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INTRODUCTION
1 Scope

1.1 These requirements cover stationary engine generator assemblies rated 600 volts or less that are
intended for installation and use in ordinary locations in accordance with the National Electrical Code
NFPA 70; the Standard for the Installation and Use of Stationary Combustion Engines and Gas Turbines,
NFPA 37, the Standard for Health Care Facilities, NFPA 99, and the Standard for Emergency and
Standby Power Systems, NFPA 110.

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

locations.

1.3 These rg
Uninterruptib

1.4 These r¢
1.5 These re
2 Glossary

2.1 In the te
engine modd
definitions in
2.2 AC CON

2.2.1 AUTON
that controls

pressure on & flexible diaphragm, by electrical means, by mechanical means, or some othe

valve serves
Adapted fron

2.2.2 AUTO
operation, an

cause. Automatic valves.include zero governor type regulating valves and auxiliary valves.

Adapted fron

quirements do not cover UPS equipment. That equipment is covered byrthe
e Power Systems, UL 1778.

quirements do not cover engine generator assemblies for marine use.

quirements do not cover snow loading, wind loading, or seismic forces.

t of this standard, the term "unit” refers to any product’covered by this standard
le, generator module, generator assembly, etc. For the purpose of this {
2.2 - 2.46 apply.

VENIENCE RECEPTACLE — A receptaclethat is intended for general use.

IATIC SAFETY SHUTOFF VALVEYASSV) — A device consisting of a valve
the gas supply to the engine,(The operator may be actuated by the appli

as a safety device that clgses upon command from the automatic engine shut
ANSI 721.21-2012{Rart VI with permission of CSA Group.
VMIATIC VALVE A valve which controls the flow of gas to the engine d

d will automatically shut off the flow of gas to the engine in case the engine

ANSI Z21.21-2012 Part VI with permission of CSA Group.

Standard for

for example,
standard, the

and operator
Cation of gas
I means. The
down sensor.

uring normal
stops for any

2.2.3 AUXIL
engine in the

_ ; " . | "

event the engine stops.

of gas to the

Reprinted with permission from NFPA 37-2006 and NFPA 37-2010, Standard for the Installation and Use
of Stationary Combustion Engines and Gas Turbines, Copyright © 2006 and 2009, National Fire
Protection Association, Quincy, MA. This reprinted material is not the complete and official position of the
NFPA on the referenced subject, which is represented only by the standard in its entirety.
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2.3 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 2.34 — 2.36.

2.4 BATTERY CASE/COVER - The container that directly encloses and confines the electrolyte of a
battery or cell.

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

2.6 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.”

2.7 BUS BA
them to outg

2.8 CELL -

by a common ionically conductive electrolyte, that are intended to convert chemical energ

electrical end

2.9 CLASS
output of not

2.10 CLASS
2.11 CLASS
in the Stand
Standard for
2.12 CLASS

2.13 COMP(
Section 3.

2.14 CONTR
2.15 CONTR
computer rog

similar mater|

2.16 DEDIC/
power to sp¢

— A conductor or an assembly of conductors for collecting electric currents,a
bing feeders.

'he main components are two electrodes of dissimilar material separated fron
rgy.

| POWER LIMITED CIRCUIT — A circuit which is supplied-from a source h
more than 30 volts and 1000 volt-amperes.

2 TRANSFORMER - A step-down transformer’complying with the applicable
brd for Low Voltage Transformers - Part@: General Requirements, UL 50
Low Voltage Transformers - Part 3: Class:2 and Class 3 Transformers, UL 50
3 CIRCUIT — A circuit which is supplied from a Class 3 Transformer (see 2.1

DNENT — Refers to subassemblieés used in the construction of the generating a

OL CIRCUIT — A cirguit that carries electric signals and not main power curre
OLLED ENVIRONMENT — An environment that is a conditioned, indoor locat
al.

\TED"PURPOSE GENERATOR OUTLET / RECEPTACLE — A receptacle uj
beificYpurpose generator components or accessories such as block heaters

2 CIRCUIT — A circuit which is supplied from a Glass 2 transformer (see 2.11).

d distributing

one another
y directly into

hving a rated

requirements
B5-1 and the
B5-3.

).

ssembly. See

nt.

on such as a

m, office, or @.factory floor that is free of conductive contaminants such as carfbon dust and

sed to supply
, oil heaters,

battery char

TS, ©ic.

2.17 ELECTROLYTE — A semisolid, liquid, or aqueous salt solution that permits ionic conduction between
positive and negative electrodes of a cell.
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2.18 ENCLOSURE - That portion of a unit that:

a) Reduces the accessibility of a part that involves a risk of fire, electric shock or injury to
persons, or

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

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

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

2.21 GENERATOR ASSEMBLY — Refers to the assembly, consisting of the internalyeomblistion engine
and generatdr/alternator.

2.22 GUARD — A part that reduces the risk of access to a component that has”the potental of causing
an injury to persons.

2.23 HEAT SINK — A piece of thermally conductive metal attached to @semiconductor or other electronic
device and designed to prevent it from overheating by conducting-fi€at away from it and radjating it to the
environment.
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2.24 LIMITED-ENERGY CIRCUIT — An ac or dc circuit having a voltage not exceeding 1000 volts and
the energy limited to 100 volt-amperes by any of the following:
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a) Secondary winding of a transformer,

b) One or more resistors complying with 25.10, or

c) A

regulating network complying with 25.11.

2.25 LINEAR LOAD - A load that does not rectify the current or otherwise alter the current wave

shape, resulti

ng in a load current that is proportional to the instantaneous voltage.

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

2.27 LOW-V
voltage of no
volts and sug

a) A
an o

b) A
regul
an in
c) A
batte
resis

2.28 MODU
engine modu

2.29 MULTI
more cells.

2.30 PRESS

h inherently limited Class 2 transformer or a not inherently limited-Class 2 tran

plied by:

ercurrent protective device that is:
1) Not of the automatic reclosing type,

2) Trip-free from the reclosing mechanism, and

a marking in accordance with 68.3.7.

combination of an isolated transformer secondary winding and one or more rq
Ating network complying with 25.11 that*complies with all the performance req
herently limited Class 2 transformer*or power source, or

battery that is isolated fromthe primary circuit or a combination of a battery, i
[y charging circuit of a unit\that is isolated from the primary circuit, and one or
ors or a regulating netwaork complying with 25.11.

LE — A packaged-funictional assembly component of the generator assembly,
e or generator(module.

LCELL BATTERY — A battery consisting, internally, of a series or parallel array

of one or mo

SURE TERMINAL CONNECTOR - A field wiring terminal that accomplishes th

Circult involving an altern ting current

[ more than 30 volts rms (42.4 volts peak) or a direct current voltage of not ml

re than 60

sformer and

3) Either not readily interchangeable with adevice of a different rating, or provided with

sistors or a
Lirements for

hcluding the
more

such as

of two or

e connection

e CONMJUTtors by Tearns of pressure without the use of sotder Examptes of a;

terminal connector are the:

a) Barrel and setscrew type,

b) Crimp-type barrel, or

c) Cl

amping plate and screw type.

pressure

2.31 PRIMARY CIRCUIT — Wiring and components that are conductively connected to a branch

circuit.
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2.32 PROTECTED LOAD - Appliances and equipment connected to the alternating current output

circuit of unit.

2.33 RESTRICTED ACCESS AREA — A location for equipment where the following apply:

a) Access is only gained by service personnel who have been instructed of the reasons for the
restrictions applied to the location and about any precautions that must be taken, and

b) Access is through the use of a special tool, or lock and key, or other means of security and
is controlled by the authority responsible for the location.

2.34 RISK OF ELECTRICAL ENERGY — HIGH CURRENT LEVELS — The risk for damage to property

or injury to p
when betwed
there exists &

a) A
b) A

For example,
when enough

2.35 RISK(

2.36 RISK (
delivering po

2.37 SAFET
electric shock
applications,

2.38 SAFET
risk of electri
removed, or

2.39 SECO
See Section

2.40 SERVI
of the risks €|

Ersons, other than by electric shock, from available electrical energy 1S determ

n a live part and an adjacent dead metal part or between live parts of differen
potential of 2 volts or more and either:

N available continuous power level of 240 volt-amperes or more, of

reactive energy level of 20 joules or more.

a tool, or other metal short-circuiting a component is capable of causing a bu
energy is available at the component to vaporize, melt, or more than warm th

DF ELECTRIC SHOCK — As defined in ElectricsShock, Section 9.

DF FIRE — A risk of fire exists at any compénent unless an investigation of the
ver to that component complies with the“criteria in 25.4 — 25.12.

Y CIRCUIT — Any primary or secondary circuit that is relied upon to reduce th
, injury to persons, or electrical @nergy — high current levels. For example, in
an interlock circuit is a safetycircuit.

C shock, electrical energy — high current levels, or injury to persons until the ris
0 automatically remove the risk when access is gained.

NDARY CIRCUIT — A circuit supplied from a secondary winding of an isolating
D7

CE_.PERSONNEL — Persons having technical training and experience required
hcountered when performing a task and the measures to be taken to minimizg

ned to exist,
polarity,

rn or a fire
e metal.

supply

e risk of fire,
some

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

bk has been

transformer.

to be aware
the risks to

themselves

Ma-other Persors.

2.41 STATIONARY UNIT — An engine generator that is intended to be hard wired and/or permanently

installed.

2.42 SWITCH, LOCKOUT — An indicating type switch that provides a means to disconnect all
ungrounded conductors and is also provided with a positive lockout in the off position.

2.43 SWITCH, TRANSFER - A device for transferring one or more load conductor connections from
one power source to another.
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2.44 TOOL - A screwdriver, coin, key, or any other object that is used to operate a screw, latch, or similar
fastening means.

2.45 USER -

Any person other than service personnel.

