.0, General Requirements for Luminaires

UL 2108, Low Voltage Lighting Systems

Auxiliary Gutters, and Associated Fittings

CSA 8.3, Ther o2t tP-Gas Hose

Conducting Prgpane And Natural Gas UL 569, Pigtails and Flexible Hose Connectors fqr LP Gas

CGA-8.1, Elastpmeric Composite Hose and Hose Couplings for

Conducting Prdgpane and Natural Gas

CSA C22.2 No/|13, Transformers for Luminous-Tube Signs, UL 506, Specialty Transformers

Qil- or Gas-Burfer Ignition Equipment, Cold-Cathode Interior

Lighting

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-Device Boxes, and
Covers

CSA C22.2 NoJ42.1, Cover Plates for Flush-Mounted Wiring UL 514D;\Cover Plates for Flush-Mounted Wirind Devices

Device

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, Ul 870, Wireways, Auxiliary Gutters, and Associgated 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 Switch
Alternating Current Rated Above 1000 Volts

IEEE C37.20.2, IEEE Standard for Metal-Clad S

IEEE C37.20.3, Metal-Enclosed Interrupter Switd
38 kV)

IEEE C37.20.4, Indoor AC Switches (1 kV to 38 K
Metal-Enclosed Switchgear

NEMA C37.54, For Indoor Alternating Current Hi
Circuit Breakers Applied as Removable Element
Enclosed Switchgear — Conformance Test Proce

NEMA C37.57, For Switchgear — Metal-Enclosed

bs for

itchgear

hgear (1 kV —

V) for Use in

ph-Voltage
in Metal-
Hures

Interrupter

Switchgear Assemblies — Conformance Testing

Test Procedures

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

NEMA CCH1, Electric Power Connection for Substations

CSA C22.2 No. 42.1, Nonmetallic Outlet Boxes

UL 514C, Nonmetallic Outlet Boxes, Flush-Devic
Covers

e Boxes, and

CSA C22.2 No. 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, Boiler, pressure vessel, and pressure piping code

ASME B31.3, Process Piping

CSA B51, Boiler, Pressure Vessel, and Pressure Piping Code

ASME Boiler and pressure vessel Code VIl Rule
Construction of Pressure Vessels, Division 1

s for

CSA C22.2 No. 65, Wire Connectors

UL 486A-486B, Wire Connectors

CSA C22.2 No. 65, Wire Connectors

UL 486E, Equipment Wiring Terminals for Use wi
and/or Copper Conductors

th Aluminum
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Canada

United States

CSA C22.2 No. 66.1, Low Voltage Transformers — Part 1:
General Requirements

UL 5085-1, Low Voltage Transformers — Part 1: General
Requirements

CSA C22.2 No. 66.2, Low Voltage Transformers — Part 2:
General Purpose Transformers

UL 5085-2, Low Voltage Transformers — Part 2: General
Purpose Transformers

CSA C22.2 No. 66.3, Low Voltage Transformers — Part 3: Class
2 and Class 3 Transformers

UL 5085-3, Low Voltage Transformers — Part 3: Class 2 and
Class 3 Transformers

CSA C22.2 No. 75, Thermoplastic-Insulated Wires and Cables

UL 83, Thermoplastic-Insulated Wires and Cables

CSA C22.2 No. 94.1, Enclosures for Electrical Equipment, Non-

UL 50, Enclosures for Electrical Equipment, Non-

Environmental

Considerations

Environmental Considerations

CSA C22.2 No. 94.2, Enclosures for Electrical Equipment,

Environmental

Considerations

UL 50E, Enclosures for Electrical Equipment, Environmental

Considerations

CSA C22.2 Ng

107.1, Power Conversion Equipment

UL 1012, Power Units Other Than Class 2

CSA C22.2 Na.

107.1, Power Conversion Equipment

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

Distributed

CSA C22.2 Ng

107.2, Battery Chargers

UL 1236, Battery Chargers for. Charging Engine
Batteries

Starter

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

111, General-Use Snap Switches

UL 20, General-Use Snap Switches

CSA C22.2 Ng.

139, Electrically Operated Valves

UL 429, EleCtrically Operated Valves

UL 428A)Electrically Operated Valves for Gasol
Gasolige/Ethanol Blends with Nominal Ethanol
Upto,85 Percent (EO — E85)

UL 428B, Electrically Operated Valves for Diese
Biodiesel Fuel, Diesel/Biodiesel Blends with Nor|
Concentrations Up to 20 Percent (B20), Keroset]

ne and
Concentrations

Fuel,
hinal Biodiesel
e, and Fuel Oil

CSA C22.2 Na. 141, Emergency Lighting Equipment UL 924, Emergency Lighting and Power Equipment

CSA C22.2 Ng. 144, Ground Fault Circuit Interrupters UL 943C, Outline for Special Purpose Ground-Fpult 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 Connegtors

CSA B149.6, Gode for digester gas, landfill gas, and biogas ANSI/CSA B149.6, Code for digester gas, landfi|l gas, and

generation and utilization biogas generation and utilization

CSA C22.2 Ng. 153, ElectriealQuick-Connect Terminals UL 310, Electrical Quick-Connect Terminals

CSA C22.2 No. 165, Electric'Boilers UL 834, Heating, Water Supply, and Power Boilgrs — Electric

CSA C22.2 Ng. 178.1\Transfer Switch Equipment UL 1008, Transfer Switch Equipment

CSA C22.2 Ng. 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

Class 2 Outputs

UL 1310, Class 2 Power Units

CSA C22.2 No

. 236, Heating and Cooling Equipment

UL 1995, Heating and Cooling Equipment

CSA C22.2 No

. 250.0, 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,

Controllers, and Control Centres

UL 347, Medium-Voltage AC Contactors, Controllers, and

Control Centers

CSA C22.2 No
Vac/1500 Vdc

. 268, Power circuit breakers up to 1000

UL 1066, Low-Voltage AC and DC Power Circuit Breakers

Used in Enclosures

CSA C282, Emergency Electrical Power Supply for Buildings

NFPA 110, Emergency and Standby Power Systems
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Canada

United States

CSA C22.2 No. 295, Neutral Grounding Devices

Procedures for Neutral Grounding Devices

IEEE C57.32, Requirements, Terminology, and Test

CSA C22.2 No. 301, Industrial Electrical Machinery

NFPA 79, Electrical Standard for Industrial Machi

nery

CSA E60384-14, Fixed Capacitors for Use in Electronic
Equipment — Part 14: Sectional Specification: Fixed Capacitors
for Electromagnetic Interference Suppression and Connection
to the Supply Mains

Electromagnetic Interference Suppression and C
the Supply Mains

UL 60384-14, Fixed Capacitors for Use in Electronic Equipment
— Part 14: Sectional Specification: Fixed Capacitors for

onnection to

CSA C22.2 No. 60529, Degrees of Protection Provided by
Enclosures (IP Code)

Code)

IEC 60529, Degrees of Protection Provided by Enclosures (IP

CSA-E60730-1, Automatic Electrical controls — Part 1: General
Requirements

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 Requirements for Testing and

its

UL 61010-2-030, Safety Requirements'far 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, W
of the identicall
Commission) S

Instrument Transformers — Part 1: General

nd CSA C61869-5, Instrument transformers —

bl requirements for capacitor voltage

hich is an adoption, with Canadian deviations,
titled IEC (International Electrotechnical
andard 61869-5 (first edition, 2011-07)

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

CSA C61869-1
Requirements,
2: Additional R4
C61869-3, Inst
Requirements f

Instrument Transformers — Part 1: General
[CSA C61869-2, Instrument Transformers — Part
quirements for Current Transformers, CSA
ument Transformers — Part 3: Additional

br Inductive Voltage Transformers

IEEE C57:13, Requirements for Instrument Tran
IEEE @57.13.2, Conformance Test Procedure fo
Transformers

formers, and
Instrument

UL 795, Commercial-Industrial Gas Heating Equipment

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

UL 1577, Optical Isolators

(GWIT) test method for materials

(GWIT) test method for materials

IEC 60417 Datgbase, Graphical Symbols for Usg-0on IEC 60417 Database, Graphical Symbols for Usq on
Equipment Equipment

IEC 60695-2-13, Fire hazard testing — Part 2-13: Glowing/hot- IEC 60695-2-13, Fire hazard testing — Part 2-13: |Glowing/hot-
wire based test|methods — Glow-wire ignition temperature wire based test methods — Glow-wire ignition temperature

IEC 61508, Fun
electrical/electr
systems

ctional safety of
bnic/programmable electronic safety-related

IEC 61508, Functional safety of
electrical/electronic/programmable electronic saf
systems

pty-related

IEC 61508-2, F
electrical/electr
systems — Part
electrical/electr
systems

Linctionalisafety of
bnic/programmable electronic safety-related
P \Requirements for

OMICIprogrammable slectronic Safety-related

IEC 61508-2, Functional safety of
electrical/electronic/programmable electronic saf]
systems — Part 2: Requirements for

pty-related

[—electrical/etectronic/programmabie electronic saf

systems

ety-related

IEC 61508-3, Functional safety of
electrical/electronic/programmable electronic safety-related
systems — Part 3: Software requirements

IEC 61508-3, Functional safety of

systems — Part 3: Software requirements

electrical/electronic/programmable electronic safety-related

IEC 62061, Safety of Machinery — Functional Safety of Safety-
Related Electrical, Electronic and Programmable Electronic
Control Systems

Related Electrical, Electronic and Programmable
Control Systems

IEC 62061, Safety of Machinery — Functional Safety of Safety-

Electronic

IEEE 4, High-Voltage Testing Techniques

IEEE 4, High-Voltage Testing Techniques

IEEE C37.09, Standard Test Procedure for AC High-Voltage
Circuit Breakers Rated on a Symmetrical Current Basis

IEEE C37.40, Service Conditions and Definitions

Fuse Disconnecting Switches, and Accessories

for High-

Voltage Fuses, Distribution Enclosed Single-Pole Air Switches,
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Canada

United States

1ISO 10380, Pipework — Corrugated metal hoses and hose

assemblies

1ISO 10380, Pipework — Corrugated metal hoses
assemblies

and hose

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

1ISO 13849-1, Safety Of Machinery — Safety-Related Parts Of

Control Systems — Part 1: General Principles Fo

r Design

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

1ISO 7000, Graphical symbols for use on equipm
Registered symbols

ent—

ISO 7010, Graphical symbols — Safety colours and safety signs
— Registered safety signs

ISO 7010, Graphical symbols — Safety colours a
— Registered safety signs

nd safety signs

ISO 12100, Sa

fety of machinery — General principles for design

— Risk assessment and risk reduction

1ISO 12100, Safety of machinery — General princ
— Risk assessment and risk reduction

iples for design

1ISO 19372, Microturbines applications — Safety

1ISO 19372, Microturbines applications — Safety

National Buildihg Code of Canada — Emergency Lighting

NFPA 101, Life Safety Code

NFPA 37, Stan
Combustion E

dard for the Installation and Use of Stationary
gines and Gas Turbines

NFPA 37, Standard for the Installation and‘Use
Combustion Engines and Gas Turbines

f Stationary

NFPA 54/ANS

Z223.1, National Fuel Gas Code

NFPA 54/ANSI 2223.1, National Fuel-Gas Code|

UL 94, Tests for Flammability‘of Plastic Material
Devices and Appliances

for Parts in

ULC-C252, GU
Regulators

ide for the Investigation of Gas Pressure

UL 252, CompressedcGas/Regulators

UL 723, Test forSurface Burning Characteristics
Materials

of Building

UL 746A, Polymeric Materials — Short Term Pro
Evaluations

erty

UL (746B, Polymeric Materials — Long Term Prog
Evaluations

erty

UL 810A, Electrochemical Capacitors

UL 991, Tests for Safety-Related Controls Empl
State Devices

ying Solid-

ANSI/AGA NG
for Natural Ga

\V3.1/CGA NGV 12.3, Fuel System Components
Powered Vehicles

UL 1337, LP-Gas, Natural Gas, and Manufactur
Devices for Engine Fuel Systems

bd Gas

UL 1439, Tests for Sharpness of Edges on Equipment

UL 1446, Systems of Insulating Materials — Gen

pral

UL 1973, Batteries for Use in Stationary, Vehiclg Auxiliary

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

ANSI/CAN/UL

9540, Energy Storage Systems and Equipment

ANSI/CAN/UL 9540, Energy Storage Systems g

nd 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 Evaluatiry

g Thermal

Runaway Fire Propagation in Battery Energy St

rage Systems

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

UL 900, Air Filter Units

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

UL 142A, Special Purpose Aboveground Tanks for Specific

Flammable or Combustible Liquids

ULC/ORD-C536, Flexible Metallic Hose

UL 536, Flexible Metallic Hose

ULC/ORD-C558, Guide for the Investigation of Internal
Combustion Engine-Powered Industrial Trucks

UL 558, Industrial Trucks, Internal Combustion Engine-

Powered

ULC-S629, 650 Degrees C Factory-Built Chimneys

UL 103, Factory-Built Chimneys for Residential Type and

Building Heating Appliances

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

Chimneys

UL 2561, 1400 Degree Fahrenheit Factory-Built

Chimneys
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CONSTRUCTION

6 Materials

6.1

The material of a part, such as an enclosure, a frame, a guard, or similar part, the breakage of which

results in a risk of injury to persons, shall have such properties as to meet the demand of expected use

conditions.

6.2 The requirementin 6.1 applies to those portions of a part adjacent to moving parts that involve a risk

of injury to pe

6.3 A part

rsons.

the extent tha
a) The

b) Par

Exception: A
impact test.

7 Frame and Enclosure

7.1 Genera

7.1.1 A unit
protect the va
of the enclos
shock, injury
enclosure req
do present g
terminals, an
shall be insu
servicing of th

a) An

b) An
comp(
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t:

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

[s capable of causing injury to persons are exposed to unintentional contact.

component such as a pilot lamp, lens, or control knob is not required to be suh

shall be provided with one or more enclosures that house all live parts. The er
rious parts of the unit against mechapieal damage from forces external to the u
Lire that are required to be in place\to comply with the requirements for risk o
to persons, and electrical energy — high current levels — shall comply with t
uirements specified in this Standard. Terminals that do not present a risk of elec

risk of electrical high _energy levels such as battery terminals, starter re
l terminals on engine-mounted battery-charging alternators within the engine
ated and secured in. a-manner where the terminal is not able to be removg
e part and protected-from contact by:

nsulator that'eomplies with the requirements in Section 38, Insulating Materials;

insulating, boot/barrier made from polyvinyl-chloride, neoprene, silicone rubbe
und ermaterial.

g affected to

yjected to the

closure shall
nit. The parts
[ fire, electric
e applicable
ric shock but
lay/contactor
compartment
d except for

or

r or a rubber

Exception: Li
energy — high

ot N P~ H tarnal Il Jink Al 4 4 ral £fal oot I I} H
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current levels, are not required to be enclosed.

of electrical

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 part, such as a dial, display face, or nameplate, that serves as a functional part of the enclosure
shall comply with the enclosure requirements.
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7.1.4 When an electrical instrument, such as a meter, forms part of the enclosure, the face or the back of
the instrument housing, or both together, shall comply with the requirements for an enclosure.

Exception: This requirement does not apply to a meter complying with the requirements in CSA C22.2 No.
61010-2-030 /UL 61010-2-030.

7.2 Enclos

7.21

ures and guards

The generator shall be evaluated for risk of injury to persons from electrical hazards, mechanical

hazards and burn hazards. This shall include consideration of the results of breakdown or malfunction of
any component not more than one component at a time, unless one event contributes to another. When

the investigatie
hazard to sg

protective dg
defeated. W
such a devig
characteristic

rvice personnel or user, that component shaII be |nvest|gated for reI|ab|I|ty
vices shall be suitable for the intended use and hazards involved and¢shall
ether a mechanical guard, a release, an interlock, or similar device is required
e is applicable shall be determined from an investigation of the complete unit
s, and the risk of injury to persons resulting from a cause other than/gross neglig

7.2.2 The rotor of a motor, a pulley, a fan blade, a belt, a gear, or other moving part that

causing injuf
unintentional

y to persons shall be enclosed or provided with other guarding means to red(
contact with the hazard.

7.2.3 The dlegree of protection required by 7.2.2 depends-upon the general construction

use of a gu
unintentional
other parts o

Exception: T
personnel to
location of th
or removal g
96.4(s) to pr
hazard expo

724 A mo
in Section 8,
Servicing, ta

a) Th

b) Th

contact with hazardous moving parts is greatly reduced during servicing operat
the equipment.

his requirement does not apply to rnajor repairs that expose trained and q
hazards that are not able to be(addressed by common barriers because of tH

f guards and will require_specific specialized documented repair procedures g

sure while performing.the specialized major repair work.

ving part that involves a risk of injury to persons shall comply with the requirem
Protection.ofiUsers — Accessibility of Uninsulated Live Parts and Moving Parf
ing into_account:

b degrée of exposure required to perform its intended function;

e repair. These repairs often.include but are not limited to significant generatof

can result in a
Guards and
not be easily
and whether
its operating
jence.

is capable of
ce the risk of

and intended

arding means. Protection for service persomnel shall be provided such that the risk of

ons involving

Lalified repair
e nature and
disassembly
s required by

ovide guidance on how\to perform the major repair work and to alert the repair persons to

bnts specified
s — and User

124 £ 4l H ke
ooolidal 'JI ICoOo UT UIC 111U VIl IU |JCII L7}

c) 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

entan

gled, 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 sources, fluid
system piping unions, flanges, and fittings in the event of a leak to reduce or contain splashing, dripping or
spraying of coolant, oil or fuel to reduce the potential risk of causing an electrical fire, fuel fire hazard or

injury to pers

ons.
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7.2.6 Enclosures for medium voltage generators shall be metallic and built to the requirements of UL 50 /
CSA C22.2 No. 94.1. External parts of the enclosure may be of insulating material, provided that medium-
voltage parts are completely enclosed by grounded metallic partitions. These metallic partitions shall meet
the thickness requirements of UL 50 / CSA C22.2 No. 94.1.

Exception: These requirements do not apply to inspection windows complying with the requirements for
Inspection Windows, 5.102.205, of UL 347 / CSA C22.2 No. 253.