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

applies:

a) Access is gained without the use of a tool;

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

c) The operator is instrucied to enter regardless of whether or not tools are require

acce
2.47 ZERO

at the fuel in
regulator to g
known as a g
Reproduced
3 Componer]
3.1 Excepta
with the requ
generally use

3.2 A compd

a) In

proddict covered by this standard;/or

b) Is

3.3 A compdg
use.

3.4 Compon
shall be used

5s. This includes control panels, behind locked doors, and inside of access.ce

et to the engine; when a partial vacuum is created in the fuel line, Suction
pen, thus allowing flow to the engine as long as the demand céntinues. This
emand type regulator.

rom the Public website http://www.theenergylibrary.com

ts

5 indicated in 3.2, a component used as a partdf'a unit covered by this standarg
irements for that component. See AppendiX’A for a list of standards covering
d in the products covered by this standard.

nent is not required to comply with\aspecific requirement that:

volves a feature or characteristiC not required in the application of the compon

superseded by a requirement in this standard.

nent shall be ysed in accordance with its rating established for the intended

bnts that are incomplete in construction features or restricted in performanc
only~under the specific conditions for which they have been evaluated.

d to gain
ers.

5OVERNOR REGULATOR — A fuel regulating device in which pressure’is redluced to zero

vill cause the
Hevice is also

shall comply
components

ent in the

conditions of

e capabilities
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4 Units of Measurement

4.1 Where a value for measurement is followed by a value in other units in parentheses, the first stated

value is the r

equirement.

5 Undated References

5.1 Any undated reference to a code or standard appearing in the requirements of this standard shall be
interpreted as referring to the latest edition of that code or standard.

CONSTRUCTION

6 Materials
6.1 The matd
results in a ri
conditions.

6.2 The requ

rial of a part, such as an enclosure, a frame, a guard, or similar part, the\breal
sk of injury to persons, shall have such properties as to meet the demand of

irement in 6.1 applies to those portions of a part adjacent to«moving parts that

of injury to pgrsons.

6.3 A part ag

specified in 6.1 shall withstand the impact test desetibed in 63.2, without bei

the extent that:

a) The performance is adversely affected so as to<result in a risk of injury, or

b) P

Exception: A
impact test.

7 Frame and
7.1 General
7.1.1 A unit

protect the vg
of the enclos

hrts capable of causing injury to persons*are exposed to unintentional contact.

\ component such as a pilot lamp, lers, or control knob is not required to be sul

Enclosure

Shall be provided,with one or more enclosures that house all live parts. The e
rious parts ofithe unit against mechanical damage from forces external to the U
ure that are-required to be in place to comply with the requirements for risk d

shock, injury
enclosure re
but do pres
terminals an

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

cage of which
expected use

involve a risk

hg affected to

bjected to the

nclosure shall
nit. The parts
f fire, electric
ne applicable
blectric shock

t_a‘fisk of electrical high energy levels such as battery terminals, starter rq

blay/contactor
compartment

shall be insulated and secured in a manner where the terminal is not able to be removed except for
servicing of the part and protected from contact by:

a) An insulator that complies with the requirements in Insulating Materials, Section 34; or

b) An insulating boot/barrier made from polyvinyl-chloride, neoprene or a rubber compound or
material.


https://ulnorm.com/api/?name=UL 2200 2015.pdf

JULY 29, 2015

STATIONARY ENGINE GENERATOR ASSEMBLIES - UL 2200

13

Exception:

electrical energy — high current levels, are not required to be enclosed.

Live parts, including terminals, which do not present a risk of electric shock or a risk of

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

19.11).

Exception:

electric shock, see Table 9.1.

Engines used to carry current shall have voltages that are determined not to be a risk for

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.

7.1.4 When
of the instru

Exception: 4
Panel Board

7.2 Enclosur

7.2.1 Wheth
is applicable
and the risk g
include consi
component 3
breakdown o
shall be inve

7.2.2 The ro
causing inju
unintentional

Exception:
not required

7.2.3 The d€|

of a unit. Protection for sefvice personnel shall be provided such that the risk of unintentiong

hazardous nj
equipment.

7.2.4 A movi

nre

n electrical instrument, such as a meter, forms part of the enclosure, the fac
nt housing, or both together, shall comply with the requirements for an_encig

\ meter complying with the requirements in the Standard for ElectricahAnalog
Types, UL 1437 is not required to comply.

ps and guards

br a guard, a release, an interlock, or similar device is réquired and whether 9
shall be determined from an investigation of the complete unit, its operating ¢
f injury to persons resulting from a cause other tharpgross negligence. The inve
deration of the results of breakdown or malfunction of any component; not m

malfunction of a particular component resdlis in a risk of injury to persons, th
stigated for reliability.

or of a motor, a pulley, a fan bladeya belt, a gear, or other moving part that
y to persons shall be enclosed or provided with other means to reduc
contact therewith.

\ part or portion of a patrtthat is required to be exposed to perform the worki
lo be enclosed and, when required, guarding shall be provided.

gree of protectionrequired by 7.2.2 depends upon the general construction and

oving pafifs>is greatly reduced during servicing operations involving other

b or the back
sure.

nstruments —

uch a device
haracteristics,
stigation shall
ore than one

t a time, unless one event contributes to *another. When the investigatiop shows that

At component

is capable of
b the risk of

ng function is

intended use
| contact with
parts of the

ng part that involves a risk of injury to persons shall comply with the requiremg

in Protection

User Servicing, Section 8, taking into account:

a) The degree of exposure required to perform its intended function,

b) The sharpness of the moving part,

c) The risk of unintentional contact with the moving part,

d) The speed of the moving part, and

bnts specified
g Parts — and
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e) The risk that a part of the body is endangered or the risk that clothing is capable of being
entangled, resulting in a risk of injury to persons.

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

7.3 Access doors, covers, and panels

7.3.1 An access cover shall be hinged where it provides access to a fuse or other overload-protective
device, the functioning of which requires renewal or resetting, or where it is required to open the cover in
connection with intended operation of the unit. A means shall be provided to hold the cover closed.

Exception No. 1: A hinged cover is not required when the only overload-protective device enclosed is:

a) C
the 9

b) R
c) A
d) C
Exception N(
a) Ci
b) Is
7.3.1.1 Hing
spep?fied in 7
position.

Exception:
open the hin

7.3.2 A doo
tight-fitting or

ame enclosure,

hted 2 amperes or less for loads not exceeding 100 volt-amperes;

1 extractor fuse having an integral enclosure, or

pnnected in a low-voltage, limited-energy circuit.

. 2: A hinged cover is not required for an enclosufe that:

bntains no user-serviceable or -operable parts,-and

marked in accordance with 68.3.6.

bd doors, covers, and panels that\provide user or service access, including
.3.1, shall be constructed such ¢hat they open to no less than 90 degrees frg
\ wind strap, chain, or Similar attachment that may be detached without the U
yed door, cover, or panel to 90 degrees meets the intent of this requirement.

or cover that provides access to a fuse or other overload-protective de
self-latching’

bnnected in a control circuit, provided the protective device and the circuit IO&tLS are within

the function
m the closed

se of tools to

/ice shall be
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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 7.1.
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.
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Table 7.1
Thickness of cast-metal enclosures

m)

Cast metal of other
than the die-cast type

Minimum thickness, inch (m
Use, or dimension of area involved Die-cast metal

Area of 24 square inches (154.8 cm?) or less and having no dimension 1/162 (1.6) 1/8
greater than 6 inches (152 mm)

Area greater than 24 square inches (154.8 cm?) or having any 3/32 (2.4) 1/8
dimension greater than 6 inches (152 mm)

At a threaded conduit hole 1/4 (6.4) 1/4
At an unthreaded conduit hole 1/8 3.2) 1/8

(3.2)
(3.2)

(6.4)
(3.2)

2 The area limit

a larger area.

7.5 Sheet m

7.5.1 Sheet
for Electrical

7.5.2 With rg
specified in
zinc-coated s
than 0.045 in

Exception Nd
in Tables 7.2

Exception Ng
and 7.3, whe
gauge sizes

thickness shll be not less than No. 24 MSG or GSG (steel), or 18 AWG (aluminum, copp

unless a less

ptal enclosures

metal enclosures shall comply with 7.5.2 or the requirements in the(Standard f
Equipment, UL 50.

eference to 7.5.1, the thickness of a sheet-metal enclosure “shall not be I
fables 7.2 and 7.3. Uncoated steel shall not be less than 0.032 inch (0.8
teel shall not be less than 0.034 inch (0.86 mm) thick,<and nonferrous metal sh
ch (1.14 mm) thick for surfaces of an enclosure atmhich a wiring system is to |k

. 1. The thickness of a sheet metal enclosures ot prohibited from being less
and 7.3 when investigated and determined-to'be mechanically equivalent.

. 2: The thickness of an enclosure may-be two gauge sizes less than indicated|
n uninsulated live parts are located'at least 2-1/2 inches (64 mm) from the s
ess when the uninsulated live parts are located at least 5 in (128 mm) from the

er thickness is acceptable_inraccordance with Tables 7.2 and 7.3. An examp

br Enclosures

bss than that
1 mm) thick,
bll not be less
e connected.

han specified

in Tables 7.2
urface, and 4
surface. The
er, or brass),
e of 2 gauge

sizes less is No. 18 MSG instead of NO.,16 MSG; an example of 4 gauge sizes less is No. 200MSG instead
of No. 16 MSG.
Table 7.2
Thickness of carbon steel or stainless steel enclosures
With supporting frame or equivalent
Without $uppofting frame @ reinforcing 2 Minimum thickness inch (mm)
Maximum width, ®\MUaximum length, ¢ [ Maximum width, ® | Maximum length,
Inches (criy thehes fery) trehes ferry hes ferry Yreoated Metal Coated
4.0 (10.2) Not limited 6.25 (15.9) Not limited
4.75 (12.1) 5.75 (14.6) 6.75 (17.1) 8.25 (21.0) | 0.020¢  (0.51) | 0.023¢  (0.58)
6.0 (15.2) Not limited 9.5 (24.1) Not limited
7.0 (17.8) 8.75 (22.2) 10.0 (25.4) 12.5 (31.8) | 0.0269  (0.66) | 0.029¢  (0.74)
8.0 (20.3) Not limited 12.0 (30.5) Not limited
9.0 (22.9) 11.5 (29.2) 13.0 (33.0) 16.0 (40.6) 0.032 (0.81) 0.034 (0.86)
125 (31.8) Not limited 19.5 (49.5) Not limited
14.0 (35.6) 18.0 (45.7) 21.0 (53.3) 25.0 (63.5) 0.042 (1.07) 0.045 (1.14)
18.0 (45.7) Not limited 27.0 (68.6) Not limited
20.0 (50.8) 25.0 (63.5) 29.0 (73.7) 36.0 (91.4) 0.053 (1.35) 0.056 (1.42)

Table 7.2 Continued on Next' Page
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Table 7.2 Continued

enclosure are 1
¢ "Not limited”
surfaces not nd
d Sheet steel fq
and not less th

ot prohibited from having supports in common and being made of a sifigle sheet.
hpplies only where the edge of the surface is flanged at least 1/2.in¢h (12.7 mm) or fastened to agljacent
rmally removed in use.
r an enclosure intended for outdoor use shall not be less than 0.034 inch (0.86 mm) thick when n
hn 0.032 inch (0.81 mm) thick when uncoated.

With supporting frame or equivalent
Without supporting frame 2 reinforcing 2 Minimum thickness inch (mm)
Maximum width, ® | Maximum length, ¢ [ Maximum width, ® | Maximum length,
Inches (cm) Inches (cm) Inches (cm) nches (cm) Uncoated Metal Coated
22.0 (55.9) Not limited 33.0 (83.8) Not limited
25.0 (63.5) 31.0 (78.7) 35.0 (88.9) 43.0 (109.2) 0.060 (1.52) 0.063 (1.60)
25.0 (63.5) Not limited 39.0 (99.1) Not limited
29.0 (73.7) 36.0 (91.4) 41.0 (104.1) 51.0 (129.5) 0.067 (1.70) 0.070 (1.78)
33.0 (83.8) Not limited 51.0 (129.5) Not limited
38.0 (103.4) 47.0 (119.4) 54.0 (137.2) 66.0 (167.6) 0.080 (2.03) 0.084 (2.13)
42.0 (106).7) Not limited 64.0 (162.6) Not limited
47.0 (11p.4) 59.0 (149.9) 68.0 (172.7) 84.0 (213.4) 0.093 (2.36) 07997 (2.46)
52.0 (13p.1) Not limited 80.0 (203.2) Not limited
60.0 (15p.4) 74.0 (188.0) 84.0 (213.4) 103.0 (261.6) 0.108 (2.74) 0.411 (2.82)
63.0 (16p.0) Not limited 97.0 (246.4) Not limited
73.0 (18p.4) 90.0 (228.6) 103.0 (261.6) 127.0 (322.6) 0.123 (3.12) 0.126 (3.20)
a4 See 7.5.4 anqd 7.5.5.
b The width is the smaller dimension of a rectangular sheet metal piece that is part of dn ériclosure. Adjacent suffaces of an

hetal coated

Table)7:3
Thickness of aluminum, copper, or brass enclosures

With supporting frame or equivalent
Without supporting frame 2 reinforcing 2
Maximum wjdth ° Maximum length ¢ Maximum width P Maximum length Minimum thickness
inches (cm) inches (cm) inches (cm) inches (cm) hches (cm)

3.0 (7.6) Not limited 7.0 (17.8) Not limited 0.0239 (0.58)
3.5 (8.9) 4.0 (10.2) 8.5 (21.6) 9.5 (24.1)

4.0 (10.2) Neot'limited 10.0 (25.4) Not limited 0029 (0.74)
5.0 (12.7) 6:0 (15.2) 10.5 (26.7) 135 (34.3)

6.0 (15.2) Not limited 14.0 (35.6) Not limited 0.036 (0.92)
6.5 (16.5) 8.0 (20.3) 15.0 (38.1) 18.0 (45.7)

8.0 (20.3) Not limited 19.0 (48.3) Not limited 0.045 (1.14)
9.5 (24.1) 115 (29.2) 21.0 (53.3) 25.0 (63.5)

12.0 (30.5) Not limited 28.0 (71.2) Not limited 0.058 (2.47)
14.0 (35.6) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0)

18.0 (45.7) Not limited 42.0 (106.7) Not limited 0.075 (1.91)
20.0 (50.8) 25.0 (63.4) 45.0 (114.3) 55.0 (139.7)

25.0 (63.4) Not limited 60.0 (152.4) Not limited 0.095 (2.41)
29.0 (73.7) 36.0 (91.4) 64.0 (162.6) 78.0 (198.1)

37.0 (94.0) Not limited 87.0 (221.0) Not limited 0.122 (3.10)
42.0 (106.7) 53.0 (134.6) 93.0 (236.2) 114.0 (289.6)

Table 7.3 Continued on Next' Page
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Table 7.3 Continued

With supporting frame or equivalent

Without supporting frame 2 reinforcing 2

Maximum width P Maximum length ¢ Maximum width P Maximum length Minimum thickness

inches (cm) inches (cm) inches (cm) inches (cm) hches (cm)
52.0 (132.1) Not limited 123.0 (312.4) Not limited 0.153 (3.89)
60.0 (152.4) 74.0 (188.0) 130.0 (330.2) 16.0 (406.4)

a8 See 7.5.4 and 7.5.5

enclosure are not prohibited from having supports in common and being made of a single sheet.

b The width is the smaller dimension of a rectangular sheet metal piece that is part of an enclosure. Adjacent surfaces of an

not normally removed in use.

¢ "Not limited" fpplies only when the edge of the surface is flanged at least 1/2 inch (12.7 mm) or fastened to,adjacent surfaces

d Sheet copper] brass, or aluminum for an enclosure intended for outdoor use shall not be less than 0.029 inch (p.74 mm) thick.

7.5.3 Tables|7.2 and 7.3 are based on a uniform deflection of the enclosure surface for ahy given load

concentrated|at the center of the surface regardless of metal thickness.

7.5.4 With reference to Tables 7.2 and 7.3, a supporting frame is a strugture of angle or|channel or a
folded rigid sgction of sheet metal that is rigidly attached to and has the\same outside dimepsions as the
enclosure suiface and that has the torsional rigidity to resist the bending moments that are f1pplied via the

enclosure sufface. An example of a construction that has equivalent reinforcement is one

a structure that is as rigid as one built with a frame of angles.or.channels.

hat produces

7.5.5 With rdgference to 7.5.4 and Tables 7.2 and 7.3, a;construction does not have a supporting frame

when it is:
a) Alsingle sheet with single formed flahges — formed edges,
b) Alsingle sheet that is corrugated er ribbed,

c) An enclosure formed or fabricated from sheet metal, or

d) An enclosure surface:loosely attached to a frame — for example, by spring clips
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7.6 Nonmeta

llic enclosures

7.6.1 A polymeric enclosure or polymeric part of an enclosure shall comply with the requirements in the
Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

7.6.2 A nonmetallic part that forms part of the enclosure need not comply with the requirement in 7.6.1

under any on

e of the following conditions:

a) The part covers an opening that has no dimension greater than 1 inch (25.4 mm) and the
component is made of a material classed as V-0, V-1, V-2, or HB,

b) The part is made of a material classed V-0, V-1, V-2, or HB and covers an opening which

prohipits access 1o live parts involving a risk of fire, electric sShock, or eleciric energ

curr

c) T
part i
fire (

d) The part is made of a material classed V-0, V-1, V-2, or HB. and there is a barri

devid
risk d

The flammah
Plastic Mater|

Exception:
flammability

7.6.3 A poly
greater than

a flame-spread rating of 200 or less wher’tested in accordance with the:

a) S

b) R

Using a Radiant Heat Energy Source, ASTM E162.

7.6.4 A mate
as the exteri
combination

t levels — or moving parts to the user when the part is removed.
e part covers an opening that has no dimension greater than 4 inches (101.6

5 made of a material classed as V-0, V-1, V-2, or HB, and there is\no source
ee 2.36) closer than 4 inches from the surface of the enclosure,)or

e that forms a barrier made of a material classed V-0 between the part and a
f fire.

ility clarifications shall be in accordance withsthe Standard for Tests for Fl
als for Parts in Devices and Appliances, UL 94

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

meric material enclosure having-in any single unbroken section, a projected
|0 square feet (0.93 m?2), or aysirigle linear dimension greater than 6 feet (1.83
andard for Test for Surface Burning Characteristics of Building Materials, UL 7
hdiant-panel furnace method in the Test Method for Surface Flammability of M
rial with aflame-spread rating higher than specified in 7.6.3 is not prohibited fro

pr finisSh* or covering on any portion of the enclosure when the flame-spread
pf.the”base material and finish or covering complies with 7.6.3.

y— high

mm) and the

bf a risk of

Pr or a

source of a

bmmability of

blies with the

surface area
m) shall have

23, or

aterials

m being used
rating of the

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 the Standard for Polymeric Materials — Use in
Electrical Equipment Evaluations, UL 746C.

Exception: When flaking or peeling of the coating does not result in a risk of fire or electric shock as a
result of a reduction of spacings or the bridging of live parts, then the coating need not comply with UL
746C.
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7.7 Glass covered openings

7.7.1 Glass covering an opening shall be secured in place so that it is not readily displaced in service,
and provides mechanical protection for the enclosed parts. Glass for an opening shall comply with the
following dimensions:

a) Glass for an opening not more than 4 inches (102 mm) in any dimension shall not be less

than

1/16 inch (1.6 mm) thick,

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

c) G
thick

7.8 Opening
7.8.1 There

7.8.2 Where
wall or wherd
five threads
capable of bg
through a ho
threads in thg

provided by a standard conduit bushing.with an internal diameter the same as that of the g

trade size of

7.8.3 Clamp
nonmetallic 1
supplied as a
the Standard

7.8.4 A knod

assS USed to cover an area larger than noted In (b) shall not be Tess than 173 (
and shall:

1) Be of a nonshattering or tempered type that, when broken, complies wit
Glazing Materials Used in Buildings — Safety Performance Specifications a
of Test, ANSI 797.1, or

2) Be subjected to the test described in 63.1.1.
5 for wiring
Juirements described in 7.8.2 — 7.8.9 apply to fixed units.

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

an equivalent construction is employed;.there shall not be less than three n
h the metal, and the construction of-the enclosure shall be such that a cond
ing properly attached. Where threads for the connection of conduit are not tapp
le in an enclosure wall, conduit“hub, or similar device, there shall not be le
b metal and there shall be a-.smadoth, rounded inlet hole for the conductors equ

rigid conduit.

b and fasteners forvthe attachment of conduit, electrical metallic tubing, ar
lexible tubing,(honmetallic-sheathed cable, service cable, and similar dev
part of an englosure shall comply with the Standard for Metallic Outlet Boxes,
for Conddit,“Tubing, and Cable Fittings, UL 514B.

kout“in"a sheet-metal enclosure shall be secured and shall be removable v

deformation (i)f the“enclosure.