7.2.7 Generators containing both low and medium voltage components and circuit wiring shall be
provided with an enclosure surrounding all medium voltage parts in accordance with 7.2.6. Low voltage
parts may be located in a separate enclosure that complies with the enclosure requirements of this
standard otherthan 7.2.6

7.3 Access|doors and covers

731 A doir shall be provided to allow access to a fuse or other overload<protective device, if the
functioning requires renewal or resetting, or where it is required to open the ldoor in connection with
intended opefation of the unit. A means shall be provided to hold the door closed. When the door encloses
medium voltage components or wiring, it shall also comply with 7.3.4 and %.3.5.

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

a) Comnected in a control circuit, provided the protective device and the circuit loads are within the
same genclosure;

b) Ratied 2 A or less for loads not exceeding 100VA;
c¢) An extractor fuse having an integral enclasure; 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-servicéable or -operable parts; and

b) Is marked in accordance with 94.6.

7.3.2 Doorg and covers that provide user or service access, including the function specified in 7.3.1,
shall be consfructed.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 uge 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:

a) An interlock that is solely mechanical, such that the door cannot be opened unless all medium
voltage components or wiring in the compartment are de-energized. The interlock shall also
prevent energizing any medium voltage components or wiring in the compartment until the door is
closed. Electrical or electro-mechanical interlocks may be provided in addition to the required
mechanical interlock, but shall not replace the requirement for a solely mechanical interlock. (The
use of a captive key interlocking system is one method to provide mechanical interlocking.); or
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b) An electromechanical interlock system that combines electrical and mechanical interlock
protection that complies with all the following:

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

NOTE: UL/ULC 6200 includes requirements for disabling generator starting which is one means to energize a

medium voltage circuit.

2) The interlock system shall have at least two different protection means:

1) With different actuafion methodologies; and
i) Requires use of a tool to disable the protection.

3) The interlock system shall comply with the functional safety requirements in

Table 7.1
Functional safety standards

Table 7.1.

Interlocks usin

Interlocks usin

Alternate stan

standards. If tg
be applied.

j electronic devices

b firmware/software

ards may be used in place of UL 1998 and U991 for evaluating the unit’s functional safety. If other
used, the envijonmental stress testing as described in UL 991 shall be applied in addition to the requirements of thg
sts in the other standards are similar to’these prescribed in UL 991, the more severe criteria of both

Standard for Safety for Tests for Safety-Related Controls Employing §
Devices, UL 991. Critical components evaluated using the Computati
Investigation method shall have'predicted failure rates equivalent or b
61508 SIL 2 or ISO 13849-4 RL d.

Standard for Software jn‘programmable components and or equipme
1998 shall be used in‘cenjunction with Functional Safety standards, s
to also evaluate discrete component hardware and non-programmabl

Automatic Electrical Controls — Part 1: General requirements, UL 607
shall comply with Control Class B as a minimum.

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

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

« Safety of Machinery — Safety-Related Parts of Control Systems — P4
Principles for Design, ISO 13849-1. A unit shall comply with a minimu

olid-State
bnal
etter than IEC

ht, UL 1998. UL
lich as UL 991,
EIC’s.

standards are
b other
standards shall

BO-1. A unit

pafety Related

Electronic and
ed to this

rt 1: General
m of PL d.

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

conditions:

a) The cover shall be bolted on all sides with a minimum of two bolts per side;

b) No bolts are operable by hand, without the use of a tool;

c) All bolts are captive fasteners;

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

e) The cover shall be marked in accordance with 95.1 for the unit's operating voltage.
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7.4 Cast metal 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 (consideration being
given to the shape, size, and function of the enclosure), it is found to be mechanically equivalent 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 ¢n? (24 square inches) or less and having no dimension 1.6 (1/16)2 3.2 (1/8)
greater than 15 mm (6 inches)
Area greater thain 154.8 cm? (24 square inches) or having any dimension 24 (3/82) 3.2 (1/8)
greater than 15P mm (6 inches)
At a threaded cpnduit hole 6.4 (1/4) 6.4 (1/4)
At an unthreadgd 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 provisien.of reinforcing ribs subdividing a larger area.

7.5 Sheet npetal 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 spegified in Table 7.3 and Table 7.4.:Uncoated steel shall not be less than 0.81 mn{ (0.032 inch)
thick, zinc-copted 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.

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 tha

least 128 mm (5 /nches) from the surface The thickness sha/l 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.
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Table 7.3

Thickness of carbon steel or stainless steel enclosures

Without supporting frame®

With supporting frame or equivalent
reinforcing®

Minimum thickness, mm (inch)

Maximum width® | Maximum length® Maximum width® Maximum length
cm (Inches) cm (Inches) cm (Inches) cm (Inches) Uncoated Metal Coated
10.2 (4.0) Not limited 15.9 (6.25) Not limited
121 (4.75) 14.6 (5.75) 171 (6.75) 21.0 (8.25) 0.519 (0.020) | 0.58° (0.023)
15.2 (6.0) Not limited 241 (9.5) Not limited
17.8 (7.0) 22.2 (8.75) 254 (10.0) 31.8 (12.5) 0.66° (0.026)| 0.74° (0.029)
20.3 (4.0) Not limited 30.5 (12.0) Not limited
229 (4.0) 29.2 (11.5) 33.0 (13.0) 40.6 (16.0) 0.81 (0.082)|]|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) 107 (0.042) || 1.14 (0.045)
45.7 (18.0) Not limited 68.6 (27.0) Not limited
50.8 (2p.0) 63.5 (25.0) 73.7 (29.0) 91.4 (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 (31.0) 88.9 (35.0) 109.2 (43.0) 1.52 (0.060) || 1.60 (0.063)
63.5 (2.0) Not limited 99.1 (39.0) Not limited
73.7 (2p.0) 914 (36.0) 104.1 (41.0) 129.5 (51.0) 1.70 (0.067)|]|1.78 (0.070)
83.8 (3B.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 (4R.0) Not limited 162.6 (64,0) Not limited
119.4 (4f.0) 149.9 (59.0) 172.7 (68.0) 2134 (84.0) 236 (0.093)||2.46 (0.097)
1321 (5p.0) Not limited 203.2 (80.0) Not limited
1524 (6p.0) 188.0 (74.0) 2434 (84.0) 261.6 (103.0) 2.74 (0.108)||2.82 (0.111)
160.0 (6B.0) Not limited 246.4 (97.0) Not limited
1854 (7B.0) 228.6 (90:0) 261.6 (103.0) 322.6 (127.0) 312 (0.123)||3.20 (0.126)
@See 7.5.4and7.5.5.
® The width is the smaller dimension-of a rectangular sheet metal piece that is part of an enclosure. Adjacent surfacgs of an
enclosure are rjot prohibited ffom having supports in common and being made of a single sheet.
¢ "Not limited" gpplies only-where the edge of the surface is flanged at least 12.7 mm (1/2 inch) or fastened to adjacgnt surfaces not
normally remoVed in use:
9 Sheet steel fof an’enclosure intended for outdoor use shall not be less than 0.86 mm (0.034 inch) thick when metd] coated and not
less than 0.81 hnm (0.032 inch) thick when uncoated.

Table 7.4

Thickness of aluminum, copper, or brass enclosures

Without supporting frame®

reinforcing?

With supporting frame or equivalent

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)

Table 7.4 Continued on Next Page
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Table 7.4 Continued

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)
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) 343 (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) Netlimited 483 49:0) Notlimited 144 (0.045)
241 (9.5) 29.2 (11.5) 53.3 (21.0) 63.5 (25.0)
30.5 (12.0) Not limited 711 (28.0) Not limited 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) 139.7 (55.0)
63.5 25.0) Not limited 152.4 (60.0) Nat limited 2.41 (0.095)
73.7 (29.0) 91.4 (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)
132.1 (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 te 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 comman‘and being made of a single sheet.
¢ "Not limited" applies only when the edge of the surfaceis'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 anly 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 sufface ‘and that has the torsional rigidity to resist the bending moments that are applied via the
enclosure su ace: An example of a constructlon that has equivalent reinforcement is one thct produces a

by compliance

with the apphcable deflection reqwrements and tests in UL 50. In add|t|on to the requwements 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
under the requirements in Section 8, Protection of Users — Accessibility of Uninsulated Live Parts
and Moving Parts — and User Servicing.
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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) An

enclosure formed or fabricated from sheet metal; or

d) An

enclosure-surface looselhr attached to a frame —for examople by snrina clins
B4 ProT oy Lt

7.6 Nonmagtallic enclosures

7.6.1 A pol
wiring shall d

7.6.2 A cor
components
following con

a) Th
comp

b) Th
not g
shockK

c) Th
part i
(see 4

d) Th
forms

The flammah

Exception: A
flammability

ymeric enclosure or polymeric part of an enclosure for low voltage-¢omponents

, circuits, and

pomply with the requirements for stationary equipment in CSA C22:2'No. 0.17 / UL 746C.

nhponent, piece, or nonmetallic part that forms part of an encloesure housing on

y low voltage

circuits, and wiring need not comply with the requirement in 7.6.1 under apy one of the

ditions:

e part covers an opening that has no dimensien“greater than 25.4 mm (1
pnent is made of a material classed as V-0, V-4;V-2, or HB;

b part is made of a material Classed V-0xV-1, V-2, or HB and covers an openin
ve access to the user, when the part issremoved, to live parts involving a risk g
, electric energy-high current levels;.0r'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 than 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
a barrier made of a material classed V-0 between the part and a source of a risk

ility classification shall be in accordance with UL 94.

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

nch) and the

g which does
f fire, electric

thes) and the
f a risk of fire

a device that
of fire.

with the same

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.

7.6.5 A conductive coating applied to a nonmetallic 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.
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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

comply with the thermal insulation 20-mm (3/4-inch) flame test of 103.4 or have a flame spread index of 0
— 25 when tested in accordance with UL 723 / IEC 60695-2-13.

7.6.8 Fori

intended to €
polymeric acq
rated as follg
dimension gr
index as shov

Exception: TH
a) Win

b) Ma

arnal areas of the enaine aeneratorwalk-in anclosure where Lsers - or sen/ic
J J

nter the space to operate or service it, polymeric materials such as polymérig
ess barriers, walls of an enclosure, or insulation on the walls of an engine‘gene
ws. Any single unbroken section greater than 0.93 m? (10 square feét) or a
pater than 1.83 m (6 feet) shall have a maximum flame spread index:and smo}
yn in Table 7.5 as tested in accordance with the UL 723.

is requirement does not apply to the following:
b and cables; and
erials less than 0.9 mm (0.036 inch) thick directly applied to walls, floors, or ceili

Table 7:5
Sound and thermal enclosure insulation index

persons are
enclosures,
rator shall be
single linear
e developed

hg surfaces.

Location within enclosure

Flame spread index Smoke developeg

index

Walk-in area
Intake Plenum
Void area

0-25
0-25
76 — 200

0-50
0-50
0-450

hrea

7.7 Viewing

7.7.1 Aview
it is not readil

7.7.2 Glass

panes

ing pane cavering an opening in a low voltage compartment shall be secured in
displaced’in service and provides mechanical protection for the enclosed parts

for-anopening in a low voltage compartment shall comply with the following dim

place so that

ensions:

a) Gla

SS Tor an opening not more than 1TUZ mm (4 Inches) In any dimension shall not

1.6 mm (1/16 inch) thick;

be less than

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-M90 / ANSI Z297.1; or

2) Be subjected to the test described in 80.2.

7.7.3 Viewing panes covering an opening in a medium voltage compartment shall:

en, complies
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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

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

7.8 Openings for wiring

7.8.1

The requirements described in 7.8.2 — 7.8.9 apply to fixed units.

7.8.2 Whe

threads for the connection of conduit are tapped all the way through a hole-in

wall or where an equivalent construction is employed, there shall not be less than three.horn
threads in th¢ metal, and the construction of the enclosure shall be such that a conduit bush
of being properly attached. Where threads for the connection of conduit are not tapped all the¢ way through

a hole in an

metal and th
standard cor
rigid conduit.

7.8.3 Clam

nclosure wall, conduit hub, or similar device, there shall not be less than 3-1/2
bre shall be a smooth, rounded inlet hole for the conductors equivalent to that
duit bushing with an internal diameter the same as that of the’corresponding

ps and fasteners for the attachment of conduit, electrical metallic tubing, an

nonmetallic flexible tubing, nonmetallic-sheathed cable, service cable, and similar dev|
supplied as & part of an enclosure shall comply with CSA C22:2 No. 18.1 / UL 514A and C
18.3 /UL 514B.

7.8.4 A knpckout in a sheet-metal enclosure shall\be secured and shall be removable V
deformation pf the enclosure.

7.8.5 A knpckout shall be provided with ‘aflat surrounding surface intended for proper
conduit bushing, and shall be located so that installation of a bushing at any knockout to b

installation d
specified in S

pes not result in spacing(between an uninsulated live part and the bushing to be
ection 25, Spacings.

an enclosure
hore than five
ng is capable

hreads in the
brovided by a
trade size of

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

vithout undue

seating of a
e 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 7.8.5, it is totbeassumed that a bushing having the dimensions specified in Table 7.6 is in
place, in confunction with'a single locknut installed on the outside of the enclosure.
Table 7.6
Knock hole si | di . f bushi
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 (7/8) 25.4 (1) 9.5 (3/8)
20 (3/4) 27.8 (1-3/32) 31.4 (1-15/64) 10.7 (27/64)
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)

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)
65 (2-1/2) 6.2 3) 81.8 (3-7/32) 19.1 (3/4)
78 3) 92.1 (3-5/8) 98.4 (3-7/8) 20.6 (13/16)
91 (3-1/2) 104.8 (4-1/8) 112.7 (4-7/16) 13.8 (15/16)
103 ) 1175 (4-5/8) 126.2 (4-31/32) 25.4 1)
116 (4-1/2) 130.2 (5-1/8) 140.9 (5-35/64) 27.0 (1-1/16)
129 B) 729 (5-518) 158.0 (6-7732) 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 ah enclosure not provided with conduit openings or knockouts, spacings not less than the
minimum sp¢gcified in Section 25, Spacings, shall be provided between uninsulated live|parts and a
conduit bushjng installed at any location to be used during installation. Permanent marking on the
enclosure, a template, or a drawing furnished with the unit is used to specifysuch a location. The specified
location of the openings shall be such that damage to internal parts shall not result when ppenings are
made.

7.8.8 With respect to the requirement in 7.8.7, means shall be provided so that an opening [for conduit is
capable of bging made without subjecting internal parts to<contamination resulting from the presence of
metallic parti¢gles. Compliance with this requirement is aeccomplished by the use of a remoyable, bolted
plate.

7.8.9 A polylmeric- or metal-closure plug for an-unused conduit opening shall comply with C$A C22.2 No.
18.1/ UL 514A.

7.9 Openings in an engine generator.or electrical panel enclosure

7.9.1 The ehclosure of a unit shall be designed and constructed to reduce the risk of emisgion of flame,
molten metal|flaming or glowing particles, or flaming drops.

7.9.2 Barrigrs shall be-provided behind all ventilating openings into medium-voltage compgrtments. The
barrier shall e effectively secured in place and shall prevent drawing a straight line from any [point outside
the enclosur¢ to any medium voltage live part, including insulated parts such as cableg (other than
shielded cablps)."These barriers shall be metallic barriers, or shall be of a non-metallic material type and

thickness sufficient to meet the impulse and dieleciric 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.

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.
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7.10 Enclosure bottom openings

7.10.1 A complete noncombustible bottom or a construction employing individual nhoncombustible
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 that they are to be installed on a noncombustible surface.

Exception No. 1: Ventilating openings along the base of an enclosure are not prohibited when there is no
access to live electrical components. Ventilating openings in the bottom of an electrical panel are not
prohibited when noncombustible baffle plates are provided to reduce the risk of materials from falling
directly from the interior of the unit onto the supporting surface or any other location under the unit. An

example of s

ch a baffle is illustrated in Fiqure 7.2
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D. 2: Ventilation openings in the bottom of an electrical panel enclosure~aré
enings incorporate a perforated metal plate as described in Table 7.7,,0r a
b/ screen having a 14 by 14 mesh per inch (25.4 mm) constructed of.wire with
8 inch) minimum.

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

. 4. Ventilating openings without limitation on thejr size and number and compl

in the base of the engine generator enclosdreror bottom panel are not prohi
ontain only wires, cables, plugs, receptacles, transformers, and impedance
tected motors.

. 5: Ventilating openings are not prohibited in the bottom panel or along the bas

e installation instructions state“that the generator assembly shall be install
Listible materials; and

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

reference t0.7.10.1, including all exceptions, any ventilation openings into me
s shall be'previded with the barriers required by 7.9.2

hot prohibited
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a diameter of

V-0 or better
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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
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/\_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 Whereverreference measurementsare required-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
requirementg 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 (15-1/2)
540 (2-1/8) 4445 (12:[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 integfrallenclosure 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 from-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 —
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— ANY CONVENIENT LENGTH
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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 pr
provided by 3
with a maxim

8.8 With ref|

A

~=— 101.60 mm (4 inches)

6.35 mm (1/4 inch) Rad.

B

bes 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.

bbes specified jn 8.6 shall be used as measuring instruments to judge the

im force 0f4.4 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

s 1 } IS P ol :
yHuriaricdr provuc tiat 15 isCreyd irouyrt ure UPCeTITy.

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

robe 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-pottom that are accessible without tipping, turning over, or otherwis
htended installed position.

8.13 During

j thevéxamination of a unit to determine whether it complles with the requirem

Dimensions in millimeters

 as specified
o be inserted
e moving the

ents in 8.4 or

(to attach an

accessory, to make an operatmg 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 umnsulated medium voItage components and W|r|ng mcIudmg low voltage circuits
that are not ise essible to the
user. They shall be Iocated behind boIted covers or mterlocked doors that are not reqwred fo\we 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 requirements described in 9.1.2 and 9.2.2 are used~{6 determine when the VJoltage of an
accessible liie part poses a risk for electric shock. Determinationvof whether a live part is accessible to
users and sefvice personnel is specified in Section 8, Protection of Users — Accessibility of Uninsulated
Live Parts angl 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 electric 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 42.4V, peak 21.2 'V, geak

3. Puredc 42.4°V 30V

4. DC interruptgd at'a rate of 10 to 200 Hertz 248V, peak 12.4 V, geak

5. Combinationsof-dc 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.



https://ulnorm.com/api/?name=UL 2200 2020.pdf

SEPTEMBER 29, 2020

ANSI/CAN/UL/ULC 2200

47

Figure 9.1

Maximum voltage
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9.2 Stored energy
9.21 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 CO7 where 0.00328 < C < 2.67

V <367 where2-67<€<43-%

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, Vo|ts
0.00328 or less 40,000
0.005 29,749
0.01 18,313
0.02 11,273
AfetorBry 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.
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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
AGS53,
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

combinations
annealing, wi

Steel Maving a thickness of 1655 than 3.05 mm (0. 12 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 minimum 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.

inc coating, other than that provided on hot-dipped ill-galvanized sheet stg
d to an average thickness of not less than 0.015 mm (0.00061 inch) on each s
im thickness of 0.014 mm (0.00054 inch). The thickness of the coating shall bg
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 describe
6, Nonmetallic enclosuresyand 103.6, Corrosive atmosphere test.

eference to 10.2 (C)and (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, Nonrmetallic enclosures, and 103.6, Corrosive atmosphere test.