.2 mm) inch

h the
nd Methods

an enclosure
or more than
Lit bushing is
bd all the way
5s than 3-1/2
valent to that
orresponding

mored cable,
ces that are
L 514A, and

ithout undue

7.8.5 A knockout shall be provided with a flat surrounding surface intended for proper seating of a conduit
bushing, and shall be located so that installation of a bushing at any knockout to be used during
installation does not result in spacing between an uninsulated live part and the bushing to be less than

that specified

in Spacings, Section 24.
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7.8.6 In measuring a spacing between an uninsulated live part and a bushing installed in a knockout as
specified in 7.8.5, it is to be assumed that a bushing having the dimensions specified in Table 7.4 is in

place, in conj

unction with a single locknut installed on the outside of the enclosure.

Table 7.4
Knockout or hole sizes and dimensions of bushings

) Bushing dimensions
Trade size of

conduit Knockout or hole diameter Overall diameter Height

Inches Inches mm Inches mm Inches mm
1/2 7/8 22.2 1 25.4 3/8 9.5
3/4 1-3/32 27.8 1-15/64 31.4 27/64 10.7
1 1-23/64 34.5 1-19/32 40.5 33/64 131
1-1/4 1-23/32 43.7 1-15/16 49.2 9/16 14.3
1-1/2 1-31/32 50.0 2-13/64 56.0 19/32 15.1
2 2-15/32 62.7 2-45/64 68.7 5/8 15.9
2-1/2 3 6.2 3-7/32 81.8 3/4 19.1
3 3-5/8 92.1 3-7/8 98.4 13/16 20.6
3-1/2 4-1/8 104.8 4-7/16 112.7 15/16 13.8
4 4-5/8 117.5 4-31/32 126.2 1 25.4
4-1/2 5-1/8 130.2 5-35/64 140:9 1-1/16 27.0
5 5-5/8 429 6-7/32 158.0 1-3/16 30.2
6 6-3/4 1715 7-7132 183.4 1-1/4 31.8

7.8.7 For an| enclosure not provided with conduit opefiings or knockouts, spacings not [ess than the

minimum spe
bushing instg

template, or & drawing furnished with the unit is.used to specify such a location. The specifi

the openings

7.8.8 With rdg

cified in Spacings, Section 24 shall be provided between uninsulated live parts
lled at any location to be used duringinstallation. Permanent marking on the

shall be such that damage to ifternal parts shall not result when openings aré

spect to the requirement.inn7.8.7, means shall be provided so that an opening

and a conduit
enclosure, a
ed location of
b made.

for conduit is

capable of bging made without subjeeting internal parts to contamination resulting from the presence of

metallic parti
plate.

7.8.9 A poly
requirements

Cles. Compliance with_this requirement is accomplished by the use of a remd

meric- or «metal-closure plug for an unused conduit opening shall conj
in the Standard for Metallic Outlet Boxes, UL 514A.

vable, bolted

ply with the
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7.9 Openings in an enclosure

7.9.1 The enclosure of a unit shall be designed and constructed to reduce the risk of emission of flame,

molten metal

, flaming or glowing particles, or flaming drops.

7.10 Enclosure bottom openings

7.10.1 A complete noncombustible bottom or a construction employing individual noncombustible barriers
under components, groups of components, or assemblies, as specified in Figure 7.1 is required in
accordance with 7.9.1.

Exception No. 1: Ventilating openings in the bottom panel are not prohibited when noncombustible baffle

plates are pr
supporting sU
7.2.

Exception Ng
incorporate 38
having a 14-
minimum.

Exception N{
Bottom Pan€

Exception Ng
in accordanc
Appliances,
square shall

Exception Nd
and provided
receptacles,

Exception Ng

a) Tl
comt

b) T
accu

bvided to reduce the risk of materials from ialling directly from the interior of ihg
rface or any other location under the unit. An example of such a baffle is illust

. 2: Ventilation openings in the bottom of an enclosure are not profiibited when
perforated metal plate as described in Table 7.5, or a galvaniZzed“or stainless
by 14-mesh per inch (25.4-mm) constructed of wire with a diameter of 0.018

. 3: Other constructions complying with the hot, flaming oil test in Ignition
Openings, Section 65, need not comply with this requirement.

. 4: The bottom of the enclosure under areas*¢entaining only materials classed
e with the Standard for Tests for Flammapility of Plastic Materials for Parts in
UL 94, shall have openings no larger than*1/4 inch (6.4 mm) square. Opening
not have an area greater than 1/16 sqiiare inch (40 mm@).

. 5: Ventilating openings without fimitation on their size and number and compl
in the bottom panel are notprohibited when in areas that contain only wires,
[ransformers, and impedance protected or thermally protected motors.

. 6. Ventilating openings are not prohibited in the bottom panel when:

ne installation instructions state that the generator assembly shall be installed
ustible matetials, and

ne gengérator assembly is located such that it prevents combustible materials fi
Mmulatifig under the generator set.

unit onto the
ated in Figure

the openings
steel screen
ich (0.4 mm)

rest Through

V-1 or better
Devices and
5 that are not

ing with 8.12

cables, plugs,

pver non

fom
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Figure 7.1
Enclosure bottom

C

EB120A

A — Region to bg shielded-by‘barrier. This consists of the entire component when it is not otherwise shielded, and ¢f the unshielded
portion of a component.ayhich 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 bottom-enclosure baffle

SB0855

— ——— 22X BUT NEVER LESS THAN
| INCH (25.5mm)

BAFFLE PLATES

(MAY BE BELOW
‘ BOTTOM OF-MACHINE)

l | 1 | | | | ]

X
* | 1 ] 1 | 1 ]

BOTTOM OF MACHINE

Table 7.5

Perforated metal plates for enclosure bottom

Minimum spacings of holgs center to
Minirpum thickness Maximum diameter of holes center

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

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

72 holes per inch? (45 mm?2)
0.035 (0.89) 0.075 (1.90) 0.125 (3.18)
0.036 (0.91) 0.063 (1.60) 0.109 (2.77)
0.036 (0.91) 0.078 (1.98) 0.125 (3.18)
0.039 (0.99) 0.063 (1.60) 0.109 (2.77)
0.039 (0.99) 0.079 (2.00) 0.118 (3.00)

Note — In accordance with Exception No. 2 to 7.10.1.
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7.11 Enclosure top openings

7.11.1 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 3/16 inch (4.8 mm) 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 6 feet (1.8 meters) 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
3/16 inch (4.8 mm). Such openings shall comply with the accessibility requirements in Protection of Users
— Accessibility of Uninsulated Live Parts, Film-Coated Wire, and Moving Parts — and User Servicing,
Section 8.

Figure 7.3
Cross sections of top-enclosure designs

. —

SLANTED OPENINGS

1 rprir
B [ I

EC300 VERTICAL OPENINGS

7.12 Sharp edges

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

Exception: This requirement does not apply to a part or portion of a part that is required to be sharp to
perform a working function.
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7.12.2 Wherever reference measurements are required to determine that a part as specified in 7.12.1 is
not sharp enough to constitute a risk of injury to persons, the method described in the Standard for Tests
for Sharpness of Edges on Equipment, UL 1439 shall be employed.

8 Protection of Users — Accessibility of Uninsulated Live Parts, Film-Coated Wire, and Moving
Parts — and User Servicing

8.1 The requirements in this section apply to parts that are accessible to the user. For protection of
service personnel requirements, refer to Protection of Service Personnel, Section 39.

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

disconnects ljy the user shall be insulated or enclosed 1o reduce the Tikelihood of contact wi

regardless off

8.3 Engine
considered u

a) M
b) P

8.4 To redud

live part or filin-coated wire, electrical energy — high current levels, or injury to persons from &

an opening ir

a) F
part

b) F
spac

Exception:
requirements

their location.

penerator assemblies intended to be located within a restrictedcaccCess
ser accessible when provided with the following:

arked as required by 68.3.14; and

ovided with instructions as specified in 69.1.4(s).

e the risk of unintentional contact that involves acfisk of electric shock from a
an enclosure shall comply with either (a) or*(b):

br an opening that has a minor dimension.(see 8.8) less than 1 inch (25.4 mm
br wire shall not be contacted by the probe illustrated in Figure 8.1.

br an opening that has a minor_dimension of 1 inch or more, such a part or wi
bd from the opening as specified in Table 8.1.

lAn opening in an integral enclosure of a motor is not required to comp
when it complies with the requirements in 8.5.

h such parts,

nrea are not

n uninsulated
moving part,

, such a

e shall be

ly with these
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Figure 8.1
Articulate probe
5+0.5 - | 180
02| o
Section
(10) A-A B-8B
N -22<
© I
\ Cylindrical
- - Section C-C
Handle
r%’ Stop plate @
| T ]
Detail X Chamfep~all edges
(Example)
Part 3 Part 2 Part\d
SA1788A
Table 8.1
Minimum glistance from an opening to a part that involves a risk of electric shock, electrical
energy-high currenttevel, or injury to persons
Minor dimension of opening 2P Minimum distance from opening to paft P
Inches (mam) Inches (mny)
3pe (19.1) 4-1/2 (114-.0)
1 (25.4) 6-1/2 (165.0)
1-1/4 (31.8) 7-1/2 (19p.0)
1-1/2 (38.1) 12-1/2 (318.0)
1-y/8 (47.6) 15-1/2 (394+.0)
2-1/8 (54.0) 17-1/2 (444.0)
| 30 (76p.0)
@ See 8.8.
b Between 3/4 and 2-1/8 inches (19.1 and 54.0 mm), interpolation is to be used to determine a value between values specified
in the table.
¢ Any dimension less than 1 inch (25.4 mm) applies to a generator only.
d More than 2-1/8 inches (54.0 mm) and not more than 6 inches (152.0 mm).

8.5 With respect to a part or wire as specified in 8.4, in an integral enclosure of a generator as specified
in the Exception to 8.4:

a) An opening that has a minor dimension (see 8.8) less than 3/4 inch (19.1 mm) complies
when:
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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
contacted by the probe illustrated in Figure 8.1, and

4) In an indirectly accessible generator (see 8.9), an uninsulated live part is not
contacted by the probe illustrated in Figure 8.2.

b) An opening that has a minor dimension of 3/4 inch (19.1 mm) or more complies when a part
or wire is spaced from the opening as specified in Table 8.1.