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

provide equivi

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

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 sectio

n 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, painte

d, 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 Indoor ferrous metal enclosures and external ferrous metal parts attached to these enclosures
either:

a) Shall be protected against corrosion by enameling, painting, galvanizing, or ottler equivalent
means; or

b) Shall be tested in accordance with the 24-hour salt spray test requirements of CSA C22.2 No.
94.2 JUL 50E.

11 Mecharlical Assembly

11.1 Loosehing of parts in a unit as a result of vibration due to handling and operation of thg unit shall not
result in a risk of fire, electric shock, injury to persons, or electricalehergy — high current levels.

11.2 Screws, nuts, bolts, and fittings with properly applied*thread locking compounds, lock washers,
safety wire (locking-wire), screws, nuts and bolts tightened by means of a power tool, rivets, and staked
and upset scfews are not subject to loosening. See 11:3.

11.3 The construction of staked and upset screws is to consist of an interference fit betwegn the nut and
bolt resulting|in uneasy turning of the screw. This is accomplished by:

a) The use of a center punch applied to the end of a bolt after assembly;

b) Migmatching of the nut and bolt threads; or

c) The equivalent (distorted thread locknut).

11.4 A rotafing part that;\when loosened, results in a risk of fire, electric shock, electrical gnergy — high
current levels, or injuryo persons shall be assembled so that the direction of rotation tends|to tighten the
means that hold therotating part in place.

used to hold a

rotating part in Ie i no riited. T
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;

c¢) 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 Ablow
or equivalent
falling from its

a) Bol

b) Bol

c) Bolfs and screws having a compression type lock nut;

d) Riv

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

12 Switche

12.1 A swit
circuit that it d

12.2 A prim

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

a) Rat

5 and Control Devices

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;

pts.

blower or fan motor, including the blower or.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
pnt.

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

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

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

h 75 percent,
her:

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

12.6 A 240 Vor 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) Th
condy
disco

12.8 Atran
UL 1008 or ¢
enclosure, th

12.9 Mech
switches in C

1210 Whe
between the
upper positio

Exception: Ti
a)As
b) Ad
c)Arn
d) An
12.11  Outp

generator sh
removable o

e grounded conductor Is disconnected by a switch that is so arranged that
ctor is not disconnected until the ungrounded conductors of the circui
hnected.

sfer switch used to connect the load shall comply with requirements)in/lCSA C22
SA C22.2 No. 178.3 / UL 1008A. Where a transfer switch is not contained insid
e transfer switch may be provided as an accessory.

pnical and electromechanical switches shall comply/with the applicable req
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 than’one “on” position (such as a bypass switch);
ouble throw switch;

Dtationally-operated Switch; or

bcker switch.

ut 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

Lirements 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

144 The o
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
15.1  The

disconnectior]
assembly eit

inadvertent movementJor 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.

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

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

penerator assémbly shall be provided with a prime mover start disable
device or a lockout switch that positively prevents the startup and operation of 1
per 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

berating handle referenced in 14.2 (b) shall be op€rable without exposing th¢ operator to

ilated.

P53 / UL 347,
ed in the site

ng with other

s such as utility interactive generators or generators used in parallel with othgr 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 A21{2 — 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 ¢omplies 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 requirements specified in Section 30, Accgssible Signal
Circuits.

17.1.3 Proyision 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 conductor shields 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 the 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 I, 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 metal for which it is marked. See 93.7,

17.1.10 A fleld wiring terminal for low voltage conductors shall be provided with a pressure terminal
connector of pther than the crimping type that is securely fastened in place — for example, firmly bolted or
held by a scrgw.

Exception Ng. 1: A pressure terminal connector, including a crimping type, when used is field-installed in
accordance with 17.1.12.

Exception No| 2: A wire-binding screw employed at a wiring terminal intended for connection|of a 10 AWG
(5.3 mm®) or $maller canductor is not prohibited when upturned lugs, a cupped washer, or the|equivalent is
provided to hold the wire in position.

17.1.11 A field-wiring terminal shall he prevented from turning or shifting in pasition by almeans 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 assembily;
2) Mounted on or separately packaged with the unit; or

3) Specified in the instruction manual.

¢) 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 a tool for securing the conductor, identification of the tool and any required’ ins{ructions shall

be ind

e) Ing
comp|

17.1.13 An
described in

17114 A
diameter).

Exception N
of a:

a) 14
b) A 1

Exception N
0.82 mm?) c{

17.1.15 AV

17.1.16 A terminabplate tapped for a wire-binding screw shall be of metal not less than 1.}

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.

wire-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.

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

Y7 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) Damage to the terminal supporting member;

b) Loss of continuity;

¢) 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 The
tapped hole t

Exception: T
4.47) when &
when subject

17.1.18 Atg
identified as d

17119 Af
which it is co
mm?) or large
A field-wiring

Exception No
size branch ¢

Exception Ng
which it is co
factory-provig
construction (

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

remot
splice

b) The
an ind

b provide at least two full threads is not prohibited.

o full threads are not required for a terminal in a LVLE or limited-energy cifcuit
lesser number of threads results in a secure connection in which\the threads
bd to the tightening torque specified in Table 17.2.

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

eld-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 mm?), 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 e
omplies with the cenditions in (a) — (c):

b-control assembly, and the wire connector is intended for the combination of
s

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

e metal at the

see 4.43 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 Oy
exposure.

17.2 Openings for conduit or cable connection

17.21 An
connection o

Exception: A
knockout.

17.3 Openings forclass 2 circuit conductors

[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 exposedito water and UV shall be rated for w

bpening or knockout complying with the requirements specified in 7.8 shall bg
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 nnfr\]/ of a conductor or conductors of a Class 2 circuit shall be prg

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

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

a) An

b) A

attach
Sectio
requir

17.4.2 Output receptacles shall be rated for the application including electrical and e

conditions.
18 Wiring S
18.1 Wiring

18.1.1 Ther|
cables likely
that may cont

18.1.2 The adequacy of wiring space_shall be judged using:

a) The
excep
(140°H

b) The
be ins

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.

pace and Wire Bending Space
space

b 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
that for low voltage circuits with ampacities of 110 A or less, the size shall be b3
F) insulated conduetors although the marking specifies 75°C (167°F) wire;

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.

pr

arts with the
uirements in
the tests and

nvironmental

se wires and
h conductors

b with 17.1.8
sed on 60°C

ng space will

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 Wireb

18.2.1

ending space for low voltage conductors

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 Ifth
space may b

18.2.7 If a
connector, th

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

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

bre is no barrier between two sections of a group, up to one third of the required
e 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 The|distance mentioned in 18.2.1 — 18.2.5 is to be measured in a straight line from the edge of the

wire terminal
C of Figure 1
as close to

provided to

connector, o
made if it do
more conneg

closest to the walhin"a direction perpendicular to the box wall or barrier. See ill

Istrations A —

8.1. The wire términal shall be turned so that the axis of the wire opening in th
perpendicularito the wall of the enclosure as it can assume without defeatin
revent its turning, such as a boss, shoulder, walls of a recess, multiple bolt
the like. A barrier, shoulder, or the like is to be disregarded when the measure
bs notireduce the radius to which the wire must be bent. If a terminal is provid
tors for the connection of conductors in multiple, the distance is to be measured

opening clos
example, by
measured at

the walls of a recess — so that
the wire opening nearest to the wall in a direction perpendicular to the wall.

connector is
any means
securing the
ent is being
d with one or
from the wire
osition — for

they are turned toward each other, the distance is to be

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

18.213 Th
compliance W

artment intended for an ungrounded conductor.

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

accommodat¢ the conductors in question, and the knockout or knockouts atisuch other p

conveniently

18.2.14 A 14

sed in the intended wiring of the device.

brminal compartment is considered to be a space inte/which wires will normall

only for conngction to terminals in that space.

18.2.15 WH
connector, th
accordance W

a)Ab

b) Drg
directl

ere a conductor is not likely to enter or leave the enclosure surface oppq
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 T4 (12) 356 T4 (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 kcmffl) 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 (1) 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) - - - - c -
1250 559 (22) - - - - = -
1500 610 (24) - - - - - -
1750 610 (24) - - - 4 - -
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 ong removable
wire cpnnector per terminal); and

2) Thg 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 conductor 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 (563.5-74) 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.



https://ulnorm.com/api/?name=UL 2200 2020.pdf

SEPTEMBER 29, 2020

ANSI/CAN/UL/ULC 2200

65

D, is the distan

through.

D, is the distang

pass through.

D; is the width o
2 A conduit oper]

space specified
b A conduit ope
terminal lugs eit
knockout is not

¢ A conduit ope
opening or kno
provided. D, sha
9 When a barrie

Figure 18.1
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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
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D, and D, above) is to be measured from the end of the barrier.

le (see notes for

¢ 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.
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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 arod

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 (com

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.

applications where generator field wiring comes upthrough the floor into a
pr switchgear enclosure, the minimum wiring space etween 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

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

perating 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.



https://ulnorm.com/api/?name=UL 2200 2020.pdf

SEPTEMBER 29, 2020 ANSI/CAN/UL/ULC 2200 67

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 respect to 18.4.1, equipment rated above 2.4 kV will always be installed u

conductors.
For equipme
installation in

18.4.3 Whsd
maximum Si3
provided by

18.4.4 For
determined (
unless the e
single condu

19 Output

19.1 Gene
19.1.1 The
accordance
Part |, Sectio

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

mes the overall diameter for non-shielded conductors; or

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

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.

the purposes of determining the required bending space, the conductor
sing the worst case for type MV-90 cables from Tables 311.60(C)(73) through 3
Huipment is provided with-instructions limiting the type of cables (copper or al
Ctor, triplexed, or three conductor cable) and raceway location (in earth or air).

Circuit Grounding
al

generator assembly shall be provided with a means for grounding the out
ith, the National Electrical Code, NFPA 70, Article 250, and the Canadian EIg
n\10.

5 need not be

sing shielded
d conductors.
d conductors,

the type and
d instructions

size shall be
11.60(C)(80),
uminum only,

but circuits in
pctrical Code,

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 2020.pdf

68

ANSI/CAN/UL/ULC 2200

SEPTEMBER 29, 2020

19.1.3 With
a) Sin
b) Sin

¢) Mu
condu

d) Mu
condu

In Canada, th
Identified Corf

19.1.4 Grod
19.1.5) conng

a) The

b) Th

i) 120V, 2-wire;
ii) 240/120 V, single-phase, 3-wire;
iii) 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 in which the

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 one phase is

used as the grounded circuit conductor.

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

Part | Section 36.

reference to 19.1.2, the conductor to be grounded shallbe as follows:
jle-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.

ductor.

cted between*the grounded conductor referenced in 19.1.3 and to:

enclosure of a metal-enclosed unit; or

5]

=

4) For other units, an output alternating current power circuit complying 'w

Electrical Code, NFPA 70. Output circuits over 750 V in Canada shall comply v

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

nding of the cireuits specified in 19.1.2 and 19.1.3 shall be made by a bonding

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 AWG or

Minimum size of output circuit
bonding jumper AWG or kemil

Column 1 AWG or kemil (mm?)® kemil (mm?) (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  (1072) 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 (85(0) 250 (127) 2509 (127) 250 (127)
1600 4/0 (10)7.- 350 (127) 3/0 (85.0) 250 (127) 300¢ (152) ||400¢  (203)
2
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 {4 24-25 {6-633)
26|7 (3) 26.45 (0.0¢41)
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)
8p (3/0) 85.16 (0.1B2)
147 (4/0) 107.10 (0.166)
137 (250) 126.45 (0.1p6)
192 (300) 152.26 (0.2836)
177 (350) 177.42 (0.275)
243 (400) 202.58 (0.3114)
243 (500) 253.55 (0.3P3)
304 (600) 304.0 (0.4171)
395 (700) 354.84 (0.5p0)
390 (750) 380.00 (0.59)
445 (800) 405.16 (0.6p8)
507 (1000) 506.45 (0.7B5)
608 (1200) 607.73 (0.742)
643 (1250) 632.90 (0.981)
760 (1500) 760.00 (1.178)
847 (1750) 887.00 (1.3774)
10f0 (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
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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

19.21 Allo
ground to cd
current invol

19.2.2 Whsd
less than 11
instructions.

Exception: Dj
a)Th

b) Th
circui

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 interrupters\des
ed.

n installed on the generator, the ground fault circuit interrupter shallhave a cur
5 percent of the circuit rating and shall be installed in accordance with i

edicated purpose generator component outlets shall eafmply with the following:
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;

z, 3-wire with
igned for the

ent rating not
Is installation

arked branch

c) A single outlet may be provided per dedicated purpose generator component; and

d) Deplicated purpose generator outlets’shall be marked in accordance with 94.15.
19.2.3 Groyind fault protection for circuits operating at 120/240 V shall comply with CSA C22.2 No. 144.1
/ UL 943.
19.2.4 Gropnd fault protection/for circuits other than addressed in 19.2.1 shall comply with CSA C22.2
No. 144 / UL[943C.
20 Equipment Grounding
20.1 There| shall’'be provisions for grounding all dead metal parts of a unit that are exposged or that are
capable of benmg contacted by a personm auring mtendedoperation or adjustmentand thatare capable of

becoming en

ergized as a result of electrical malfunction.

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 An eqyipment-grounding point shall be located so that the risk the grounding means.isjinadvertently
removed duripg servicing is reduced.

20.8 A freelend of an equipment-grounding lead shall be insulated (for examplé€;\the end i to be folded
back and tapgd to the lead) unless the lead is located so that it does not contact live parts in the event that
the lead is not used in the field.

20.9 An equipment-grounding lead for low voltage equipment shall be*a size specified in{Column 2 of
Table 19.1. The lead shall have a free length of at least 152 mm (6 inches) and the slirface of the
insulation shall be green with or without one or more yellow"stripes. No other lead in a field-wiring
compartment|or visible to the installer shall be so identified.

Exception: The color coding requirement does not apply.to low-voltage Class 2 circuits provfded the low-
voltage leadsl|are:

a) Logated remote from the line-voltage.-connections and the segregation complies with the
requirements in Section 32, Separation-of Circuits; or

b) Mafked in accordance with 93.17,

20.10 An epuipment-grounding «conductor shall not be spliced. If the equipment grounding conductor
consists of a [ground bus, the bus:may be provided with a bus splice, if the splice is of the same material
and cross segtional area as the ground bus.

20.11  An |equipment-grounding connection, equipment-grounding conductor, enclosure, frame,
component mounting_panel, or any other part connected to earth ground shall not carry clirrent except
during an ele¢trical\malfunction. See 26.1.

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 Table(19.1.
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 bpcoming 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 unjinsulated metal parts of the enclosure, motor frames.and mounting bracket$, component
mounting brackets, capacitors, and other electrical components“that involve a risk of ele¢tric 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 dutside of an enclosure or cabinet and isolated from electrical components|or wiring by
grourided metal parts so that they do.not become energized;

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

c) 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 or-cover that is insulated from electrical components and wiring by an insllating barrier
of vulcanized.fiber, varnished cloth, phenolic composition, or similar material not lesg than 0.8 mm
(1/32|ineh) 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
47 (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) 6.4 174y U8 (0.032)
6.4 (0.250) 8.0 (5/16) 0.8 (0.032)

21.4 Wherg 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

746A. See alg

215 A sep

intended for yise as an electrical conductor. Ferrous metal parts inthe grounding path shall

against corro

strap shall:
a) Be
b) Not
unless
c) Not
21.6 The bg
welding, sold
F). The bond

provide meta
of rubber or s

021.8.

brate component bonding conductor shall be of coppera copper alloy, or o

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.

bring, or brazing with materials having a softening or melting point greater than
ng connection shall.penetrate nonconductive coatings, such as paint or vitreous
-to-metal contact. Bonding around a resilient mount shall not depend on the cla
milar material, ether than as indicated in 21.8.

referengeyto 21.6 where penetration of a nonconductive coating is not dg
a Graunding Impedance Test, Section 73, shall be conducted.

21.7 With
examination,
21.8 A con

ther material
be protected
conductor or

ame;

br grounding,
hnd

nding shall be by a positive:means, such as by rivets, bolted or screwed conngctions, or by

455°C (850°
enamel and
mping action

termined by

hactinn that AananAe tinan tha Alamanine Aantinn Avartad Ky mihihay A o lar

aterial is not

1
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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 A separate component-bonding conductor shall:

a) Not

b) Not

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

¢) Comply with the applicable marking requirements.
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21.10 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 Wiring

221 Wires
22.1.1 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

ng exposed to flexing from vibration or other normal generator functions or maintenance shall

ed type.

2213 Al

fluorinated e
test requiren
equivalent.

Exception: T|
22.1.4 Wire
22.1.5 Wirg
22.2 Prote

22.2.1 Inte
Users — Accq

Exception: In
so thatitisn

22.2.2 Wirg
reduce the ri

capable of damaging the conductor insulation. Wireways shall comply with the requirements

No. 26 /UL 8

low voltage wiring shall be polyvinyl chloride (PVC), polytetrafluoroethy
hylene propylene (FEP), or neoprene insulated, or shall comply with the verti
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 rated for-UV exposure.

ction of wiring

nal wiring shall not be accessible when judged in accordance with Section 8,
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 o
sk of uninténtional contact with any sharp edge, burr, fin, moving part, or simil

70.

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 Con(
wall or partitid

23 Current
23.1

23.1.1 Acu
other materia

Exception Nd
(such as for g
semiconductq

Exception N
current-carryi
governor, mo

23.1.2 Anu
the base or
reduction of s

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 p4
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:meétal 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 )or magnetically operated leaf switches, within a n
or terminals included, or where the temperature is in excess of 100°C (212°F).

ninsulated live(part and a component that has uninsulated live parts shall be g
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
hded studs of

used for the
hotor and its

o0 secured to
ht results in a

23.21

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 in a 240 V, 3-phase, 3- W|re generator employlng two phase buses and a
neutral and i S 5 =1 s-the B phase.

breakers and
? No. 29/ UL

23.2.6 Spr|

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

h riveted connection involving current carrying parts shall’have a spring washgr at one end

Epring washer or a flat washer at the other end.

23.3.2 Wa
temperature

shers may be omitted in a construction that\has been tested in accordance with the
fest.

23.3.3 Was

Exception: (

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

23.35 Agsf
bus in the joi

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 ing

23.3.6 A flat washer a-split-ring lock washer, or a bolt head that has an outer diameter o

percent of th

a)Th

e bolt shaft may be used in place of a spring washer if:

b joint’does not include any aluminum;

only.

vestigated in

ether.

ring washer may, be: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

¢) 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 Washegrs

23.41 The
of the rivet sh
not less than

the diameter
nk or bolt but

flat washer specified in 23.3.1 and 23.3.5 shall have a thickness of at leasty1/6
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 Oths
current densi
Table 23.2.

bar ampacity shall be determined by compliance*with the Temperature Test of S¢

r 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

23.5.3 The ampacity of a clamped joint\may be higher as covered in 23.5.17.

2354 Abu
voltage powe
incorporating
rating.

23.5.5 Beyq

5 bar shall be sized:in*accordance with Table 23.1 and Table 23.2 if it is conne
I switching devijee,-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

ssemblies, bus bar ampacity may be determifed as specified in 23.5.2 — 23.5.10,

ction 58. For

ltfficient if the

specified in

cted to a low
ansfer switch
bercent 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

barrie

rs adjacent to it.

23.5.11 A wire or bus bar leading to a fuseholder shall have an ampacity not less than thJa rating of the

largest fuse the fuseholder will accommodate unless marked to reference the maximum’fus

exceed the

23.5.12 Ay
less than the

23513 A
units shall h
accordance

23.5.14 Th
overcurrent
number of br
used in the ¢

23,515 Th
used to protg

23.5.16 Th

23,517 Fo
densities gre
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
Bve an ampacity not less than the maximum curreftyrating of the frame unle
vith the current rating of the breaker.

e ampacity of a branch, section, or supply*bus bar or wire supplying m
protective 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 conistructions in low voltage generators, the contact area may re

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

ater than thetmaximum of 31 A per cm? (200 A per in?) specified in 23.5.2, T4

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—kaeefﬁea—afea—avmleble—fer—baekeenﬁeehen—' fof-

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

angle

s, 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 sp

mm (1/8 inch] for a voltage up to 250 V, or 9.4 mm (0.37 inch) for a voltage between 251 to6(

insulators om

23.6.3 Fric
uninsulated |

tted.

on between surfaces may not be used as a means to prevent turning or 9
ve part. Turning or shifting may be prevented by the use of,two screws

noncircular shoulders or mortises; by a dowel pin, lug, or offset; by a connecting strap or clip

adjacent parf
fuseholder, ci
turning would

23.6.4
loosened and
the screws or

23.6.5 Ifa
front of the pa
from turning g

23.6.6 A bg
visible and re
circuit unit to
side.

Exception: A
comply.

; 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.

In d¢termining the adequacy of means to prevent turning or shifting, any screw o

retightened finger-tight without a tool. The bus is then to be pushed to the exts
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.

It, 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 nd

less than 3.2
0V, with any

hifting of an
or rivets; by
fitted into an
ranch circuit
h unit if such

nut is to be
ent limited by

branch circuit unit (circuit breaker or switch unit) rated 600 A or less is removIbIe from the

short circuit

to fall if it is
e the branch
us on its line

t required to

Ampacity-¢

Table23.1

r output

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?)
(0.21-
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| 9)
(0.50-
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)
(0.80-
600 6.4 by 50.8 (0.250 by 2.000) | 322.6 | (0.500) | See Table 23.1 See Table 231\ ([ 518.1 [ 0)
(1.06-
800 6.4 by 76.2 (0.250 by 3.000) | 483.9 | (0.750) | See Table 23.1 See Table23.1 || 688.4 | 7)
NOTE 1 —See p3.5.11 — 23.5.13. For multiple buses in parallel, refer to Table 23.1. The minimum coritact'area at a flamped joint

exceeding the

shall provide ng

NOTE 2 - Boltd
cadmium for ar

NOTE 3 — Theg

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

Pmperatures

5 Minimum con

@ A bus bar hay
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

2371 Ac

equivalent at

Exception N

compound o

Exception N
described in

24 Electridal Connections

irrent-carrying, aluminum heat sink ‘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.

241

The r(fquirements described in 24.2 — 24.7 apply to connections of internal wiring th

diated or the

ide inhibiting

cycling tests

at are factory

installed.

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) Wrapped 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
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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 wi ' 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. Qpen-end spade lugs shall not be used to secure medium voltage-conductors.

24.7 A splige shall be provided with insulation equivalent to that of the wires involved unleds permanent
spacings are /maintained between the splice and other metal parts. Insulation of the splice shall be one of
the following ¢r 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-fayers 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\ttibing, sleeving, or tape is not required for use on $plices within
coil windings.

24.8 Electri¢al studs, terminals and connection shall be prevented from rotation.
25 Spacings

25.1 General

25.1.1 The Spacings fora generator intended for use im a generat environment shaftnotbe 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 spacings 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 flow between

short

Exception N

H H P L. H ol ol H
CIreuncu iracCo riaviriy 1euuvCU SPdaulIlitgo.

D. 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 described.in25.1.10
spacing is specified.

Exception N
component S

Exception N

the minimum
and a plated-
br 25.1.11, no

D. 6: Spacing requirements do not apply between/adjacent terminals of a po

semiconductpr device including the connection points of the terminals of the device.

Exception Nq
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.

0. 5: The spacing requirements in Table 25.1 do not.apply to inherent gpacings of a
uch as a switch, lampholder, power switching semiconductor, or a motor. See 24.1.5.

wer switching

. 7: For voltages above 34,000 V, conductcthe Dielectric Test or alternatively thgq Impulse Test

than those in

Exception N¢. 8: If cast insulation bus bars are’used to reduce spacings of the field wiring bgx to less than

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

atively the Impulse Test @nd'Partial Discharge (Corona) Test shall be conducted

the Dielectric

Minimum spacings, mm (inch)

Between an u

Between an uninsulated live part and an uninsulated live

hinsulated live

part and the walls of a metal
enclosure incjuding 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)
(424.2 t0 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) 21.6 (0.85) 25.4 (1.0)
(848.8 to 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 to 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 a insulated stud mounted in metal, the spacin|
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

g shall not be

nce

NOTE 1: Whersg

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 Whs
between surf]

reference to Exception'No. 2 to 25.1.1 concerning conformal coatings, minim

p.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.

re.an uninsulated live part is not rigidly secured in position by means other|
hoes or where a movable dead metal part is in proximity to an uninsulated

um spacings

cent foils are based 'on voltage transient and dielectric voltage-withstand tests in accordance

Jlation in lieu
ite polarity or

than friction
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.


https://ulnorm.com/api/?name=UL 2200 2020.pdf

SEPTEMBER 29, 2020 ANSI/CAN/UL/ULC 2200 85

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

rith-4.43. Qr\gr\lnge in-these circuits nvr\nnrllhn 30 volts rms /A') 4 \olts pnal{\

the Dielectric Voltage-Withstand Test, Sec’uon 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.
25112 The compliance of spacings between live and,dead metal parts connected to the enclosure

within an ins|
the Dielectrid

Exception: A
subjected to
25.2 Insuld
2521 An
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

nsulating liner or barrier of material such as vulcanized fiber is not prohibite
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

dversely affected by arcing. Other insulating materials used as a barrier or as €

%ort of\uninsulated live parts involving a risk of fire, electric shock, or electricg

current shall jcemply with CSA C22.2 No. 0.17 / UL 746C. Vulcanized fiber shall not be empl

described in

required to be

d from being
to 25.1.1 and
or electrical-
be so located
ither direct or
[-energy/high
byed 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.


https://ulnorm.com/api/?name=UL 2200 2020.pdf

86 ANSI/CAN/UL/ULC 2200

SEPTEMBER 29, 2020

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 conditions 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 higher
which the tubing is rated.

25.2.3 Insu
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.

2524 Awr
being used in

bp of thermoplastic tape, complying with CSA C22.2 No. 1977 UL 510 is not pr|
low voltage equipment when all of the following conditions-are met:

a) The

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) lIts
Tempg

temperature rating is no less than the maximum temperature observeq
rature Test, Section 58;

d) The tape is not subject to compression;

e) Theg tape is not wrapped overa 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 Other than-specified in 25.3.2 and 25.3.3, as an alternative approach to the spacing
for low voltage equipment specmed in Spacmgs Sectlon 25, clearances and creepage dlsta

wrap is no less than 0.33 mm (0.013 inch) thick, is.@applied in two or more layers,

than that for

as insulation

bhibited from

and is used

ith less than

during the

es

requirements
nces may be

investigated b2

in 26.4. See

Section 9, Electric Shock ThIS sectlon does not apply to clearance and creepage dlstances in medium

voltage circuits.

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.

2534
requirements shall be used:

a) Spacings shall be based upon the pollution degrees defined in Table 25.2;

In conducting investigations in accordance with C22.2 No. 0.2 / UL 840, the 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
ution degree 1;

No. 0

f) Pol
least
throu

g) Th
equip

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

clearances for equipment) for all points on the supply side of anisolating transforme

prody
secor]

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

Voltage Peak and Clearance; and

h) D¢
accor

i) As
Diele

25.3.5 Oth
polarity and
or that may
alternatively

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 operating voltage.

er than at field-wiring terminals, the spacing between uninsulated live part
pbetween 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.

blication of at
wiring boards

s shall be the
Ir 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 flﬁggapzlisc.:tion 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.


https://ulnorm.com/api/?name=UL 2200 2020.pdf

88 ANSI/CAN/UL/ULC 2200 SEPTEMBER 29, 2020
26 Control Circuits
26.1 A LVLE circuit as described in 4.47 or a limited-energy circuit as described in 4.43 is not prohibited

from being connected to a single-point reference ground.

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

circuits shall be judged by the requirements for primary circuits.

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
B limits of Table 9.1; and

pntrol 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-dcyor

2) Amperes equal to 150 divided by the maximum{yoltage for 30 — 60 volts dc.

boards, insulated wires, and motors used in stich circuits shall be types that ar¢
n. See 22.1, 22.1.3, and 37.1.

Exception: The value of current specified in (b)-is’not prohibited from being exceeded wh

includes an o

26.5 Withr
any condition
the 1-minute
26.4(b).

26.6  With r
connected to
transformer W
end of the wir

yercurrent protection device as deseribed in 26.7 and 26.8.

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

bference to the'voltage limit specified in 26.4 (a), measurement is to be made
the voltage specified in 57.2 and with all loading circuits disconnected. Wh
inding is"used to supply a full-wave rectifier, voltage measurement is to be mad
dingte:the tap.

s—that does not

nt are limited

beified in the

b required for

bn the circuit

bference to the current specified in 26.4(b), the maximum current is to be measured under

usted during
e indicated in

with the unit
en a tapped
e from either

26.7 When

T $eal H i H 1920~ I 20 A4 I HEO P2A | $ Hakl bart Al HS
uic LuUnuul Lifovuit SPCuUIlicu 1 U7 1o TITUL TITTHNTU do U avdiiauvic olrurtruitvuit o

rrent 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 per
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

lical components shall be derated.

circuit of the type described in 26.7, the.s€eondary 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
b generator controls maybe located concurrent with or separate from engine cof

b generator controlS:that perform one or more safety functions where the failurg
bk of fire, electricsshock, or other hazard as defined by this standard, shall bg
vith UL/ULC 6200 including the requirements for Safety Circuits.

e generators that employ a converter/inverter component, sub-assembly, or th
bntrols;shall 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 [ P gy P 4 o 4
T OYSITHT T TOUYrNdlnimiauic CUTTIHUTS TUTOTTICTatulrs.

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 desigh — 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) Design 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 Wherg
product appli
means to mit
assessment §
impacts. Gui
principles for
requirements

a) Lim

b) Lin]

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

standalone power applications;

c) Mai

d) Mg
syster

htain line pressure of an engine driven fire pump system;

nitor critical system sensofs 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 standalehe’ 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, ISO{12100, Sections 5.4, 5.5, gand 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

d) CS
Class

Exception N
and indepen

Exception N
Functional 3
Requiremen
not required

29.4 Contr
limiting prote

a) OV
break

b) So
with t

c) Ad

30 Access

S and/or

B) for Canada.

D. 1: Software/firmware that is performing a supplementary function supporte
ent limiting protection is not required to comply with functional safety requireme

p. 2. Safety Control circuits that meet the requirements of proven in usg
afety of electrical/electronic/programmable electronie safety-related systen
s for electrical/electronic/programmable electronic-safety-related systems, IEC
o comply with (a) — (d).

bl circuits become supplementary functions’when supported by external and
ction. Some examples include, but are notlimited to:

er is provided to protect the generator and generator output conductors.

ftware controlled interlock. of @ transfer switch controller when the transfer sw
he specific transfer switch product standard

Jitional software-based limiting device that meets the requirements of 29.3.

ble Signal Circuits

30.1
connections

30.2 Asig
any of the fol

The r¢

quirements in 30.2 and 30.3 apply to accessible signal circuits having provisio
uchassRS232 communication ports or similar devices.

A C22.2 No. 0.8, Safety functions incorporating electronic technology (minimum of Software

d by external
nts.

elements in
s — Part 2:
61508-2, are

independent

erload protection provided by the prégrammable controller when a separate {use or circuit

itch complies

n for external

lowing:

thput 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 Transformers provided with the generator assembly-shall be evaluated in accordance with the
following Stapdards 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;

¢) CSA C22.2 No. 13/ UL 506; and
d) CSA C22.2 No. 47 / UL)1561.

32 Separatjon of Circuits

321 Factony wiring

e ot £ e P o 00 4 O\ L : "
32.1.1 Insutated——conductors—ofdifferent—circtits \See—Yoz Tz ) wWithi—an—engime—generator 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

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
and starting circuit

<30 V,, (non-sinusoidal)

Limited voltage circuit,
starting battery®

>42.4 V, (non-sinusoidal)

Output/sense/monitor/control/
feedback circuits (non-
sinusoidal) (or output side of
these circuits, when isolation®

<42.4 V, (non-sinusoidal)

Low voltage side of output
feedback circuits, when
isolation® provided

provided to low voltage

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 from a
hazardous vpltage circuit,
regardless of Working voltage
(e.g., a5V cpntrol circuit is
hazardous when referenced
to a 240 V oufput circuit: 5V
across circuif, and 240 V to
gropnd)

AC convenience receptacles,
when provided

Control/signal circuits
accessible to the
user/operator,|or intended for
external pr remote
connections|(e.g., Class 2
Remote-Confrol, Signaling
Circuits — Artcle 725 of the
NEC)

Engine ignition coil output

Gas turbine ignition exciter
output

2 |solation that|meets applicable requirements including construgtion, spacings, electrical strength, abnormal operation.
b See 26.4 for {using requirements, source may have amperage potential of up to 300 A — 1,000 A.

32.1.3 Segfegation of insulated conductars is to be accomplished by clamping, routing, or fan equivalent
means that|maintains permanent separation from insulated and uninsulated live pafts and from
conductors of a different circuit.

32.2 Separation barriers

32.2.1

A bdrrier usedtoprovide separation between the wiring of different low voltage circults shall be:

a) Grpunded:.metal or insulating material complying with the requirements in Section [38, Insulating
Materlials, and no less than 0.71 mm (0.028 inch) thick; and

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,

or injury to persons; and

c) Fiel

32.3.2 Field

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

shall be reliagbly separated by a barrier in accordance with 322. 'When evaluating th

requirements
loop for each
the conductor

a) Wh

the field installed conductors shall be wired as would be done in the field inclug
conductor. No more than average care is to be.exercised in routing the wiring
slack into the wiring compartment. The field instailed conductors are to be wired

en each opening is located opposite a set(ofterminals, it is to be assumed tha

enteripg an opening is to be connected to the terminal opposite that opening.

b) Wh
be co
parts

32.3.3 The
circuits are s

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

as specified ip 32.2.3.

32.4 Equipment aboyé:7,200 V

32.4.1
and their wiri

For ¢quipment operating above 7,200 V, instruments, meters, relays, secondary co

hg'shall be isolated by grounded metal barriers from the primary circuit elemsg

exception of

N circuits are

ed in 32.3.1,
b separation
ing a service
and stowing
as follows:

a conductor

S 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

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,
replacement,

33.1.2 With reference to 33.1.1, a control-circuit fuse does not require renewal as an intended function

when the fusge 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

3314 Ac

Protection of Service Personnel) are not prohibited from being bolted in place.

rcuit breaker connected in the output circuit shall open all ungrounded cond

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 A
protection co

a) Ac

b) Us
33.1.6 And

Exception N

hen a low voltage generator has provisiontfor connection of a grounded neut
gle-pole circuit breakers are not prohibited-as the protection for each unground
ple phase circuits or for each ungrounded conductor of a 4-wire, 3-phase cin
olves a potential to ground in excess of 150 V. This exception does not apd
t breakers.

enerator shall be marked\in accordance with 94.7 when it is provided wit
nsisting of an interchangeable fuse and when the fuse is:

cessible to the user;or

ed to comply with'the requirements in this Standard.
vercurrent protective device shall not be connected in the grounded (neutral) sid

D T3 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 prohibite

conductors of the supply circuit.

o~ whern the protective device Simultarnieously disconmnects the grournded and 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 infended for the application is not required to
comply.

33.2 Contrgl circuits wiring and protection

33.2.1 Aco
device shall f
that results fr

nel, or similar
lectric shock

ntrol circuit that extends from the generator to a remote control panel,-status pa
e protected in accordance with 33.2.2 — 33.3.3 to reduce the risk’of fire and g
bm overload and short circuit conditions.