Figure 8.2
Probe for moving parts and uninsulated live parts in generators — see-8.5

ANY CONVENIENT LENGTH
1/2 INGH DIA.
3/4 INCH DI, JU27mm)

| (19.1mm) N
Ly —

& (1N |
i — s
9/16 |NCH(14‘3mm)4——’\_ 3/16 INCH R

(4.8mm)]

4 INCHES
(101.6mm)

PAI 50A
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Figure 8.3
Probe for film-coated wire in generators — see 8.5

—— —=— ANY CONVENIENT LENGTH

3/4" (19.1mm) DIA.
1/2” (12.7mm) DIA, —;\

PA14

ﬂ/i >\+
~=— 4" (101.6mm) 4>l

1/4” (6.4mm) RAD. —L

OA

8.6 The prolpes specified in 8.4 and 8.5 and illustrated in Figures 8.1 — 8.3 shall be gpplied to the

maximum po

Esible depth of the opening; and shall’be rotated or angled before, during, and after insertion

through the

pening to any position that is required to examine the enclosure. The probgq illustrated in

Figure 8.1 shall be applied in any possible ¢onfiguration; and, where required, the configurption shall be

changed aftef insertion through the opening.

8.7 The probes specified in 8.6 shall be used as measuring instruments to judge thg accessibility
provided by an opening, and not.as instruments to judge the strength of a material; they shgll be applied

with a maxi

um force of 1 pound (4.4 N).

8.8 With refgrence to thérequirements in 8.4 and 8.5, the minor dimension of an opening i the diameter

of the largesf cylindrjeal.probe that is inserted through the opening.

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

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 2.44),

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

c) That is determined to have a low risk of contact (see 8.11) due to its location.
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8.10 A directly accessible generator is a generator:
a) That is contacted without opening or removing any part, and
b) That is located so as to be accessible to contact.

8.11 The test pin illustrated in Figure 8.4, when inserted as specified in 8.6 through an opening in an
enclosure, shall not touch any uninsulated live part that involves a risk of electric shock.

Figure 8.4
Test pin
— —— 4
+0
— 3-0/05
!
3 10 - - — oV
+0.p | }
+0 —
4.0.05
S2962 Dimensions in millimeters

1 mm = 0.039 inch

8.12 The prgbe shown.if-Figure 8.1 and the test pin shown in Figure 8.4 are to be inserted as specified
in 8.6 into alljopenings,<including those in the bottom of the unit. The probe and test pin are {o be inserted
into all openipgs in“the bottom that are accessible without tipping, turning over, or otherwige moving the
unit from its intended installed position.

8.13 During the examination of a unit to determine whether it complies with the requirements in 8.4 or 8.5,
a part of the enclosure that is opened or removed by the user without using a tool (to attach an accessory,
to make an operating adjustment, to give access to a fuse or other overload protective device as
described in 7.6, or for other reasons) is to be opened or removed. A fastener, such as a slotted-head
thumb screw, that is turned by hand, does not require the use of a tool.
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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 volts.

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 69.1.4.

9 Electric SHock
9.1 Voltage

9.1.1 The rgquirements described in 9.1.2 — 9.2.2 are used to determine When the \oltage of an
accessible lie part poses a risk for electric shock. Determination of whether a live part is [accessible to
users and sepvice personnel is specified in Section 8, Protection of Users’— Accessibility of Uninsulated
Live Parts, Hilm-Coated Wire, and Moving Parts — and User Seryicing, and Section 39, |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 vplues specified in Table 9.1.

Table*9.1
Risk of electric shock-= maximum voltage
Indoor-use’ units (wet contact not Outdoor-use units (wet coptact likely —
\foltage type likely) immersion not inclided)
1. Sinusoidal, gc 30V, rms 15V, rms
2. Nonsinusoidgl, ac 42.4 V, peak 21.2 V, peak
3. Pure dc 60 V 30V
4. DC interruptgd at a rate of 10 to_200 24.8 V, peak 12.4 V, peak
Hertz
5. Combinationp of dc and sinusoidal ac See Figure 9.1 See Figure 9.1
at frequencies pot greater than*100 Hertz



https://ulnorm.com/api/?name=UL 2200 2015.pdf

JUNE 1, 2012 STATIONARY ENGINE GENERATOR ASSEMBLIES - UL 2200 31
Figure 9.1
Maximum voltage
60+————— - ———— — =
|
|
|
1 |
50 |
|
3 For locations where wet |
8 42.4 I contact is not likely |
2 404 I to occur - |
E] I AC + DC = 424 I
P I 0 <0C < 209 I
a8 | |
+ I AC + DC = 33 + 0.45 DC |
30 209 <DC <60
< T T |
~ | |
% | For locations where wet |
> | contact is likely to occur — |
3 212 | | |
2 207 | I I AC + DC = 21.2 I
s | | I <DC <104 [
S |
© : : : AC + DC = 16.5 + 0.45\0¢4
10.4 <DC <30 /|
1041 | ' '
| | | |
| | | |
| | | |
| | | |
0 H H } t ¢ |
10 20 30 40 50 60
10.4 20.9
Direct Voltage Component (DC);\Volts
$3253A
9.2 Stored epergy
9.2.1 The dapacitance between capacitor terminals that are accessible as deternined by the
requirements|in Section 8, Protection of Users< Accessibility of Uninsulated Live Parts, Film{Coated Wire,
and Moving Rarts — and User Servicing, aid Section 39, Protection of Service Personnel, sHall satisfy the
following expfessions:
V < 40,000 where C < 0.00328
V < 729 G072 where 0.00328 < C < 2.67
V <4367 where 2.67 < C < 13.9
V <2314 C07 where 13.9 < C < 184.5 in a DRY envirpnment
V < 60 where C > 184.5 in a DRY environnent
V<2314 C 07 where 13.9 < C < 497 in a WET envirgnment
V<30 where C = 497 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 or opening of an interlocked cover, or similar device.
Typical calculated values appear in Table 9.2, and the equation is shown graphically in Figure

9.2.
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Table 9.2
Risk of electric shock — stored energy current

Maximum voltage across the
Environment Capacitance in microfarads 2 capacitor, in volts
0.00328 or less 40,000
0.005 29,749
0.01 18,313
0.02 11,273
Wet or Dry 0.05 5,936
0.1 3,654
02 2,249
0.5 1,184
1.0 729
2.0 449
2.0 449
2.67 to 13.9 367
20.0 284
50.0 150
100.0 92.1
184.5 60.0
Dry only 184.5 or more 60.0
Wet 200 56.7
497 or more 30.0
a See 9.2.1 and Figure 9.2.
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Figure 9.2
Limited for voltage across capacitance
a — Dry Environment
105 V=40,000 b — Wet Environment
]
] v=729¢~0.7
o 10*1 |
s :
o |
[e] I
S ]
§ 103 |
3 ]
%74+-—-L e ___D
a ]
o ]
g |
NS T
e e0d-do
g |
) 30 +r--r-———————---—"—-----
]
10 —
0.001 0.01 0
0.00328 267  13.9 184.5 497
Capacitance in Microfarads
$3260
9.2.2 With reference to 9.2.1. a part involving aJpotential of more than 40 kilovolts peak is to be

investigated {
10 Corrosior
10.1 Iron an
plating, or oth
or cast iron,
Bearing surfg

Exception:

a) B

0 determine whether or not it involvés a risk of electric shock.
Protection

[ steel parts shall be protected against corrosion by painting, galvanizing,
er equivalent means. This requirement applies to all enclosure parts, whether

ces shall be of such materials and constructed so that binding due to corrosio
[he parts specified in (a) — (d) are not required to be protected against corrosi

barings,-or similar devices, where such protection is impracticable,

sherardizing,
pf sheet steel

and to all springssand other parts upon which intended mechanical operation depends.

n is inhibited.

pn:

miAor part. such as a washer. screw, bolt. or similar device where the failure

f such

b) A

unprotected parts does not result in a risk of fire, electric shock, electrical energy-high current
levels, or injury to persons, or the operation of the unit being affected adversely,

c) A

d) A

decorative grille that is not required to form a part of the enclosure, and

part made of stainless steel (properly polished or treated, where required).
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10.2 OUTDOOR-USE UNITS — See Section 71.

11 Mechanic

al Assembly

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

11.2 Screws with properly applied lock washers, screws tightened by means of a power tool, rivets, and
staked and upset screws are not subject to loosening. See 11.3.

11.3 The construction of staked and upset screws is to consist of an interference fit between 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) M

smatching of the nut and bolt threads, or

c) The equivalent.

11.4 A rotati
current leveld
means that h

Exception: 4
a rotating pa

11.5 A switg
component th

a) B
b) N
c) C

Exception:
are met:

a) T
oper{

ng part that, when loosened, results in a risk of fire, electric~shock, electrical ¢nergy — high

, or injury to persons shall be assembled so that the direction of rotation tends
pold the rotating part in place.

\ keyed part, a press fit, a part locked in place with a pin, or equivalent means
t in place is not prohibited.

h, fuseholder, lampholder, AC convenience receptacle, motor-attachment ¢
at is handled by the operator shall:

b mounted securely,

Dt turn, and

bmply with the requirements specified in 11.6.

[he requirement that a switch shall not turn does not apply when all the follow

he swit¢h Js of a plunger, slide, or other type that does not tend to rotate durin
htion (@ toggle switch is considered to be subjected to forces that tend to turn

to tighten the

used to hold

lug, or other

ng conditions

p intended
the switch),

b) T

TeTTTearts of TITourting e Switch toes 110t TOUSerT the Switch during operatior,

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

11.7 A blower or fan motor including the blower or fan blade itself shall be secured by any of the following
or equivalent means in order to reduce the risk of the motor, blower, or fan blade from vibrating loose and
falling from its mounting support:

a) Bolts, screws and nuts complying with 11.3,

b) Bolts, screws and nuts having holes or slots with properly applied cotter pins,

c) B¢Iis and screws having a compression type Tock nuf,
d) Rjvets.
Exception: A\ blower or fan motor, including the blower or fan blade itself, seeuréd by means described
in 11.2 and ofiented, positioned, or located above a barrier such that either the)motor, blowef, or fan blade
does not contact other components resulting in a risk of fire, electric shaek; or electrical energy — high
current levelq in the event that such parts vibrated loose from their support; is not required tb comply with
this requiremient.
12 Switches|and Controls

12.1 A switch or other control device shall have current @and voltage ratings not less thar| those of the
circuit that it fontrols when the unit is operated in its inténded manner.