33.2.2 The
either:

overcurrent protective device specified in 33.2.1 shall be a circuit breaker or fuse that is

a) Intgnded for branch circuit use; or

b) A syipplementary type.

When the pro

tective device consists of a fuse, the generator shall be marked in accordance w

33.23 ACI3

Canadian El

ss 1 power-limited circuit, in aceordance with the National Electrical Code, NFRH

th 94.7.

IA 70 and the
'om a source

ss 1 circuit is

ice shall not
be interchandgeable with overclrrent devices of higher ratings.

33.24 Aneg
be provided

ternal control circuit derived from a Class 2 transformer described in 4.17 is n
ith overcurrent protection specified in 33.2.1.

bt required to

33.2.5 An eixternal control circuit derived from the secondary of a transformer other than that described
in 33.2.3 and'3324-shatt-beprovided-with-overcturrent protectionin—aceordance-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 pr
Rule 26-256

Exception N
overcurrent |
rated second

33.3 Outpu

33.31 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 transfor

D. 1: When the rated secondary current of the transformer is 9 amperés 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
btective 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
protection in the secondary circuit shall be rated ©r Set at no more than 167 [
ary current.

t alternating current power circuits

butput circuit shall be provided with.@vercurrent protection for all ungrounded g
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 cireuit protection and located within 7.62 meters (21
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
b rating of the
or equivalent
b feet) of the

for when the

ase-to-phase

tors intended

to be connec

edtothegeneratoras determinedimaccordance with 7128

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 A cap
shall comply|
CSA C22.2 N

35.3 UL 81
layer capacit

354 Then
type that prg
which it is co

35.5 Unde

capacitor containing oil’that is more combustible than askarel shall not result in a risk of fire,

electric shoc
of the genera

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.

acitor used for electromagnetic interference elimination or power-factor correc
mply 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 normahand 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 Tequirements

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-to 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 Resistofs

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 rotating’by-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 / ULl 796 and UL
94 for a flammability classification of:

a) V-0| V-1, or V-2 for printed-wiring boards totally within non-hazardous secondary cirguits;
b) V-0]when the printed-wiring board assembly is to be evaluated as a flame barrier; of
c) V-0lor V-1 for generator output voltage sensing circuits; or

d) V-0f V-1, or \k2-for 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.


https://ulnorm.com/api/?name=UL 2200 2020.pdf

SEPTEMBER 29, 2020 ANSI/CAN/UL/ULC 2200 101

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 live 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 N(
values highe
Special Arcin

Exception N|
required to ¢

Exception N
within 12.7 1
Category (Pl

Exception N¢. 6: Those materials without CTIl Performance Level Category (PLC) values or

values highe

D. 2. Those materials without HWI Performance Level Category (PLC) values
higher (worse) than those required by Table 38.1 shall alternatively be subjecte
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
pmply with the HAI Performance Level Category (PLC)yequirements.

D. 5: Those materials that are used in devicesythat incorporate contacts and
nm (1/2 inch) of the contacts are not required to comply with the HAI Perfo
C) requirements.

r (worse) than the CTI required-by Table 38.1 shall alternatively be subjecte

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-

product Spegial Arcing Test in accordance with CSA C22.2 No. 0.17 /UL 746C.
Exception N¢. 7: Those materials without CTI Performance Level Category (PLC) values or|with CTI PLC
values highgr (worse) than the CTI required by Table 38.1 shall be in compliance with [the CTI PLC
requirement Wwhen:
a) They have a High-Yoltage-Arc Tracking (HVTR) PLC value of 1 or lower (better); on
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® cTie
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
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Table 38.1 Continued

UL 942 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:-:g::?pi%tzof low-voltage uninsulated)live parts
Thickness RTI
Generic material mm (inch) °C

Any cold-molded 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-Pherjolic 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 minitmum thickness and its RTI value shall not be exceeded during the Temperature
Test, Section 5§.

38.3 In low yoltage circuits, insulating material — such as a relay dust cover, transformer bobbin, 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 Vulcanjized 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 st pport for medium \ml’rngn 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) Hg
dama

b) Be

c) Be

38.9 The re¢quirements 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 f]
ge,

held in place; and

located so that it is not adversely affected by operation‘of the equipment in serv

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
c) 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 N¢
Comparative
materials that

Exception Ng
Comparative
do not apply

. 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

38.12 Insul

ting material for the support of an uninsulated medium voltage part shall be po

n (HAI) and
not apply for

n (HAI) and
requirements
1ts.

rcelain, glass

polyester, or pther material found-acceptable for the support of an uninsulated live part. Th¢se materials
shall withstard the most severe_conditions likely to be met in service, including the impulse @nd dielectric
requirements| specified inythis standard. When the equipment has been previously subjected to the
complete series of confermance tests, an alternate insulating material for the above applicatjons, may be
substituted ap permitted by ANSI C37.55 without performing another complete series of fonformance
tests on the eguipment.

39 Adhesi

39.1 An adhesive that is relied upon to reduce a risk of fire, electric shock, or injury to persons shall
comply with the requirements for adhesives in CSA C22.2 No. 0.17 / UL 746C.

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;
c) 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.

Exception: H
823 and CS
not have an

41 Engine

411 Gene
equipment in

41.2 When
generator as

42 Batterigs

42.1 Batte

caters rated for use in T3, T4, T5, or T6 hazardous classified locations in accord
\ C22.2 No. 88 to protect against ignition of accumulated explosive gases,ang
stallation height limitation.

Starting Equipment

rator 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.

[y compartment

4211
with, or as p
conducting

42.1.2 Arci
the enclosur
closed spacs
not contain 3
the like) may

42.1.3 The

Whr}n a separate lead-acid storage.battery is intended to be placed in a compartn

rt of, the engine generatorcassembly, it shall be secured in position to preven
aterials in the area and be readily accessible for servicing.

ng parts, such as thie-contacts of switches, circuit breakers, and relays, shall nof
e or compartmenthousing a vented battery, nor shall the enclosure or compartn
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 prot

jance with UL

or liquids do

with starting

harger of the

hent provided
t contact with

be located in
nent vent into
onnectors do
sensors and

bcted against

corrosion by

+ £ HA| iotant HEC . 'y £ Linalivadl I balkad $
wuU LUudlo Ul dulu TColotdimt pyairiy, twu Ludto UT TTalticrirdivivdudily Vantu UTT, Ul 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
42.1.5 and 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.

4217 A vd
cabinet for ¢
requirements
/UL 1989, or

42.1.8 Ener

42.1.9 Ener
ANSI/CAN/U

42.2 Batter

4221 The

4222 The
discharge, oV
flow throughg
gas mixture, s

42.2.3 The
enclosure in t

4224 If th
necessitate Iq
compartment

42.2.5 With

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 adjacent to buildings shal
| 9540A.

y enclosure ventilation
equirements in 42.2.2 — 42.2.5 apply to units having vented batteries.

enclosure or compartment housing awented battery where gassing is possible
ut the compartment in order to‘reduce the risk of buildup of pressure or accu
uch as hydrogen-air, involvifg a risk of injury to persons.

he manufacturer's-installation instructions (See 97.1).

e gas mixture, is lighter than air (such as hydrogen-air), the requirement of
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

ventilation shall be, provided by construction of the engine generator ass¢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 determination
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 Ag
output voltag
input ac circd

43 Protect

431 The r
reach over, U
measuremer
within an €|
requirementg
Users — Acd
voltage engi
service pers
accordance

energized.

43.2 Live
electrical end

43.3 An un
and a movin
reduce the n
service, or p

enerator having an integral battery charging circuit rated 60 volts, dc — max
e — or less shall incorporate isolation as specified in Section 31, Transfermers
it and the battery circuit.

on of Service Personnel

bquirements in this Section apply only with regard to service”personnel who f
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 qutput 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.

insulated 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 pe

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

=1a

current levels

— located on the back S|de of a door shall 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 ce
s minimized or be marked in accordance with 94.19.
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Exception: In
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provided with

a) Be
b) Be
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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-Spaces cannot be provided (e.g. ge
k-in) enclosures, gas turbine engine modules, fuel tanks, engine cylinders, exhag
Wworking procedures shall be provided-teraddress worker safety, including consid|
'ds within the special area, as well as-the scope of the work. The special workin
with local codes.

s within a generator enclosure that require a lockout provision for worker sg
a disconnecting means for the generator that shall:

eadily accessible; and
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bt the point of connection of electric power to the generator or the affected circuit;

htact with the

are likely to
or perform
¥0 and Rules

nerator skin-
ust systems,
eration of the
j procedures

fety shall be

44.2 Paneltroards within walk-in enclosures

4421
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 When 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 with¢ut the use of
tools;|and

d) The space between the door 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 Dogrs to the walk-in enclosure shall be designed to prevent persons from becoming trapped
within the wglk-in enclosure. 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 this
Section 44 and additionally:

a) Be constructed such that all medium voltage wiring and components are enclosed by grounded
metal, so that persons entering the enclosure have no access to the medium voltage circuits.

b) Be provided with interlocking in accordance with 7.3.4 that prevents entering the enclosure when
the generator is running or any medium voltage wiring or component is energized.

45 [llumination

45.1 Lighting shall comply with CSA C22.2 No. 250.0 / UL 1598 and be installed in accordJance with the
National Elecfrical Code, NFPA 70, Article 410, and the Canadian Electrical Code, Part)1;’Sedtion 30.

452 Low vaqltage lighting below 60 Vdc and 30 Vac shall comply with CSA C222-No. 250.0|/ CSA C22.2
No. 9.0 / UL 2108 and be installed in accordance with the National Electrical Coede, NFPA 7Q, Article 411,
and the Canadian Electrical Code, Part |, Section 30.

45.3 Emergency Lighting shall comply with CSA C22.2 No. 141 / UL 924 and its installation|shall comply
with National Building Code of Canada — Emergency Lighting / NERPA 101.

454 Lighting equipment shall be rated for applicable environmental exposure within the conditions of
use accountirjg for leaking and spraying of fluids.

46 Inverters, Converters, Power Production Controllers, and Interconnection System
Programmable Controls for Generators

46.1 Enging generators and gas turbines(that include inverters 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 marked in accordance with 94.16.

that include features intended to support operation in parallel with the utility grid and these features have
not been evyaluated for compliance with specific utility interconnection protection dtandards or
requirements, the engine generator or gas turbines shall be marked in accordance with 94.17 and the
instructions specified in 96.6.

Exception: Wlhen engine generators and gas turbines are provided with programmable CO}U’O/ systems

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.
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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.

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 unles

he restoration

of power, unl
47.2.3 Whg

the interrupt
secondary lg

47.2.4 Whg

Drawout Elefnent Interlocks, 5.11.202, of CSA C22.2 No. 253 / UL 347
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allow for spacings less than these in Table 25.1 for ratings 1,000 V and grg
and comply with the Dielectric:Test, the Impulse Test in Section 69, and the Par|
t in Section 70, in addition~to other performance requirements in this Standa

| 1004-4 compliantalternators maybe disconnected during this test.
TION — FUEL'SYSTEMS

Fuel Systems

ng distance.

n the sum of the full load ratings of the CPT and any other connected.transforfers exceeds

o disconnect

uirements for

25.1 shall be
ments in this

nerator field-wiring compartments-which use cast insulated busbars or cast insulating

ater shall be
lial Discharge
rd to validate

48.1 General

48.1.1 A fuel confining part having internal threads made of drawn brass or machined from brass rod
shall be capable of withstanding, without cracking, the 10-day Moist Ammonia-Air Stress Cracking Test,
Section 66.

48.1.2 Enclosed engine generator assemblies shall have ventilation designed to minimize the 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 from entering the
combustion or cooling inlet air stream.
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48.2 Tanks and fuel pumps

48.2.1 Fuel tanks 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 When 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 engine or exhaust-
system parts. Spillage tests shall be conducted when required to determine compliance.

o the tank or
h installed in
haust.

48.2.4 A fugl tank and fill fitting shall be so located as to reduce the possibility of damage)t
its fittings. The fill fitting and exhaust terminus shall be at least 0.9 m (3 feet) apart whe
accordance with the manufacturer's instructions. The fuel fill shall not be located above the ex

b shall be of
erating parts

48.2.5 External fuel-confining parts of an electrically or mechanically operated fuel pum
metal or nonretallic material that meets the requirements of 48.4.1 and 48:4.2. Failure of og
shall not result in external leakage of fuel.

48.2.6 Elecftrically-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 payt of and are

integral to thg
cannot result

48.2.7 An @
shutoff shall

safety shutof]
spilling into th
include partic
prevent degra

48.2.8 Fue

b engine, are submerged or mounted inside _a-non-vented container such that
in a fuel leak outside the container or tank.

utomatically operated positive shutoff ‘shall be incorporated in the fuel line.
be a part of the carburetor, fuel pump, or similar device, or shall be a separg
valve for fuel, and shall prevent fuel from flooding the carburetor or simila

Lilate matter, the fuel systemshall be provided with filtering upstream of the posi
dation of fuel valves or. similar device.

pumps that provide safety shutoff functionality shall comply with the S

e compartment when the engine generator is not operating. Where there are ftr

a pump leak

This positive
te automatic
r device and
els that may
ve shutoff to

bat Leakage

requirementsfand tests from ANSI Z21.21 / CSA 6.5 on the discharge side of the pump.

48.3 Fuel lines andTittings

48.3.1 Metd
or hose shall

lic\fuel lines shall be of annealed seamless drawn aluminum or steel tubing. F

A ] 12N H a4 [ 1= H S 43
VT UoTU Uy wWiitCiT TCUUInTu tU duoUlv vivratiutll.

exible tubing

48.3.2 Aluminum tubing shall have a nominal wall thickness of not less than 0.76 mm (0.030 inch), 0.089
mm (0.0035 inch) minus tolerance. Steel tubing shall have a wall thickness of not less than 0.71 mm
(0.028 inch) and shall have a corrosion-resistant exterior coating equivalent to that afforded by paint.

48.3.3 Flexible tubing or hose shall be marked to identify the manufacturer and model and shall be
evaluated and found to comply with 48.4. Tubing and hose shall not pull off fittings or fail when subjected
to a 89 N (20 pound-force) axial pull test applied over a 1 minute period. The test shall be conducted at
ambient conditions of 21 £5°C (70 +9°F) with tubing or hose wetted with fuel. Hose shall be subjected to
70 hours at 100°C (212°F) aging and 48 hours of 3.175 mm (0.125 inch) amplitude vibration at 17 Hz
before the pull test.
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Exception: Flexible tubing or hose for use with higher pressure diesel fuel injected engines shall be of the
type indicated in Table 48.1 which have been found to comply with 48.3.3.

Table 48.1
Types of flexible tubing or hose

Identification

Standard

SAE J30R13, SAE J30R7, SAE Standard for Fuel and Oil Hoses, SAE J30 — R7 — Low Pressure Synthetic Rubber Tube, R9 —
J30RY” Fuel Injection, Medium Pressure Synthetic Rubber Tube, R13 — Diesel or Biodiesel
SAE J517 100R1 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 100RJ1/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 Combustien Engines; $pecification
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 Fug-line tubing fittings shall be of the type conforming to the Standard for Autpmotive Tube
Fittings, SAE J512, or the Standard for Cast Copper Alloy Fittings for Flared Copper Tubes, ASME
B16.26, or the equivalent.

Exception: P

48.3.5 A Dbd
for General H

48.3.6 Fug
complying w

48.3.7 Exte
are not prohi

48.3.8 Fue
clearance frq
routed so thg

Fessed-in fittings are not prohibited from being used on gravity feed systems.

dy or fitting provided with tapered thréads shall be threaded in accordance with
urpose Pipe Threads (Inch), ASME B1.20.1.

I-line hose fittings shall bé-of the non-adjustable spring clamp or crimp-or
th Dry Seal Pipe Threads, SAE J476 and Automotive Tube Fittings, SAE J512.

rnal fuel-confiningparts of a filter, except a gasket or seal, shall be of metal. Gla
bited when they are located within a compartment in which the system is installe

lines shall~be supported to minimize chafing and to maintain at least 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.

the Standard

type fittings

ss filter bowls
ol

mm (2 inch)
and shall be

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 exhaust-system parts.

48.3.10 Mechanical guarding shall be used where necessary to reduce the risk of access to a
component or 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 or diesel 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 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.
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Table 48.2
Test liquids for nonmetallic materials

Liquid in contact with part Test liquid
Gasoline ASTM Reference Fuels A and C
E85 CE85a
Diesel IRM 903 Qil
Biodiesel B100a
Caustic, corrosive, toxic fluid, DEF Fluid handled

48.4.2 A change in volume of not more than 25 percent swelling or 1 percent shrinkage, and a weight

loss (extractiq

n) of not more than 10 percent is considered as indicating compliance with 48-4

48.4.3 A part made of synthetic rubber which is affected by aging shall not crack or

evidence of @
and a temper

eterioration following exposure for 96 hours to oxygen at a pressureof 2.07 M

hture of 70°C (158°F).

48.5 Corrosion resistance

48.5.1 Whe
provided with

48.6 Carbu

48.6.1 Whe

re corrosion of a ferrous part interferes with the properfunctioning of a part, the

a corrosion-resistant protective coating.

Fetors

re a side or updraft carburetor is used, it'shall be located so that overflow of g

flow to groundl or into a catch tank/reservoir, and it shall not contact electrical parts and exhauy

collect in an
resistance, oi
drain hose wi

48.6.2 A dg
opening, shal

49 Fuel Injg

49.1 Highp
be construct

comply with

engine compartment. Nonmetallic-drain hose, when used, shall comply

resistance, and dry-heat resistance tests of the Standard for Fuel and Oil Hose,

en used shall be routed away/from surfaces exceeding 70°C (158°F).

wndraft carburetor, when“mounted over an engine and having an external fld
have a vent overflow.tube to direct fuel away from the engine in case of fuel ove

ction Systems

essure/fuél injection systems [over 103 kPa (15 psi)] not provided as part of the

VA

1.

show visible
Pa (300 psi)

part shall be

asoline shall
st system, or
vith the fuel
SAE J30. A

at bowl vent
brflow.

engine shall
compression
bonents shall

allic crush or

compression rings shall be identified in the service manual |nclud|ng the proper replacement procedure.
Welded fuel containing components operating at pressures over 850 kPa (125 psi) shall be constructed
using welding practices in accordance with ASME B31.3.

49.2 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.

50 Liquid Fuel Flow Controls

50.1

liquid fuel flow to the engine when it is shutdown for any reason.

No control shall be furnished on an engine generator assembly which allows, by manual operation,
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Exception: Manually operated manual or electric priming fuel pumps shall be allowed for starting purposes
only.

50.2 An automatic engine shutdown sensor shall be provided to detect when the engine is shutdown.

50.3 The automatic engine shutdown sensor shall cause the automatic safety shutoff valve to close in
the event the engine is shutdown. Gas turbines liquid fuel systems shall be supplied by two automatic
safety shutoff valves in series with positive shutoff indication. Compliance shall be verified through the

application of the Fuel Valve Flow Control Test in Section 89.

50.4 An automatic safety shutoff valve (ASSV) shall:

el within less
ne shutdown

a) Clg
than
sensd

se upon shutdown or failure conditions, to automatically stop the flow of liquid-f;
wo seconds. The valve shall close upon command from the automatie.eng
r or programmable control;

b) Be|of the type that fails closed; and

c) Be|100,000 cycle endurance tested.

50.5 An aufomatic valve shall:

a) Operate each time there is a call for fuel,

b) Cd
reaso

mpletely stop the flow of liquid fuel within 2:second of the engine shutting down for any

n!

c) Be
d) Be
A valve that

requirements
UL 428B.

50.6 Wher¢ there are fuels that may include particulate matter, the fuel system shall be
eam of the paositive shutoff to prevent degradation of fuel valves or similar devics.

filtering upstr

of the type that fails closed; and

100,000 cycle endurance tested.

meters or controls fuel flow may serve as the automatic valve if it comy
of CSA C22.2 No. 139 fos'Canada and one of the following for the US: UL 429

51 Diesel

51.1 DEF

xhaus{ Fluid (DEF)

lies with the
, UL 428A, or

provided with

stem components shall be suitable for exposure to the DEF agent, operating ¢

bnditions, and

the operating environment of the infended application.

51.2 DEF components shall not leak or spray DEF and wet critical electrical and or fuel containing,
control or interrupt components. Synthetic-rubber or nonmetallic components relied on to contain the DEF
from wetting critical electrical and or fuel containing, control or interrupt components shall comply with

48.4.2.

52 Liquefied Petroleum Gas

52.1

52.1.1

General

complete fuel 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 s@bject

pressure sha
(250 psi).

52.1.7 All fu
vibration.

52.2 LPCo

52.2.1 Afus

a) CS
Vesse

b) The
Conta

52.2.2 Afus

5223 AnA
343,0r375p

52.2.4 A D(

| be of a type designed for use with LP-Gas at a working pressure nat less th

el-system components shall be secured to the unit to minimize the risk of loog

htainers

| container shall be a pressure vessel constructed; tested, and marked in accord

A B51 / ASME Boiler and Pressure VesseélCode VIII Rules for Construction
s, Division 1; or

Specifications of the Department of\Fransportation (DOT) CFR Title 49, Part 17
ners.

| container is not prohibited\from being fixed to or removable from the generator

SME fuel container 8hall have a designed working pressure of 2.15, 2.36 or 2.¢

i). 1t shall be marked with the ASME "U" symbol and the design working pressute.

T fuel container shall be constructed, tested, and marked for a minimum servic

1.65 MPa (24 psi). It-shall bear the marking DOT-4B240, DOT-4BA240, DOT-4BW240, or D(

52.2.5 Afug

| container shall be located so as to reduce the risk of damage to the container

The fittings

to container
an 1.75 MPa

ening due to

ance with:

of Pressure

8 for LP-Gas

set.

0 MPa (312,

b pressure of
DT-4E240.

or its fittings.

f ‘a‘removable container shall be protected to minimize the possibility of da

age 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 t

e container

52.2.14 An excess-flow and a back-pressure check valve, when required, shall be loCafed inside the
container.

52.2.15 The filling connection shall be fitted with a double back-pressufé check valve, or a hand-
operated shytoff valve and a back-pressure check valve.

52.2.16 A femovable container employing a hand-operated shutoff.valve with an interngl excess-flow
check valve is not prohibited.

52.2.17 An

accessible hand operated shutoff valve shall be.provided on the container for

each liquid or

vapor fuel supply line.
52.2.18 An
opening for t
for filling and

automatic excess flow check valve shall be provided in each container connection having an
he flow of gas in excess of a No. 54 drill size, 1.4 mm (0.055 inch); except thos¢ connections
safety relief valves.

52.2.19 A metal plenum in the low pressure fuel circuit shall be located after the safety shutoff valves
and shall comply ASTM A179 / A179M.
52.3 LP Gduges
52.3.1 Avg
the atmosph

riable liquid-level gauge (such as a slip-tube or rotary type) which requires ver
bre shall not be used on a fuel container.

ting of fuel to

52.3.2 A fixed-tube'gauge shall be employed on the fuel container, except as indicated in 52.3.3.

52.3.3 Aremovable 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:
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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

marke

52.3.7 A nd

each containgr.

52.4 LP Fug¢l lines and fittings

52.4.1 Al p

copper pipe;
means.

52.4.2 Stesg
corrosion-res
intent of this
shall be anne

52.4.3 Alen
removable cd
and parts whi

52.4.4 Tubing fittings shall be of a type designed for use with LP-Gas.

d as follows:

1) For Vertical Filling — With the letters "VDT" followed by the vertical distance (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.

measured from the center line of the container boss or couy

nearest 2.5 mm

)5
into which the gauge is installed to the inside top of the container whenin t
position.

n-venting, indicating-type liquid-level gauge (such as magneticctype) shall be

ping from a fuel container to the first-stage regulator shall be iron, steel (blad
seamless copper or steel tubing; flexible metallic LP-Gas hose; or other equi

| tubing shall have a minimum wall thickness of 1.2 mm (0.049 inch) and
stant exterior coating. Paint is considered to be a corrosion-resistant coating th
equirement. Copper tubing shall have a minimum wall thickness of 0.81 mm (0.
bled. Aluminum piping or tubing.shall not be used.

gth of flexible hose of a-type designated for use with LP-Gas shall be employs
ntainer and any fixed fuel’system parts, and between any high-pressure parts
ch are mounted onthe.engine.

fittings/Shall be of a type for use with the LP-Gas hose employed.

ductile cast fittings (such as but not limited to cast iron) shall not be employ

52.4.5 Hose
52.4.6 Non
piping or tubir

ance (to the
ling opening
he horizontal

provided on

k), brass, or

valent piping

shall have a
at meets the
32 inch) and

d between a
on the frame

ed for either

I\;’.

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 under 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 using air pressure of not less than 621 kPa (90 psi).

52.4.11 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 Hydrostatic Strength Test, Section 88.

52.5 LPVa

52.5.1 Each vaporizer shall have a valve or plug which can completely drain the vapgrizer|(in the section
occupied by the water or other heating medium. Where the engine cooling system.drain is sp located that
it is able to s¢rve as a vaporizer drain, a separate vaporizer drain valve or plug is fotrequired.

52.5.2 Each vaporizer shall be marked with the design working pressure in kPa (pounds pef square inch)
gauge and wjth the water capacity of the fuel-containing portion in kg (pounds).

52.5.3 Engjne exhaust gases shall not be used as a direct meansiof heat supply for the vpporization of
fuel unless the materials used for parts of the vaporizer in contact\with the exhaust gases afe resistant to
the corrosion action of exhaust gases and the vaporizer.system is designed to prevent excessive
pressure.

52.5.4 Vapgrizers shall not be equipped with fusible plugs.
52.6 LP Safety control and relief devices

52.6.1 A spring loaded internal-type .safety relief valve with proper start-to-discharge sefting and flow
capacity, as dletailed in 52.6.2 — 52.6.7; shall be provided on the fuel container.

52.6.2 A safety relief valve totbe'used on an ASME container shall be set, sealed, and marked with a
start-to-discharge pressure pot-higher than the marked design working pressure of the contgainer, and not
less than 88 percent of the.marked design working pressure of the container.

52.6.3 A safety reliefy valve on an ASME container shall be marked with its discharge cagacity in cubic
meters (cubif feet)-per minute of air in accordance with Table 52.1 which relates the minimnum required
flow capacity| to the outside surface area of the container.

Table 52.1
Safety relief valve capacity
Container surface area Minimum flow rate of air
2 (feet?) M¥/m (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) S|zed and Iocated so as not to restrict the reqmred flow of gas from the safety relief
device. Sucha-d s : S of its being
dlslodged by he d|scharge from the safety rellef deV|ce and shaII be d|rected upward W|th|n 45 degrees of

52.6.8 An aptomatic shutoff valve shall be provided in the fuel system at some _point ahead pf the inlet of
the first-stagg regulator, designed to prevent flow of fuel when the ignition is off-and the enging not running
or when the @ngine stops. This device shall permit the back flow of fuel from.the“vaporizer in the event of a
pressure builg-up in the vaporizer. The device shall be of a type designed fop use with LP-Gag at a working
pressure of npt less than 1.72 MPa (250 psig).

52.6.9 An gutomatic switch, such as an oil-pressure switch onvacuum switch, provided to control the
automatic sh:ttoff valve shall be rated for the load controlledand shall be of a type which is|designed for
the intended jise.

52.6.10 A hydrostatic relief valve shall be installed between the container shutoff valve and fhe automatic
shutoff valve pf a liquid withdrawal system. The reliefivalve shall be set to discharge at not higher than the
lowest pressyre rating of the components in that\portion of the fuel system. The valve discharge shall be
arranged to vent outside of the system enclosure.

52.6.11 Autpbmatic pressure-reducingeguipment incorporating an automatic shutoff means to prevent
the passage ¢f fuel when the engine is-not running shall be employed.

52.7 LP Nohmetallic parts

52.7.1 A synpthetic-rubberipart in contact with LP-Gas shall not show excessive volume chamnge or loss of
weight, when|evaluatedon the basis of its intended function, following immersion for 70 hourg in hexane at
23.0 £2.0°C.

5272 Ac nge in volume of not more than 25 percent Q\A/nllmg or1 percent Qhrlnl{agn, nd a We|ght

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) Leakage 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 no

known, a sample shall be subjected to the Salt Spray Test, Section 67

Exception: T
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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 withTable 534~

53.1.10 Nonpmetallic low pressure natural gas flexible hoses and fittings shall be subjected tp 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 nonferrous tubing

Outside diameter Minimum wall thickness
mm (Inch) mm (Ingh)
3p (1/8) 0.51 (0.0pR0)
4B (3/16) 0.64 (0.0p5)
64 (1/4) 0.74 (0.0R9)
7P (5/16) 0.74 (0.0R9)
9p (3/8) 0.81 (0.0B2)
111 (7/16) 0.81 (0.0B2)
1207 (1/2) 0.97 (0.0B8)
143 (9/16) 0.97 (0.0B8)
159 (5/8) 0.97 (0.0B8)
191 (3/4) 1.14 (0.0¢5)
2212 (7/8) 1.14 (0.0p5)

53.1.11 Gag supply*piping shall be rigidly supported.

53.1.12 Compounds used on threaded joints of gas piping shatbe 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

c¢) 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|liquid
Manufactured, natural fuel gases, and LP-Gas IRM Oil No. 903(ASTM D471) and n-Hexane
Caustic, qorrosive, toxic (biogas), digester/landfill gas 2% vol. fraction H,S/5%vol. fraction CO,/93%vel. fraction CH,
C4ustic, corrosive, toxic (wellhead gas) 5% vol. fractiontH,S/5%vol. fraction CO,/90%vel. fraction CH,
Caustic, cofrosive, toxic fluid (Diesel Exhaust Fluid, DEF) Fluid handled

53.2.2 A change in volume of not more than 25 percent swelling or 1 percent shrinkage,[and a weight
loss (extractipn) of not more than 10 percent is considered as indicating compliance with 53.2.1.

53.2.3 A part made of synthetic rubber whichZis 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 tempefature of 70°C (158°F).

53.3 Natural gas boosters
53.3.1 Natural gas booster pump components shall be suitable for the intended application,

53.3.2 Natdiral gas booster pumps shall be protected against the effects of normal vibratipn in service,
shall not be Jrigidly cofinected to the gas supply piping at the inlet and outlet by flexible metallic piping
which shall gomply ‘with CSA B51 / ASME B31.3. Metallic flexible hose shall comply with 1ISO 10380,
ASTM F112Q, or ULC/ORD-C536 / UL 536 and capable of withstanding pressure equivalen to five times
its maximum|rated pressure for 1 minute.

53.4 Gas flow controls
53.4.1 General

53.4.1.1 No control shall be furnished on an engine generator assembly which allows, by manual
operation, gas flow to the engine when it is shutdown.

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.

53.4.2.2 Automatic cofnfy shutoff valve (AQQ\/):

a) Shall close upon shutdown or failure conditions, to automatically stop the flow-of-gas within less
than 4 seconds. The valve closes upon command from the automatic engine‘shutdovn sensor or
progrgmmable control.

b) Sh3ll be of the type that fails closed.

c) Shdll be 100,000 cycle endurance tested.

53.4.2.3 An|automatic valve shall:

a) Op¢rate each time there is a call for fuel;

b) Completely stop the flow of gas within less thaw2 seconds of the engine shutting fown for any
reasom;

c) Be ¢f the type that fails closed; and

d) Be 100,000 cycle endurance tested:

A zero govermor regulator may serve as,the automatic valve if they are found compliant with the reference
requirementslin 53.4.2.4.

53.4.2.4 Adtomatic valves” and automatic safety shutoff valves shall comply with the applicable
requirements|in ANSI Z21:21.7CSA 6.5 or CSA C22.2 No. 139/ UL 429 / UL 428A / UL 428B|including the
following:

a) Nofmmally-¢losed electrically/pneumatically operated automatic safety shutoff valvgs shall close
upon Zere'current flow;

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 appliance pressure regulators

53.4.3.1 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.

5344.3 Al autunlat;u Dafcty Vcllt VG:VC Dha:: \.auulp:y vv;th 5342 all\‘.l.I thc ICL'U;IUIIICII‘I:D Uf NSI Z21.21 /

CSA 6.5 0or GSA C22.2 No. 139/ UL 429.
53.5 Natural gas pressurized containers/receivers

53.5.1 A fliel container/receiver shall be a pressure vessel constructed, |t€sted, and pr marked in
accordance \vith:

a) The ASME Boiler and Pressure Vessel Code, Section VIII; on

b) The construction shall meet the following requirements.of the Specifications of the Department
of Transportation (DOT) CFR Title 49, Part 571.304«for compressed natural gas fuel container
integrity:

1) The burst pressure shall not be less fhan 2.25 times the service pressure fqr non-welded
containers;

2) Shall not be less than 3.5 times the service pressure for welded containers 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 Seetion VIII, Division 1, “Pressure Vessels,” of the ANSI/ASNIE Boiler and
Presdqure Vessel Code.

53.5.2 A fugl containér-is not prohibited from being fixed to or removable from the generatof 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 gsi).t 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 B31.11 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-
ﬂexib|e fue| p nina and tubina shall he sunnarted adiacent to flexible metallic hoses.
L) b4 Fr ! i

54.7 Gas sypply piping shall be rigidly supported.

54.8 Nonmgtallic gas fuel gaskets, fluid housings, and hoses shall be:

a) Registant to the intended fuel as specified in Table 53.2 at the operating temperaturg; or

b) Sulhjjected to the Volume Change Test of UL 157 or ASTM D473,

54,9 Gas appliance pressure regulators, including vent limiters shall comply with the applicable
provisions off UL 252, ANSI Z21.21, ANSI Z21.18 / CSA 6.3%or ANSI Z21.80 / CSA 6.22, and shall
additionally cpmply with Table 53.2.

5410 The das appliance pressure regulator shall be equipped with either a vent line or a vent limiter.

5411 A diaphragm type automatic valve incorporating an external bleed shall be equipped with a bleed
line.

54.12 Autorpatic valves used in vents.shall comply with UL 429 / CSA 6.3.
55 Multi-Fuel Systems

55.1 Units that are rated.to-operate with multiple fuel types shall comply with the requirements for each
of the rated fuel types and:shall comply with the applicable requirements of Section 48, Fuel $ystems, and
NFPA 37.

56 Exhaust 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.
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where such [damage to the-material or part results in a risk of fire or personal injury. The measured
temperatures at specifie, points, corrected when applicable in accordance with 58.3 and with $8.8, shall not
be greater than thosgspecified in Table 58.1 and Table 58.2 unless otherwise indicated.
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. Generator| alternator, and motor
1. Clags A (105) insulation systems on coil windings of alternators and
gengerators:
Thermocouple method 105° (221®)
Resistance method 115 (239)
2. Clags E (120) insulation systems on coil windings of alternators and
generators:
Thermocouple method 1158 (239?)
Resistance method 125 (257)
3. Claps B (130) insulation systems on coil windings‘of alternators and
generators:
Thermocouple method 125° (2579)
Resistance method 135 (275)
4. Clags F (155) insulation on coil windings of alternators and generators:
Thermocouple method 150 (302)
Resistance method 160 (320)
5. Clags H (180) insulation on coil windings of alternators and generators:
Thermoceuple method 165 (329)
Resistance method 175 (347)
6. Clags 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 90° (194°)
2. Field Wiring Terminals 75° (167°)

Table 58.2 Continued on Next Page
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Table 58.2 Continued

Insulation class, materials and components °Cc (°F)
3. Vulcanized fiber employed as electric insulation 90 (194)
4. Plated bus bar 105¢ (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?2 (194%)
__ Resistance method a5 (203)
b. | Class 130:
Thermocouple method 1108 (230%)
Resistance method 120 (248)
c. | Class 155:
Thermocouple method 135° (275%)
Resistance method 140 (284)
d. | Class 180:
Thermocouple method 150° (302%)
Resistance method 160 (320)
e. | Class 200:
Thermocouple method 165° (329?)
Resistance method 175 (347)
f. | Class 220:
Thermocouple method 1802 (3567)
Resistance method 190 (374)
7. PhEnolic composition employed as elettrical insulation or as a part the 150° (302°)
deferioration of which results in arisk.of fire or electric shock
8. Wqod and other combustible material 90 (194)
9. Rupber- or thermoplastic-ifisulated wire and cord 60°f (140%f)
10.  Other types of insulatéd wires g g
11. A durface upon which a generator is to be mounted in service, and surfaces 90 (194)
thgt are adjacent'to'the generator when so mounted
12.  An) point ontor'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)
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.