12.2 A primdry-circuit switch that controls an indugtive load having a power factor less thap 75 percent,
such as a transformer or some ballasts and that\does not have an inductive rating, shall bqg either:

a) Rpted not less than twice the maxXximum load current under normal operating conditions, or
b) Investigated for the application.
12.3 A switch used to conneet\a’ load to various sources or potentials shall be a type that has been
investigated pnd rated for such” use. This includes switches used for switching a voltmeter, frequency

meter, and ppwer 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
rating.

12.5 Each pofeofasmapswitchrratetas a 2=circuit, 3=Titcuit;, or mutticireuit switchris ot prohibited from
controlling a separate load at the full voltage rating of the switch. Each pole of a snap switch rated as a
240-volt, 2-pole switch is not prohibited from controlling a separate 120-volt load. Both poles are not
prohibited from being used to control both legs of a single 240-volt load. Each pole of a snap switch rated
as a 240-volt, 3-pole switch is not prohibited from controlling a separate load not exceeding 139 volts. The
three poles are not prohibited from being used to control the three legs of a 3-phase, 240-volt load.
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12.6 A 240-volt or 250-volt snap switch used in a circuit involving more than 120 volts to ground shall be
rated for such use as indicated by a double underlining under the voltage rating.

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

Exception No. 1: The grounded conductor is disconnected by a switch that simultaneously disconnects all
conductors of the circuit.

Exception No. 2: The grounded conductor is disconnected by a switch that is so arranged that the
grounded conductor is not disconnected until the ungrounded conductors of the circuit have been
disconnected.

12.8 A trans
Transfer Swif

12.9 Mechai
switches suc
Control Equi
12.10 When
between the
position shall
a) A
b) A
c) A
d A
13 Alternato

13.1 The altg
for Electric G

er switch used to connect the Toad shall comply with requirements In the
ch Equipment, UL 1008.

h as in the Standard for General-Use Snap Switches, UL 20, the_Standard
ment, UL 508, or other applicable standards.

a unit switch or circuit breaker is mounted such that movement of the ope
bn position and off position results in one position being @bove the other positi
be the on position. This requirement does not apply-te:

switching device having more than one on position (such as a bypass switch)
double throw switch,

rotationally-operated switch, or

rocker switch.

s and Generators

rnator or generator relied upon to provide rated output power shall comply with
enerators, UL 1004-4.

Standard for

ical and electromechanical switches shall comply with the applicablé reqiirements for

for Industrial

rating handle
pn, the upper

the Standard
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14 Disconne

ction Device

14.1 The generator assembly shall be provided with a disconnection device or a lockout switch that

positively pre

vents the startup and operation of the generator assembly.

14.2 When a disconnection device is provided it shall:

a) O

pen all ungrounded conductors,

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

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

unde
d) B

14.3 A signal
disconnect d

15 Disconne
15.1 An eng
equipment r
comply with
16 Output C
16.1 Genera
16.1.1 A unit

a) E
and ]

b) A
Exception:
accessible sii

26.

16.1.2 Wher]

[-a hinged cover not requiring a tool for opening, and
b marked in accordance with 68.2.15.

contact shall be available to indicate that the generator assembly-is_out of ser
bvice is open or the lockout switch is operated.

Cts Used in Service Equipment Applications
ne generator assembly provided with a disconnect,méans intended to comply
ing requirements as defined in Article 225.36 of the National Electrical Code, N

e Reference Standard for Service Equipment,~tL"869A.

bnnections

shall have provision for connegtion of a wiring system. This provision shall cd

ther wiring terminals as specified in 16.1.4 — 16.1.14 or wiring leads as specifi
6.1.15 - 16.1.19, and

means for connectien of cable or conduit as specified in 16.1.22 and 16.2.1.

[he requirements described in 16.1.4 — 16.1.22 do not apply to the means for
pnal circuits-complying with the requirements specified in Accessible Signal Cir

the”generator is provided with AC convenience receptacles in addition

ice when the

with service
FPA 70, shall

nsist of:

ed in 16.1.4

connection to
lcuits, Section

0 the output

connections i

T 1611 theAC Tonvenience Teceptacte stattcompty wittr 1674

16.1.3 The requirement in 16.1.1 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.
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16.1.4 A field wiring terminal shall be sized for the connection of a conductor having an ampacity based
on Table 310-16 of the National Electrical Code, NFPA 70, of no less than 115 percent of the maximum
rated current to the first distribution device(s) containing overcurrent protection.

16.1.5 A field wiring terminal shall comply with the requirement in 16.1.4 for a wire of each metal for which
it is marked. See 68.2.7.

16.1.6 A field wiring terminal shall be provided with a pressure terminal connector of other than the
crimping type that is securely fastened in place — for example, firmly bolted or held by a screw.

Exception No. 1: A pressure terminal connector, including a crimping type, when used is field-installed in

accordance with 16.1.8.

Exception N@
(5.3 mn?¥) or
is provided tq

16.1.7 A field
friction betwe
mortises; by
equivalent m

Exception:
accordance

. 2: A wire-binding screw employed at a wiring terminal intended for connection
smaller conductor is not prohibited when upturned lugs, a cupped washer,) or 1
hold the wire in position.

wiring terminal shall be prevented from turning or shifting in position by a meg
en surfaces. This is to be accomplished by two screws or«rivets; by square
n dowel pin, lug, or offset; by a connecting strap or clip fitted-into an adjacent
bthod.

A pressure terminal connector of the type that s€cufes the wire by crimping
yith the requirements in 16.1.8 is not prohibited from turning when the least spa

adjacent termpinals and also between terminals and dead metal parts, complies with Spacing
for when conpectors are oriented in such a position thatifesults in these spacings.

16.1.8 In acgordance with Exception No. 1 to 16.1:6; a pressure terminal connector is not
provided whgn the conditions in (a) — (e) are met:

a) Ohe or more component terminal assemblies shall be available from the unit ma
or others, and they shall be spécified in the instruction manual. See 69.1.4 (b) and

b) The fastening hardware such as a stud, nut, bolt, spring or flat washer, or similg

requi

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

3)” Specified in the instruction manual.

ofa 10 AWG
he equivalent

ns other than
shoulders or
pbart; or by an

and used in
cing between
s, Section 24

equired to be

\nufacturer

().

r device, as

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

instal

lation of conductors.

d) When the pressure terminal connector provided in a terminal assembly requires the use of
other than a tool for securing the conductor, identification of the tool and any required
instructions shall be included in the assembly package or with the unit. See 69.1.4(d).
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e) Installation of the pressure terminal connector in the intended manner shall result in a unit
complying with the requirements of this standard.

16.1.9 An insulating base for support of a pressure terminal connector shall be subjected to the test
described in 58.1 and 58.2.

16.1.10 A wire-binding screw at a field-wiring terminal shall not be smaller than No. 10 (4.8 mm diameter).

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

a) 14 AWG (2.1 mm?) conductor, or

b) A|16 or 18 AWG (1.3 or 0.82 mm?) control-circuit conductor.

Exception Ng. 2: A No. 6 (3.5 mm diameter) screw is used for the connection of a16"or 18 AWG (1.3 or
0.82 mm?) cqntrol-circuit conductor.

16.1.11 A wife-binding screw shall thread into metal.

16.1.12 A tefminal plate tapped for a wire-binding screw shall be of metal not less than 0.050 inch (1.27
mm) thick.

Exception: A terminal plate less than 0.050 inch (1.27 mm) thick is not prohibited for use in @ LVLE circuit
or limited engrgy circuit (see 2.24 and 2.27) when the tapped threads have the mechanical strength to
withstand thg tightening torque specified in Table 16.1 without stripping.

Table' 16.1
Tightening torque_for'wire-binding screws

) o Tightening torque
Size of termjnal screw, Wire sizes to, e tested,
numnlber AWG? Pound-inches Newton rheters
16 — 18 (ST) 12 14
14.(S) and 16 — 18 (ST) 16 1|8
1o 10 =14 (S) and 16 — 18 (ST) 20 2|3
a8 ST — strandeql wire; S — solid Wwire.

16.1.13 Thele shall.he two or more full threads in the metal of a terminal plate. Extruding the metal at the
tapped hole fo provide at least two full threads is not prohibited.

Exception: Two Tull threads are not required for a terminal in a LVLE or limited-energy circuit (see 2.24
and 2.27) when a lesser number of threads results in a secure connection in which the threads do not strip
when subjected to the tightening torque specified in Table 16.1.

16.1.14 A terminal for connection of a grounded conductor of an alternating current power circuit shall be
identified as described in 68.2.10.
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16.1.15 A field-wiring lead shall not be more than two wire sizes smaller than the copper conductor to
which it is connected, and shall not be smaller than 18 AWG (0.82 mm?), for example, a 10 AWG (5.3
mm2) or larger field-wiring lead is required for connection to a 6 AWG (13.3 mm?) field-provided
conductor. A field-wiring lead shall not be less than 6 inches (152.4 mm) long.

Exception No. 1: A 18 AWG size field-wiring lead is not prohibited for connection to a 12 AWG (3.3 mm?)
size branch circuit conductor.

Exception No. 2: A lead, more than two wire sizes smaller than the field-provided copper conductor to
which it is connected, and not smaller than 18 AWG (0.82 mm?), is not prohibited when more than one
factory-provided copper lead is intended for connection to the same field-provided lead, and the

construction complies with the conditions in (a) — (c):

a A
remg
are g

b) T
ona

c) In

Exception N(

wire connector for connection of the field-provided wire is provided as parnt.of
te-control assembly, and the wire connector is intended for the combination of
pliced,

e factory-provided leads are bunched or otherwise arranged so that stress dd
0 individual lead, and

structions are provided in accordance with 69.1.4(e).

. 3: The requirements in 16.1.15 do not apply to cohtrol circuits (See Section

the unit or
wires that

es not result

D5).

16.1.16 A fidld-wiring lead shall consist of general buildingiwire, or other wiring when it has|an insulation
of:
a) Afleast 1/32-inch (0.8-mm) thick thermoplastic material,
b) At least 1/64-inch (0.4-mm) thick rubber plus a braid cover for applications of 340 volts or
less, land
c) Afleast 1/32-inch (0.8 mm)_thick rubber plus a braid cover for applications betwgen 301 and
600 yolts.
16.1.17 A figld-wiring lead provided for connection to an external line-voltage circuit [shall not be

connected to
the free end

connection of:

of the wiring lead unless the screw or connector is rendered unusable f

a) TI|1e lead is insulated at the unconnected end, and

a wire-bindifng-screw or pressure terminal connector located in the same coimpartment as

br field-wiring

b) A

marking is provided on the unit in accordance with 68.2.16.

16.1.18 The free end of a field-wiring lead that is not used in every installation, such as a tap for a
multivoltage transformer, shall be insulated. For a grounding lead, see 19.8.
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16.1.19 A field-wiring lead for connection of a grounded conductor shall be identified as described in

68.2.10.

16.1.20 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.

16.1.21 Wiring compartments, raceways, and similar equipment, for routing and stowage of conductors
connected in the field shall not contain rough, sharp, or moving parts that are capable of damaging
conductor insulation.

16.1.22 For a unit intended for installation on a raised floor and having provision for entrance of field

wiring throug

a) The bottom enclosure openings shall comply with 7.10.1, and

b) C

16.2 Openin

16.2.1 An opening or knockout complying with the requirements specified in 7.8.1 — 7

provided for

Exception:
knockout.

16.3 Openin

16.3.1 An ofq
an insulating

being within the enclosure so that it is praperly mounted when the unit is installed.

Exception:
a) Tl

b) T
in 69

N the bottom of the enclosure, the following requirements apply.

s for conduit or cable connection

onnection of conduit or cable wiring system.

A\ unit complying with 7.8.7 and 7.8.8 is not required to be provided with an

s for class 2 circuit conductors

ening for the entry of a conductor ‘0f conductors of a Class 2 circuit shall be
bushing. The bushing is not prahibited from being mounted in place in the op
[he bushing is not prohibifed from being omitted when:

e opening is capable of accommodating armored cable or conduit, and

ne installationinstructions indicate that Class 1 wiring methods are to be used|
1.4(0).

16.3.2 A bus
inch (3.2 m

ml)thick, except that it shall be not less than 3/64 inch (1.2 mm) thick when the
the hole is e fTTT ' i

hing of tubber or rubber-like material provided in accordance with 16.3.1 shall &

bnduit or knockout openings in accordance with 7.8.1 — 7.8.9 shall ‘he provided.

.8.9 shall be

opening or a

provided with
ening or from

as indicated

e at least 1/8
metal around

d so that it is

not exposed to oil, grease, oily vapors, or other substances having a deleterious effect on the material of
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.


https://ulnorm.com/api/?name=UL 2200 2015.pdf

42

STATIONARY ENGINE GENERATOR ASSEMBLIES - UL 2200

JUNE 1, 2012

16.4 Receptacles

16.4.1 AC convenience receptacle mounted in wet locations shall be provided with either:

a) A raintight, while-in-use, cover in accordance with the Standard for Nonmetallic Outlet

Boxe

s, Flush-Device Boxes, and Covers, UL 514C; or

b) A self closing enclosure, door or hinged cover that prevents wetting of live parts with the
attachment plug inserted or removed. The construction shall comply with the requirements in
Section 7, Frame and Enclosure, and Section 60, Cycling Test, as preconditioning for the tests
and requirements in Section 71 for Outdoor-Use Units.

17 Wire Ben

17.1 A perm
described in
Identification
installation in

17.2 The conductor size used in judging the wiring space is to be based“en the use of a co

in accordanc
17.3 Wire be
a) P
b) O
17.4 The win

enclosure su
or side surfa

[iing Space

hnently connected unit employing pressure terminal connectors for field eonnec
16.1.3 shall be provided with space within the enclosure as speeified in
of conductors, including grounding conductors, shall be based.on the m
structions.

b with 16.1.4.

nding space for field installed conductors shall be previded opposite any:
essure wire connector as specified in 17.4 ork37.5, and

pening or knockout for a conduit or wireway in a gutter as specified in 17.9.

e bending space shall be as specified in Table 17.1 for conductors that ente

face opposite its wire connectar(A wire is capable of entering or leaving a top,
e when there is an opening-ar Knockout for a wireway or conduit.

ion of circuits
17.3 — 17.7.
anufacturer’s

nductor sized

or leave the
pback, bottom,

Table 17.1
Minimum wi{re-bending space fot.conductors through a wall opposite terminals in inches (fnm)
Wird size Wires per terminal (pole) 2
AWG or kemil (mm 2) 1 2 3 4 or more
14 — 10 AWG (2.1.£58) Not Specified - - -
8 82) 1-1/2 (38.1) - - -
6 (13.3) 2 (50.8) - - -
4 (21 1) 3 (762) = = -
3 (26.7) 3 (76.2) - - -
2 (33.6) 3-1/2 (88.9) - - -
1 (42.4) 4-112 (114) - - -
0 (53.5) 5-1/2 (140) | 5-1/2 7 (179) -
2/0 (67.4) 6 (152)| 6 7-1/2 (192) -
3/0 (85.0) 6-1/2 [1/2]2 (165) | 6-1/2 [1/2]2  (165) 8 (203) -
4/0 (107) 7 e @79) | 7-1/2 [1-1/2p  (191) |8-1/2 [1/22 (216) -
250 kemil (127) 8-1/2 [2]2 (216) | 812 [2] (216) 9 e (29| 10 (254)
300 (152) 10 32 (254) | 10 [2]2 (254) 1 [ 79| 12 (305)
350 a77) 12 B (305) | 12 32 (305) 13 [3]2 (330)| 14 [22 (355)

Table'17.1'Continued on Next-Page
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Table 17.1 Continued
Wire size Wires per terminal (pole) 2
AWG or kemil (mm 2) 1 2 3 4 or more

400 (203) 13 [3]2 (330) 13 [3]2 (330) 14 [3]2 (355)| 15 [312 (381)
500 (253) 14 [BF (355) | 14 32 (355) 15 [3 (381)| 16  [3]* (406)
600 (304) 15 [3F (381) | 16 32 (406) 18  [BF (457)| 19  [3]* (483)
700 (355) 16 [3]2 (406) | 18 32 (457) 20 [BF (508)| 22 [3]* (559)
750 (380) 17 (432) 19 [3]2 (483) 22 [3]2 (559)| 24 [3]12 (610)
800 (405) 18 (457) 20 (508) 22 (559) | 24 (610)
900 (456) 19 (483) 22 (559) 24 (610) | 24 (610)
1000 GO7) 20 (G08) = = -
1250 (633) 22 (559) - - -
1500 (760) 24 (610) - - -
1750 (886) 24 (610) - . -
2000 (1013) 24 (610) - ~ -

Note — The tab)|
are not prohibit

a Wire bending

1) 0
remo|

2) T
struc

e includes only those multiple-conductor combinations that are intended to be used. Combination
bd from being given further consideration.

space are capable of being reduced by the number of inches shown in®rackets under the follow

hly removable or lay-in wire connectors receiving one wire each areused (there are sometimes m
able wire connector per terminal), and

e removable wire connectors are capable of being removed from their intended location without g
ural or electrical parts other than a cover, and are capable of being installed with the conductor ir}

5 not specified
ng conditions:

ore than one

isturbing
place.

17.5 Where
the wire bend
Table 17.2 w|

a) A

b) D
direc

b conductor is not likely to enter or leave the enclosure surface opposite its w
ing space shall be as specified in-Table 17.2. The wire bending space is in ac
here:

barrier is provided between:the connector and the opening, or

awings are providedispecifying that the conductors are not to enter or leave t
ly opposite the wire\connector. See illustrations A, B, and C of Figure 17.1.

re connector,
rordance with

he enclosure
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Table 17.2
Minimum width of gutter and wire-bending space for conductors through a wall not opposite

terminals in inches (mm)

Size of wire Wires per terminal (pole)
AWG or
kemil (mm 2) 2 3 4 5
14 — 10AWG (2.1 -5.3) Not specified - - - - -
8-6 (8.4 —13.3) 1-1/2 (38.1) - - - -
4-3 (21.1 - 26.7) 2 (50.8) - - - -
2 (33.6) 2-1/2 (63.5) - - - -
1 #272) 3 (7672) = = = -
1/0 — 2/0 (53.5 — 74) 3-1/2 (88.9) 5 (127) 7 (178) - -
3/0 - 4/0 (85.0 — 107) 4 (102) 6 (152) 8 (203) = -
250 kemil (127) 4-1/2 (114) 6 (152) 8 (203) 10 (254) -
300 — 350 (152 - 177) 5 (127) 8 (203) 10 (254) 127(305) -
400 — 500 (203 — 253) 6 (152) 8 (203) 10 (254) 12 (305) 14 (356)
600 — 700 (304 — 355) 8 (203) 10 (254) 12 (305) 14 (356) 16 (406)
750 — 900 (380 — 456) 8 (203) 12 (305) 14 (356) 16 (406) 18 (457)
1000 — 1250 | (507 — 633) 10 (254) - = - -
1500 — 2000 | (760 — 1010) 12 (305) - - - -
Note — The table includes only those multiple-conductor combinations that are likély to be used. Combinations ngt mentioned
are not prohibited from being given further consideration.
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Figure 17.1

Wire bending space
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D, is the distan
through.

D, is the distand
to pass through.

D3 is the width g

2 A conduit ope
bending space S

b A conduit ope
terminal lugs eit
or knockout is n

Q@@
OO

E Borriercf\ b2

/X7 X)]
BcurrierCI ; D1 or D2

E

'/ Wiring Gutter®

QDD

S3511A

pecified in Tablen7.1.

[———

[ |

\\ Enclosure Walls ‘—/I ﬁ

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

f a wiring gutter having atside through which conductors are intended to pass through.
hing or knockout i§ provided in the wall opposite the terminal lugs. D; shall not be less than th
ing or knockout is provided in the wall at a right angle to the wall opposite the terminal lugs. The

er is nat provided with a knockout or conduit opening or a marking is provided indicating that the
bt\tope used. D, shall not be less than the minimum wire bending space specified in Table 17.2.

htended to pass

are not intended

e minimum wire

vall opposite the
conduit opening

¢ A conduit opening or knockout is provided in the wall at a right angle to the wall opposite the terminal lugs. In addition, a conduit
opening or knockout is provided in the wall opposite the terminal lugs, however, a barrier preventing the use of the opening is
provided. D, shall not be less than the minimum wire bending space specified in Table 17.2.

d When a barrier or other means is provided restricting bending of the conductor, the distance D; or D,, as applicable (see notes
for D, and D, above) is to be measured from the end of the barrier.