Table 58.2 Continued on Next Page
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Table 58.2 Continued

Insulation class, materials and components °Cc

(°F)
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b 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 terminals and at points within a field wiring compartment of a generator shall not attain a
temperature higher than the field wiring temperature marking required in 96.4 (m) and (n). Bus bar field wiring terminals will be
based upon the field wiring insulation temperature marking as required by Table 96.3.

9 For a low voltage generator output bus bar having a current density in accordance with 23.5.2, it is not required to measure the
temperature since it has characteristics which result in temperatures not exceeding the indicated values. The maximum
temperature is determined by the temperature limit of the busbar support material, busbar insulating material, adjacent part
material, or 100°C (212°F) temperature rise for plated busbar material and 75°C (167°F) for unplated busbar, whichever is lower.

igated and found to have the required heat-resistant properties.

pf 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 the measured temperature and
rties is employed on each individual conductor.

temperature is not to exceed the temperature limit of the wire except as noted in foothote f.

mpound temperature limit is 15°C (27°F) less than the softening point of the compound as determin
h ASTM D1525.

limit of 85°C (185°F) is not prohibited when the stack assembly is insulated with phenolic compositig
ial intended for a temperature of 150°C (302°F).

vitching semiconductor or similar device, the temperature limit on thé\Case is the maximum case tem
semiconductor manufacturer.

viring board, the temperature limit is the specified limit of the.board.

hall not exceed that which raises the pressure within an LR-gas container to more than 80 percent of
e of an ASME container or 120 percent of the minimumservice pressure of a DOT fuel container.

compound that

oa

of adequate

Bd in

n or other

perature

the design
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percent of the previously elapsed duration of theltest, and not less than 15 minutes, indicatg
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perature is determined to be constantwhen 3 consecutive readings taken at in
°C (4°F).

the Temperature Test, the'temperature of a surface that is capable of being con
t be more than the value specified in Table 58.1. When the test is conductg
f other than 25°C (Z7%F), the results are to be corrected to that temperature.

unit is not prohibited from exceeding the temperature limits specified for surfag
tin Table 581 when it is:

ed unit'so that the risk of contact by people is reduced;

Ked as required by 94.5; and

tervals of 10
no increase

tacted by the
d at a room

les subject to

¢) 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.

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.
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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:

In which:

R
T=—"(k+0)~k

T is the temperature of the winding in degrees C

R is the+esistance-of-the-coil-at the-end-of the-testin-chms

ris th
tisth

kis 2

for otlher conductors are to be determined.

The winding

58.8 All ten
However, teq
measured te

e resistance of the coil at the beginning of the test in ohms
b room temperature in degrees C at the beginning of the test

34.5 for copper, 225.0 for electrical conductor grade (EC) aluminum. Values o

s to be at room temperature at the start of the test.

nperature limit values in Table 58.2 are based on an ambient air temperature of
ts are not prohibited from being conducted in other ambients as described in Tal

the constant

25°C (77°F).
ble 58.3 when
rated ambient

Mmperatures are corrected by subtracting the test ambient, and then adding the
for compliange, to the measured temperatures. Low vealtage bus bars shall comply with note (d) of Table

58.2.

Table 58.3
Permitted test ambient

Ani
1.25°C (77°F)
2. Range of 25

3. Above 40°C
2@ Allowable tol

bient air temperature rating ‘'of unit Test ambient air temperature
Range of 10 — 40°C (50 — 104°F)

Range of 20 — 40°C (68 — 104°F)

—40°C (77 — 104°F)

(104°F)

prances are as follows:

t less than 5°C (9°F) below rated ambient.

Rated ambient®

Minus —n

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.

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
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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 second until the required test value is reached.

59.2 Direct-currentpotential-is-to-be used-for an-accircuit—A-test pote
rms value of glternating-current voltage specified in 59.4 is to be applied.

e applicable

59.3 Printeg
of the test pg

-wiring assemblies and other electronic-circuit components that are damaged Qy application
tential or that short-circuit the test potential are to be removed, discennected,|or otherwise
rendered inoperative before the dielectric voltage-withstand tests are made: Testing a rg¢presentative
subassembly|instead of an entire unit is not prohibited. Individually shunting, the’semiconducfor devices in
the unit beforle the test is made to avoid destroying them in the case of\a)malfunction elsgwhere in the
secondary cirguits is not prohibited.

circuits shall
voltage (see
ut (including

59.4 While |at operating temperature, the low voltage ac andywhen provided, dc power
withstand without breakdown the application of a sinusoidal potential of 1000 plus twice rated
59.5) at a frequency in the range of 40 — 70 hertz applied for 1 minute between outp
generator) cufrent carrying parts and dead metal parts.

ed. When an

Exception: Fg
alternating cu

r a dc circuit, either an alternating-current or a direct-current potential is to be us
rrent potential is used, the potentialisto be the value indicated above, divided b

59.5 With r¢ference to 59.4, the test potential between ac power circuits and dead metal

based on the

phase-to-ground voltagerating. The test potential for other points involving t

1.414.

barts is to be
he ac power
other circuit,

circuit is to e based on the phase-te-phase voltage rating or the voltage rating of the
whichever is greater.
Exception: THhis test does not.apply when the voltage potential is less than 30 volts (RMS).

59.6 Thete
or the rated d

5t potentialfor medium voltage circuits shall be the appropriate test potential fromn Table 69.1,
electric.voltage rating, whichever is higher.

60 HarmonicDistortion 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.

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
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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
using the sinusoidal waveform by more than 5°C (9°F) and do not exceed the intended values applicable

to the load equipment involved.

61 Output

61.1  When

nominal ouf
frequency ra

61.2 With 1
an adjustabl
generator in
the generato

Voltage And Frequency Fluctuation Test

tested as described in 61.2, the output voltage shall be within 90-t0oi110 p
put voltage rating and the frequency shall be within 91 to 108(percent ng

ing.

eference to the requirement in 61.1, the generator is to be connected to a lineg
e impedance so the generator is able to deliver powen at rated power fag
a steady state condition, fluctuation measurements are to be made at open ci
- delivering 50 and 100 percent of rated power.

62 Blocked Inlet Test

62.1 The ¢
Section 58.
This is to be
open area, a
the restrictio
alarm is actiy
or enclosure
to be operab

Exception: T
63 Intake A

63.1 Electr

enerator assembly shall be arranged .for testing as described for the Temp
Vhen operating at maximum rated capacity, the circulator air flow is to be gradu
accomplished by gradually blocking, the circulating air inlet openings; first to on
nd then to complete blockage of(the inlet grill area. The test is to be continued,

ns, until equilibrium conditions-are attained, the product shuts down or for 5 min
ated. There shall be no bufning, charring, smoke, or other evidence of damage

which creates a risk of fire or personal injury with continued use. The product i
e following the test,

his test is not required for open type generator assemblies.

\ir Filter-ahd Intake Backfire-Deflector Test

ercent of the
minal output

r load having
tor. With the
rcuit and with

erature Test,
blly restricted.
e half of their
inder each of
utes after the
o the product
5 not required

ns. Backfires

can occur on
shall contain

a
distorted or show evidence of burning or smoldering of internal parts.

visible flame front within its confines and shall not be displaced, physically

ire conditions
damaged or

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 |s to be tested in the above manner and a separate sample is to be
subjected to g en the flame

described in §3.2
64 Muffler Tests
64.1 As reqpired by 56.2, a complete engine exhaust assembly is to beused for this test.

64.2 The epgine is to be continuously operated until the engine 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: If|the exhaust manifold temperature of 315°C (600°F) is not reached, the engine shall be
operated for o less than 10 minutes.

64.3 Ten exhaust backfires are to be created-for this test. Some methods of achieving exhgust backfires
include:

a) Dispbling the ignition system-while the engine is running so as to fill the exhaust wjth an air fuel
mixture, then re-enabling.the. ignition to ignite the fuel in the exhaust system; or

b) Altgring 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 igrjite the fuel.

64.4 As a result_of\the ten exhaust backfires, the muffler and exhaust piping of the engipe generator
assembly shall net 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

samples are to be degreased and then continuously exposed in a set position

a moist ammonia-air mixture maintained in a glass chamber 305 by 305 by 305.mm (12

inches) havir

66.5 A600
at the bottom

inch) above the aqueous ammonia solution and supported by an inert tray. The moist ammo

in the chamb
67 SaltSp

67.1 The ¢
samples sha

67.2 Speci
hours in accq

68 LP-Gas

68.1 AnL
withstanding

68.2 Forth
the manufac
measured by

g a glass cover.

ml (20 fluid ounces) of aqueous ammonia having a specific grayity of 0.94 is ma
of the glass chamber below the samples. The samples are‘to be positioned 3

er is to be maintained at atmospheric pressure and at-ademperature of 34 £2°C
ay Test

prrosion resistance of a metallic material.isto be determined in accordance W
| show no signs of deterioration or corrosion.

mens of the material are to be supported vertically and exposed to salt spra
rdance with ASTM B117.

Container Load Tests

loadings in any-direction equal to four times the filled weight of the container.

s test, the container is to be empty of fuel and is to be so secured in the mann
urer's_instructions. Loadings are to be applied in any convenient manner cap
gauges or weights.

]

or 10 days to
by 12 by 12

intained to be
1 mm (1-1/2
ia air mixture
93 +3.6°F).

ith 67.2. The

y (fog) for 50

P-Gas fuel containen'shall be secured in place on the product in a manngr capable of

er covered by
able of being

69

69.1

69.1.1

Impulse 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 assembly design. The medium-voltage circuits of a previously untested generator 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 t

est 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

causin

g 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.
phase

Some insulat

when reversing the polarity. To allow the discharge of insulating materials, the use‘of appropri

such as the 3
the test, is req

69.1.4 The

a) For|
are to
groun
circuit

b) For
impuls
isolati
groun
under

69.2 Evaluation

69.2.1 The
non-self-restd
arrester is ac

69.2.2 Test

I each of these tests, fifteen positive and fifteen negative Impuises shalt be ap
individually without causing a disruptive discharge, except as noted in 69.2;

ng materials retain a charge after an impulse test, and for these cases care shq

pplication of 3 impulses at about 80 percent of the test voltage in the reverse p
ommended.

sequence of tests shall be as follows:

Test 1, the isolating means is to be closed, all medium?voltage fuses and contro

. For this test, all the input terminals are to.be connected together, and al
5 are to be connected to ground during the test.

Test 2, the isolating means is to be op&n and an impulse voltage of 110 percen
e withstand voltage is to be applied\in each phase individually between the cd
g means across the isolating gap. If the isolation means has provision for
jing its load side when in the fully opened position, the test voltage is to be va
Test 1.

penerator assembly shall be considered to have passed the test if no disruptive
ring insulation®occurs. A discharge that occurs through an integrally conn
ceptable.

methad 1, 3 x 9 test procedure: If a disruptive discharge occurs on only one te

group of thre¢ cohsecutive tests, nine more tests shall be made. If the equipment successful

lied to each

uld be taken
ate methods,
blarity before

circuit fuses

be in place, and the test voltage is to be applied.between the medium voltage terminals and

low voltage

t of the rated
ntacts of the
hutomatically
lue specified

discharge on

ected surge

st during any
y 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 ":::f:elis:::‘r:tr;?‘ d WY_E. connection DGE;Z':E‘E{;"
Rated line-to-line voltage, U voltage, U, Minimum CEV® KV, ms
voltage, U 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 —1,500 b 30 0.9 1.6
1,501 — 2/400 b 45 1.8 3.1
2,401 - 4200 b 60 3.5 6.1
4,201 —7]200 b 75 5.5 9.5
7,201 - 14,000 b 85 8.5 14.7
12,001 — 1,800 b 95 10.5 18.2
13,801 — 18,000 b 110 14 242
18,001 — 28,000 b 125 19 32.9
28,001 — 34,000 b 150 26.4 45.9
34,001 — 46,000 b 200 34 58.8

@ Corona-extin

® The test voltd
the generator)

Ction voltage

ge shall be the rated dielectric withstand voltage assigned by the manufacturer, or 2000 V + (2.25 x
whichever is greater.

ated voltage of

70 Partial

70.1  Gene
based on the

70.2 The

previously s
Tests, Sectio
if all the para|

70.3 With
voltage shall

Discharge (Corona) Test

rators with rated maximum voltages (U,) greater than 15 kV and having red
use of insulation shall be-subjected to the Partial Discharge Test.

penerator having reduced spacing used for the partial discharge test sha
Ibjected to the Dielectric Voltage-Withstand Test, Section 59, and the Impul
h 69. The PartialDischarge Test may be combined with the Dielectric Voltage-V]
meters for both applicable tests are met.

he geneérator field-wiring compartments installed and the isolating means cld
be. applied between each phase and ground with the other phases grounded

Luced spacing

| have been
se Withstand
Vithstand Test

sed, the test
The impulse

withstand or

dielectric \/nltngp-wi’rhcfnnd test \/nltngp shall first be raised to the rated shortf

-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.

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.
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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: Conducting more than one abnormal test on a sample, or conducting the Dielectric Voltage-
Withstand Test after completion of all abnormal tests is not prohibited.

71.1.3 Arrisk of fire, electric shock, or injury to persons exists when:

a) Flame, burning oil, or molten metal is emitted from the enclosure of the generator as evidenced
by ignition, glowing, or charring of the cheesecloth, untreated cotton, or tissue paper;

b) The insulation breaks down when tested in accordance with 71.1.2 or live parts are made

acces
Parts

c) Cra
contag

d) Exp

71.1.4 Duri
generator ass
the entire eng
per pound), a
the other dire

71.1.5 The

71.1.6 Each
When an autg
a manual res
10 cycles us
minute. Term

5ible (see Section 8, Protection of Users — Accessibility of Uninsulated Live Part
- and User Servicing);

5 and Moving

cking, rupturing, or bursting of the battery case or cover, when such damage re¢sults in user

t with battery electrolyte; or

losion of the battery supply where such explosion results in a risk of injury to pen

hg these tests, on enclosed type generator assemblieS," all ventilating ope
embly are to be covered with a single layer of cheesécloth or untreated cotton
losure. The cheesecloth is to be untreated cotton eloth' running 28 — 30 m?/kg (1
nd having, for any 6.45 cm? (1 square inch), a count of 32 threads in one direct
ction.

enclosure of the unit is to be connected directly to ground.

test is to be continued until further:change, as a result of the test condition, do
matically reset protector functiens during a test, the test is to be continued for 7
bt protector functions during altest, the test is to be continued until the protectoi
ng the minimum resetting:time, and not at a faster rate than 10 cycles of g
nation of the test occurs 'when:

a) Opegning or shorting ef-one or more components such as capacitors, diodes, resisto

devics

s, printed-wiring board traces, or similar components;

b) Opeéning of theé.overcurrent protection device; or

c) Ops

ning-efan internal fuse.

lsons.

nings of the
loosely over
4 — 15 yards
on and 28 in

es not occur.
hours. When
operates for
peration per

s, solid state

4= A bhaon Ve

5A C22.2 No.

Exception No-

4 s e 4 et foe | =T D lar that ol st O
T. vVvIiTCTr ure lllallua”_y rCovCl PrulCulur 1o a LITLUIt VTTANTT riat CUTTIVIICS Vit &

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.

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,
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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 units 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 controller.

2. This test is
to be condugdted after thermal stabilization is reached during the mode of operation that has putput power.
While delivefing maximum rated output power to an adjustable resistive lead connected to [the output ac
circuit, the generator is to be subjected to the overload test described in,74.3.2.

71.3.2 Thelac load is to be increased in increments of 10 percentief the maximum output rating and held
for 1/2 hour gt each increment until:

a) Further change as a result of the test condition dees-hot occur; or

b) The unit shuts down.

Thermal stabilization is obtained with a load adjusted to result in maximum obtainable putput power
without caus|ng operation of overcurrent protective devices, followed by increased incremental loading as
described above. The maximum overload maghitude and time duration are to be recorded.

71.4 AC output short circuit test

7141 Thg generator is to~be” connected and operated as in the normal temperaturp 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 Jine to neutral. The short circuit application time, maximum faul{ 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 devige 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 generaftor 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.

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 terminals 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.
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71.6 DC output short circuit test

71.6.1 This

test is to be conducted on generator assemblies:

a) That have an integral battery charging circuit;

b) Whose direct current output of the generator is intended to be used with a remote battery supply;

or

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

71.6.2 The {estshallbe conducted I accordance With the requirements for DT CITCUITS 11 C3

107.3 /UL 17

78.

bA C22.2 No.

71.6.3 During the tests described by 71.6.1 (a) and (c), batteries intended to be used with the generator

shall be fully
specified in 1
connected.

Exception No

a) An

charged. During the test described by 71.6.1(b), batteries are not to'be connect
1.6.1 (b) and (c) are not prohibited from being combined into‘onée test with

1. A battery supply complies with the requirements when-it complies with the fq

overcurrent protection device is employed having a ‘short-circuit interrupting re

than the maximum fault current available from the battery supply; and

b) The
excee
Natior
are to

Exception Ng
125 percent g
maximum fay

72 Over-Te

72.1 When
subjected to:

a) An
cycles

maximum current from the battery supply @uring the reserve mode — see 71|
l the ampacity rating of the conductors connected to the batteries. Table 310.15
al Electrical Code, NFPA 70, and the-Canadian Electrical Code, CSA C22.1,
be used for determining conductor ampacity.

. 2: This test is not required.when the overcurrent protection device is rated nj
f the rated output circuit current and having a short-circuit interruption rating not
t current available from thé generator output tested.

mperature Protection — Overload and Endurance Operation Tests

incorporated.in the generator assembly, a protective device shall comply wit

ed. The tests
the batteries

llowing:

ting not less

7 — does not
B)(16) of the
requirements

ot more than
less than the

h 72.2 when

Overload Test consisting of making and breaking for 50 cycles of operation,
pepminute, a current of 150 percent of rated value, at the rated voltage and po

!

t a rate of 6
er 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.

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.
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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 to ground shall not be more than 0.1 ohm when measured in accordance with 73.2. The
resistance of the equipment grounding conductor of a power supply cord shall not be included in the
resistance measurement.

73.2 Compliance with 73.1 is to be determined by passing a current of 25 amperes derived from a 60
hertz source with a no-load voltage not exceeding 6 volts between the following points and measuring the
voltage across these points:

a) The equipment grounding connection; and

b) The metal part in question.

74 Overcufrent Protection Calibration Test

74.1 A fusd
26.9 shall m
C22.2 No. 24

tordance with
nents of CSA

, or circuit protective device, provided for protection of secondary circuits in ac
et the requirements for the Maximum Input Test in UL 1310 and the requirer
3.

75 Battery|Compartment Ventilation Test

75.1 If a m¢asurement is needed to determine if a battery compartment complies with 42.2(5, the battery

is to be subj
hydrogen ga
by sampling
hours during
location whe

bcted to the overcharge test in 75.2. During and at the conclusion of the test,
5 concentration shall not be more than 2 percent by volume. Measurements ar
the atmosphere inside the battery compartment at periods of approximately 2

re the greatest concentration ;of hydrogen gas is likely, using an aspirator bulb

the concentration measurement equipment, or other equivalent means.

75.2 A ch
connected to
adjustable cq

charging ratq.

Exception: 1
preventing a

a battery and be subjected to 7 hours of overcharging using a fully charged bat
ntrols associated with the charger or charging circuit are to be adjusted for the

(his,_ requirement does not apply to a battery charger provided with a reg
h-increase in battery charging current when the ac input voltage is increased fro

he maximum
e to be made
. 4,6, and 7

the test. Samples of the atmosphere within the battery compartment are to be taken at the

provided with

arging circuit adjusted to 106 percent of the maximum battery charge voltage is to be

ery. Any user
most severe

Llating circuit
m rated value

to 106 perce

rorratea vaiue.

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.

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
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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 reference to 76.1, damage has occurred when the base insulating material cracks or rotates;
bosses, recesses, or deforms in some way to prevent turning; does not perform its intended function;
straps or bus bars bend or twist; or members other than the wire connector move at electrical joints. Minor
chipping or flaking of brittle insulating material is not prohibited when the performance is not otherwise
impaired. Momentary flexing of metallic members without permanent deformation is not prohibited.

77 Cycling|Test

77.1 In accordance with 17.4.1, an enclosure door, cover, or hood that is positioned ot moyed in normal
use shall be gubjected to 1000 cycles of operation and then be subjected to the(tests in Sgction 101 for
Outdoor-Use [Units.

77.2 The enpclosure door, cover, or hood shall not crack, deform, or.allow wetting of livel parts or the
entrance of water.

78 Evaluation of Reduced Spacings on Printed-Wiring Boards
78.1 General

78.1.1 In apcordance with (a) in Exception No. 3, t0 25.1.1, printed-wiring board traces of different
potential havipng reduced spacings are judged by conducting:

a) A Djielectric Voltage-Withstand Test.described in 78.2; or

b) A Shorted Trace Test described\in 78.3 for a generator investigated for use in eithef a controlled
or general environment.

78.1.2 The fequirements of thisySection do not apply to medium voltage circuits on printed-wiring boards.
78.2 Dielectric voltage-withstand test

78.2.1 A printed-witing 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 i 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.

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
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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: Opening of an internal overcurrent protective device meets the intent of the requirement, and
the test is not required to be repeated.

79 Bonding Conductor Test

79.1 A bonding conductor that does not comply with 21.9 (a) or (b) does comply when using separate
samples for gachtestneither-the-bondingconductorne f

a) Carrying currents equal to 135 and 200 percent of the rating or setting of the,intgnded branch-
circuif overcurrent-protective device for the times specified in Table 79.1; and

b) Three samples are subjected to a limited-short-circuit test using a.fest’current as specified in
Table| 79.2 while connected in series with a nonrenewable fuse having a rating|equal to the
intended branch-circuit overcurrent-protective device.

Exception: Y
protection of
current and 3

Vhen a fuse that is smaller than that indicated in (a),and (b) is employed i
the circuit to which the bonding conductor is connécted, then the magnitug
ize of fuse used during the test is not prohibited from being based on the rating

h the unit for
je of the test
of the smaller

fuse.

Duration of-overcurrent test

Table 79.1

Rating or setting of branch-circuit Test time, minutes
overcurrgnt protective device,
amperes 135 percent of current 200 percent of durrent
0-30 60 2
31-60 60 4
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
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 test circuit described in 79.1(b) is to have a power factor of 0.9 — 1.0 and a closed-circuit test
voltage as specified in 57.2. The open-circuit voltage is to be 100 — 105 percent of the closed-circuit
voltage. Each test is to be performed on each of the three samples.
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80
80.1 Gener:

80.1.1

Impact Tests

al

Plastic enclosures or plastic components required to be impact tested by the requirements or

references in this Standard shall also be subjected to the cold impact in UL 746C if they are used as part

of generators

80.2 Impac
80.2.1
impact witho
position.

80.2.2 The
(2 inches) in
a vertical dist

80.3 Polym

80.3.1
of 6.8 J (5 fo
produced by
from a height
top, the steel
distance of 1.

80.3.2 A un

specified by t

80.3.3 Whe
conducted or]

different sam
hours in an
material, and
manner in wh

80.3.4 Upo
test, no sa

conditioning, &

In ac

gir oven operating_at 10°C (18°F) higher than the maximum operating tempe

or generator assemblies rated for outdoor installation.

t on glass covered openings

mpact specified in 80.2.1 is to be applied by means of a smooth, solid-steel sph
liameter and having 535 g (1.18 pounds) mass. The sphere is to fall.freely from
hnce of 63.5 cm (25 inches).

leric material guards over moving parts

cordance with 6.3, a part of a unit as described in 6.4and 6.2 is to be subjected
bt-pounds) on any surface that is exposed to a blow during normal use. This in
Hropping a steel sphere, 50.8 mm (2 inches) in diameter and weighing 535 g (1
of 1.29 m (51 inches) to produce the 6.8 J (5-foot-pound) impact. For surfaces @
Sphere is to be suspended by a cord and to-swing as a pendulum, dropping thro
P9 m (51 inches) to strike the surface.

it is to be subjected to the impact-test described in 80.3.1 with or without an
ne manufacturer so as to result'in-the most severe test.

n a part as specified in6.1 is made of a polymeric material, the impact test
a sample or samples in the as-received condition. The test is then to be rg
ple or samples that.have been cooled to room temperature after being cong

not less than 70°C (158°F). While being conditioned, a part is to be supported
ch it is supported on the generator set.

being=réemoved from the oven specified in 80.3.3 and before being subjected

With reference to 7.7. 1(b) a glass covered opemng shaII W|thstand a 3 38 J (2-1/2 foot-pound)

om its normal

ere 50.8 mm
rest through

to an impact
pact is to be
.18 pounds),
ther than the
Ligh a vertical

y attachment

is to be first
peated on a
itioned for 7
rature of the
in the same

o the impact
m the oven

ple.shall show signs of checking, crackmg, or other deIeterlous effects frg

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 Mo
81 Mechan
81.1

81.1.1

ving Parts — and User Servicing.

ical Tests of Viewing Panes for Medium Voltage Compartments

General

when subjected to the impact and pressure tests described in 81.2 and 81.3.

Viewing panes for medium voltage compartments shall not shatter, crack, or become dislodged
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81.1.2 The impact and pressure tests shall be applied to the outside surface of the viewing pane. The
inside surface of the viewing pane need not be tested. Separate samples may be used for each of the
tests.

81.2 Pressure test

81.2.1 A force of 890 N (200 Ibf) shall be exerted perpendicular to the surface in which the viewing pane
is mounted. This force shall be evenly distributed over an area of 0.010 m? (16 in?), as nearly square as
possible and as near the geometric center of the viewing pane as possible. If the viewing pane has an
area less than 0.010 m? (16 in?), a force of 86 kPa (12.5 psi ) shall be evenly distributed over the entire

viewing area.

The force shall be sustained for a period of 1 min.

81.3 Impad

81.3.1 The
approximate

t test

viewing pane shall be subjected to an impact of 6.8 N-m (5 ft-Ibf) using a‘steel
y 0.535 kg (1.18 Ib) and approximately 50 mm (2 inches) in diameter

ball weighing

81.3.2 If the viewing panes are provided with a pivoting or hinged protective cover, which by design is
always in plgce except when performing thermal inspections, this test may.be performed with the cover in
place. When|a protective cover is provided, this test will be consideredpassed if the protectie cover is not
dislodged and does not shatter or crack, even though the viewing{pane may be shattered, cracked, or
dislodged.

82 Heat Sink Temperature Cycling Test

82.1 Wherg required by Exception No. 2 to 23.7.1y'a current-carrying, aluminum heat [sink shall be

subjected to

82.2 Threeg
After comple
sample shall
temperature

82.3 Thes
current-on tin

current-off times shall be:the length of time required to reach stable temperatures. Stable

are obtained

the test described in 82.2 and 82.3.

samples of the heat sink/solid*state component assemblies are to be subjects
lion of the 500th cycle described in 82.3, a temperature of the solid state compd
not be more than 15°C (272F) higher than the temperature during the 24th cyc
Shall be more than the rating of the solid state component.

ne, the samples-are to be carrying maximum rated current. The duration of the ¢

when three successive readings taken at not less than 10 minute intervals indid

d to this test.
nent for each
e and neither

hmples are to be 'subjected to 500 cycles of current-on and current-off operations. During the

urrent-on and
temperatures
ates 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.

83 Ignition

83.1
evaluated by

Test Through Bottom-Panel Openings

conducting the tests described in 83.2 — 83.5.

In accordance with Exception No. 3 to 7.10.1, a ventilated, bottom-panel construction shall be

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 cheesecloth running 28 — 30 m?kg mass (14 — 15 square yards to the pound) and having, for
any 6.4 cm? (1 square inch), 32 threads in one direction and 28 in the other, is to be draped in one layer
over a shallow, flat-bottomed pan that is of a size and shape to cover completely the pattern of openings in
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the panel and is not large enough to catch any of the oil that runs over the edge of the panel or otherwise
does not pass through the openings. The pan is to be positioned with its center under the center of the
pattern of openings in the panel. The center of the cheesecloth is to be 50.8 mm (2 inches) below the
openings. Use of a metal screen or wired-glass enclosure surrounding the test area is a way to reduce the
risk of splattering oil, causing injury to persons.

83.4 A small metal ladle no more than 63.5 mm (2-1/2 inches) in diameter, with a pouring lip and a long
handle whose longitudinal axis remains horizontal during pouring, is to be partially filled with 10 cubic
centimeters of No. 2 fuel oil, which is a medium-volatile distillate having a minimum API gravity of 30
degrees, a flash point of 43.3 — 87.7°C (110 — 190° F), and an average calorific value of 38.2 MJ/L
(136,900 Btu per gallon) (see the American Society for Testing and Materials Specification for Fuel Oils,
ASTM D396). The ladle containing the oil is to be heated and the oil is to be ignited. The oil is to flame for 1

minute and th
stream onto t
is to be obser

83.5 Fivem
piece anda s
and it is aga
pouring is to &

84 Bus Bar

84.1 An alu
has a clampe
shall be subjg

84.2 The te
Temperature
58.2.

84.3 Thete
higher than th

844 Thete
The bus bars
and size of th
which the joir
bus bar is to
does not affe

ne center of the pattern of openings from a position 102 mm (4 inches) above| th
ved whether the oil ignites the cheesecloth.

nutes after completion of the pouring of the oil, the cheesecloth is.{fo be replaced
bcond 10 cubic centimeter of hot, flaming oil is to be poured from the ladle onto
n to be observed whether the cheesecloth is ignited. Five minutes later, a t
e made. The cheesecloth shall not ignite in any of the threg.pourings.

Tests

minum bus bar employing a coating specified.inyException No. 3 of 23.2.1 or a
d joint construction described in Exception No. 2 and Exception No. 4 of 23.2.1,
cted to the tests described in 84.2 — 84.4;

mperature of the bus bar joint shall\be measured during the temperature test
Test, Section 58, and comply with\the maximum temperature requirements sped

mperature rise at the joint.during the five hundredth cycle shall not be more than
e temperature rise atthe end of the twenty-fifth cycle.

5t sample is to Consist of an assembly of bus bars connected together to form a
are to be clamped together with the joint construction used in actual production
e bus bar.are to represent the maximum ampere rating and the maximum curr¢
t construction is employed. This sometimes requires more than one test. The le
be 609 mm (2 feet). The bus bar is to be connected to a power supply by an
cththe joint temperature. The power supply is to be adjusted to deliver a value 9

en is to be poured at the rate of, and no less than, 1 cubic centimeter per segend in a steady

openings. It

with a clean
he openings,
hird identical

bus bar that
respectively,

described in
ified in Table

15°C (27°F)

series circuit.
The number
ent density in
ngth of each

means that
f current that

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.
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85 Volume Change and Extraction Test

85.1 General

85.1.1 The Volume Change and Extraction Test is a sequence of tests. The test sequence is a Pull Test
on three samples of the hose assembly in the as-received condition to obtain a pull out force for the
samples. Three samples of the hose assembly are then to be conditioned during the Aging Test and
followed by a Pull Test. The pull force of the as-received samples shall be compared to the pull force of the
conditioned samples.

85.1.2 Nonmetallic low pressure propane and natural gas flexible hoses and fittings shall be subjected to

the tests spe

Exception: T
hoses evalu3

85.2 Pull test — as-received

85.2.1 The

85.2.2 Thrg
to be mounts
(0.5 inch/min|

85.3 Aging
85.3.1 The

85.3.2 Thrg
circulating o

Test after temperature conditioning.

85.4 Pull t¢st — after the agjng:test

85.4.1 The
85.4.2 The
the Aging Te
machine and

cifiedin 852 -85 4.

ted to CSA 8.3/ CGA-8.1/ UL 569 and UL 536 for metal flexible fuel piping.

samples shall withstand a 267 N (60 pound-force) pull.

e samples of the fuel hose assembly (hose and endfittings) are to be tested. E
d in a tensile strength testing machine and operated*with a rate of travel of 12
ute) until the specified pull force has been reached.

test
samples shall not show visual signs.df deterioration or loss of flexibility after agir

e representative samples of the\fuel hose assembly are to be subjected to 70 h
en maintained at a temperature of 100°C (212°F). The samples are to be subjg

three .samples of the fuel line assembly (fuel line and end fittings), which werg
st, are to be used for this test. Each sample is to be mounted in a tensile st
opérated with a rate of travel of 12.7 mm/minute (0.5 inch/minute) until:

his test sequence is not conducted on low pressure propane and natufal, gas

non-metallic

ach sample is
7 mm/minute

g.

burs in an air-
cted to a Pull

samples shallmaintain at least 70 percent [187 N (42 pounds)] of their longitudinal pull force.

subjected to
ength testing

a) The hose or fitting breaks, cracks, splits;

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
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vertical, and both with one end fixed. They are to be mounted on the vibration machine and subjected to
48 hours vibration of 3.175 mm (0.125 inch) amplitude at a frequency of 17 Hz.

87 Aerostatic 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 sample is to have one end of the assembly plugged and the other hose end aerostatically
pressurized to 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.

88 Hydrostlatic Strength Test
88.1 To deteérmine compliance with this test, the hose assemblies shall not leak.

88.2 Three pamples of 457 mm (18 inch) long flexible fuel line assemblies aré to’be subjectdd to this test.
Each sample|is to have one end plugged and the other hose end is to be hydrostatically pressurized to 4
times operating pressure for 1 minute and checked for leakage. The fuel.line assemblies shall be checked
for leakage by being immersed in water or an equivalent method.

89 Fuel Valve Flow Control Test

89.1 The fugl flow control system shall identify a fault condition and take action to close the fuel valves
following a fdflure event as defined in Table 89.1 and as:required by the tests in this Sectign. The valve
closing featufe may be performed in the complete product or may be separately tested as a fuel
subsystem sulich as an evaluation of the controller,and or the fuel valve component. The }ilure events
defined above include loss of rotation, loss of<combustion, and critical turbine failures. [Examples of
programmablg fuel control features are normalshutdown valve state, abnormal shutdown vajve state and
time (engine [or engine control system failure such as overspeed, loss of ignition, or flame[out) and the
state of fuel flpw and stop time.]

Table 89.1
Maximum generator fault fuel cessation time
Engine type Maximum time between fault and fuel cessgtion 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 Compliance is demonstrated if at least one of the automatic valves closes within the specified time
of the failure event.

89.3 The compliance time for this test is measured between the fault injection time and the valve closure.

NOTE: This test may be performed on a bench with signal generation for some types of engines and fuel flow control systems.
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89.4 If the evaluation of the system is performed on individual control system assembly without the
valve, the specific valve closing time shall be added to the time between the fault application and the valve
closing signal.

89.5 A safety shutoff rated zero governor regulator or similar valve shall stop gas flow when a vacuum is

not present at the outlet, the closing time shall be measured.

89.6 The following describes the test method:

a) The engine is to be operated under normal conditions. A fault condition is to be introduced and
the fuel system control is required to close/stop fuel flow in accordance with 89.1 and Table 89.1.

b) The solenoid coll voltage or valve position state Is to be observed and recorded.
c) For zero governor valve configurations, the vacuum pressure on the outletling of the zero
governor to the engine intake manifold is to be measured.
d) Mgasure and record the time of the above inputs per the system «configuration ¢f the product
concyrrently. The measurement device shall be capable of recording at a mihimum of 10
millis¢cond increments.
e) A flame out condition or simulated flame out fault conditiofy may be used to initiate f|a combustion
failurg condition.
89.7 The fesults of the test shall demonstrate that the control system including the palve closure
complies with the values in Table 89.1.
90 Rod Entry Test
90.1 This test shall be conducted to determine acceptability of ventilation openings in mgdium voltage
compartments.
90.2 When live parts are less than-102 mm (4 inches) from an opening, this test shall| be made by
attempting tq insert a rod having a:diameter of 12.7 mm (0.5 inch).
90.3 When live parts are.102 mm (4 inches) or more from an opening, this test shallf be made by
attempting tq insert a rod:having a diameter of 19 mm (0.75 inch).
90.4 The equuipmentcomplies with these requirements if the rod cannot enter the opening.
RATINGS
91 Details
91.1 The unit shall be marked with the following ac output ratings:
a) Voltage;

b) Frequency;

c) Number of phases except for a unit intended for single-phase only;

d) Am

peres, volt-amperes, kilovolt-amperes, watts, or kilowatts;

e) Power factor, when less than unity unless the rating is expressed in:
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