€ A conduit opening or knockout is provided in a wiring gutter. The width of the gutter, D3, shall not be less than the minimum wire
bending space specified in Table 17.2.
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17.6 Where a conductor is restricted by a barrier or other means from being bent where it leaves the
connector, the distance is to be measured from the end of the barrier. See illustration D of Figure 17.1.

17.7 For a unit not provided with a conduit opening or knockout (see 7.8.7) the minimum wiring bending
space specified in 17.4 — 17.6 shall be based on:

a) Any enclosure wall that is used for installation of the conduit, or

b) Only specific walls that are to be used as determined by a marking, drawing, or template
furnished with the unit.

17.8 The distance specified in 17.3 — 17.5 is to be measured in a straight line from the edge of the wire
terminal closgst to the wall in a direcfion perpendicular t0 the box wall or barrier. See IMusifations A — C
of Figure 17... The wire terminal is to be turned so that the axis of the wire opening in\thg connector is
as close to perpendicular to the wall of the enclosure as possible without defeatingany mgans provided
to prevent tufning, such as a boss, shoulder, walls of a recess, multiple bolts secuting the |connector, or
similar device. A barrier, shoulder, or similar device is to be disregarded when the)measurement is being
made when it does not reduce the radius to which the wire must be bent. When a termingl is provided
with one or njore connectors for the connection of conductors in multiple,-the distance is to [oe measured
from the wirgl opening closest to the wall of the enclosure.

17.9 The width of a wiring gutter in which one or more knockouts.dare 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, withixeSpect to conductors entering a knockout,
are the same as the values of minimum intended bending ‘space given in Table 17.2. See illustration E of
Figure 17.1.

Exception: The wiring space is not prohibited frombeing of less width when:
a) Khockouts are provided elsewherevthat are in compliance with these requirements,

b) The wiring space at such other point or points is of a width that accommodates |the
condlctors in question, and

c) The knockout or knockouts at such other points are used in the intended wiring |of the unit.
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18 Output Circuit Grounding
18.1 General

18.1.1 The generator assembly shall be provided with a means for grounding the output circuits in
accordance with the National Electric Code, NFPA 70, Article 250.

18.1.2 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) THhe circuit 1s rated 50 — 600 voIts, and

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

1) A circuit that is grounded so the maximum voltage to grotihd’on the undrounded
conductors does not exceed 150 volts. This requires that<one conductor of leach of the
following circuits be grounded:

i) 120 volts, 2-wire;

i) 240/120 volts, single-phase, 3-wirg;

iii) 208/120 volts, two-phase, 3-Wire;

iv) 208/120 volts, three-phase, 4-wire.

2) A circuit nominally rated. 480 wye/277 volts, 3-phase, 4-wire in which th¢ neutral is
used as a circuit conductor,

3) A circuit-nominally.rated 240/120 volts, 3-phase, 4-wire in which the migpoint of one
phase is used asta circuit conductor.

For other unifs, an output altétnating current power circuit complying with (a) is not prohibit¢d from being
grounded when the constfuction complies with the requirements described in 18.1.3 and 1§.1.6.

18.1.3 With feference to 18.1.2, the conductor to be grounded shall be as follows:

a) Single*phase alternating current system, 2-wire — one conductor.

b) Single-phase alternating current system, 3-wire — the neutral conductor.

¢) Multiphase alternating current system having one wire common to all phases — the common
conductor.

d) Multiphase alternating current system where one phase is used as in (b) above — the neutral
conductor.
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18.1.4 Grounding of the circuits specified in 18.1.2 — 18.1.3 shall be made by a bonding jumper (see
18.1.5) connected between the grounded conductor referenced in 18.1.3 and to:

a) The enclosure of a metal-enclosed unit, or

b) The metal chassis that is bonded to the equipment grounding conductor or terminal 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

18.1 and identified in accordance with 68.2.10, shall be connected to the circuit by a bonding
jumpr of a size not less than specified in Column 4 of Table 18.1, and

b) Almarking identifying the circuit as a separately derived source and referencing |the
instryction manual in accordance with 68.2.19.
Table 18.1
Size ¢f circuit bonding, equipment-grounding, and grounding electtede conductors
Column 2 Column 3 Column §#
Minimum size of equipment
grounding or bonding Minimum size of_grdunding Minimum size of ofitput circuit
conductor AWG or kcmil electrode conductor AWG or bonding jumper AWG or kcmil
Column 1 (mm?2)P kemili(mm 2) (mm?2Je
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 (23.3) 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 (336) | 1/0  (53.5) 2 (336) | (110  (53.5)
400 3 (26.7 1 (42.4) | 1/0° (535) | 3/0c (85.0) | 1/0° (53.5) | [3/0c  (85.0)
500 1 (33.6) 1/0 (53.5) 2/0 (67.4) 4/0 (107.2) 1/0 (53.5) 3/0 (85.0)
600 1 (42.4) 2/0 (67.4) 2/0 (67.4) 4/0 (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 (a27)
1600 4/0  (107.2)| 350  (127) 30 (85.0) | 250  (127) | 3009  (152) | 400¢  (203)
2000 250  (127) | 400  (203) 30 (85.0) | 250  (127) | 400  (203) | 5009  (253)
2500 350 (177) | 600  (304) 30 (85.0) | 250  (127) | 5009  (253) | 7009  (355)
3000 400  (203) | 600  (304) 30 (85.0) | 250  (127) | 6009  (304) | 7509  (380)
4000 500 (253) 800 (405) 3/0 (85.0) 250 (127) 7004 (380) | 10009  (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 Table 18.2 for equivalent area of bus.

as the current-carrying conductors.

a8 Maximum ampere rating of the output circuit overcurrent protective device described in 29.3.1 — 29.3.3.
b The equipment grounding conductor in the cord for a portable or stationary unit are not prohibited from being the same size

Table'18.1'Continued on Next-Page
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Table 18.1 Continued

Column 2 Column 3 Column 4
Minimum size of equipment
grounding or bonding Minimum size of grounding Minimum size of output circuit
conductor AWG or kcmil electrode conductor AWG or bonding jumper AWG or kcmil
Column 1 (mm?2)P kemil (mm 2) (mm?)e
Maximum Aluminum or Aluminum or Aluminum or
current rating 2 copper-clad copper-clad copper-clad
(Amperes) Copper aluminum Copper aluminum Copper aluminum

¢ When the wire terminal connectors for the input or output circuit conductors, as applicable, are rated for two 3/0 AWG copper
or two No. 250 kcmil aluminum conductors and do not accept a No. 600 kemil conductor, these values are not prohibited from

being reduced jo 2 AWG copper or 1/0 AWG aluminum.
d The cross segtion is not prohibited from being reduced to 12.5 percent of the total cross section of the largest’ipput or output
circuit conductqr, as applicable, of the same material (copper or aluminum) for any phase on units rated-1200 anpperes and
above. This applies when the cross section of the circuit conductors is limited by the wire terminal conneetors prvided.
€ The bonding jJumper for a stationary unit is not prohibited from being the same size as the current-carrying congluctors of the
output circuit.
Table 18.2
Equivalent cross-sectional areas of wires and buses
Minimupmycross section of bus
Wire sie (AWG or kcmil) Inch?2 mm?2
8 0.013 8.39
6 0.022 13.55
4 0.0383 21.29
3 0,041 26.45
2 0.052 33.55
1 0.066 42.58
0 0.083 53.55
2/0 0.105 67.74
3/0 0.132 85.16
4/0 0.166 107.10
250 0.196 236.45
300 0.236 152.26
350 0.275 177.42
400 0.314 202.58
500 0.393 253.55
600 0.471 303.87
700 0.550 364.84
750 0.589 380.00
800 0.628 405.16
1000 0.785 506.45
1200 0.942 607.73
1250 0.981 632.90
1500 1.178 760.00

18.1.5 The size of the bonding jumper specified in 18.1.4 shall be, based on the current rating of the
circuit, not less than the value specified in Column 4 of Table 18.1.
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18.1.6 A fixed unit shall be provided with a terminal that complies with 16.1.5 — 16.1.14 for connection of
the grounding electrode conductor to the metal enclosure or equipment grounding conductor described in
18.1.4 (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 18.1, and

b) Marked as described in 68.2.11.

18.1.7 For an alternating current output circuit of a unit having a polarized AC convenience receptacle,
lead, or terminal identified as a grounded circuit (see 68.2.10) that is not grounded at the unit itself
because of an electrical connection to supply conductors originating in another wiring system — see
18.1.2(a), a potential Involving a risk of electric shock shall not exist between ground and the grounded
circuit contagt, terminal, or lead. Compliance with this requirement is to be determined by the test
specified in 50.1.

Exception: [he test described in 50.1 is not required when the ac input neutral and ac ¢utput neutral
conductors dre solidly connected together, that is, no electronic components”connected|between the
neutral condlictors.

18.2 Ground|fault circuit interrupter
18.2.1 All oytput circuits for supplying 120 volts, 60 Hz, 2-wireé with ground and 120/240 |volts, 60 Hz,
3-wire with gfound to convenience outlets shall be protected-by ‘ground fault circuit interrupters designed
for the current involved.
18.2.2 When installed on the generator, the ground fault circuit interrupter shall have a current rating not
less than 115 percent of the circuit rating, and-shall be installed in accordance with ifs installation
instructions.
Exception: [Dedicated purpose generator.component outlets shall comply with the following:

1) The dedicated purpose generator receptacle shall be grounded;

2) The dedicated generator outlets shall be provided with protection rated for the marked
brangh circuit for thé qutlet and for the specific dedicated load(s) connected to them;

3) Alsingle outlet-may be provided per dedicated purpose generator component, apd

4) Dedicated purpose generator outlets shall be marked in accordance with 68.3.1p.
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19 Equipment Grounding

19.1 There shall be provisions for grounding all dead metal parts of a unit that are exposed or that are
capable of being contacted by a person during intended operation or adjustment and that are capable of
becoming energized as a result of electrical malfunction.

19.2 The provisions for equipment grounding specified in 19.1 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 26, are not required
to have provisions for equipment grounding.

19.3 To detd
proximity of
overload, end

19.4 The grg

19.5 An eqU
enclosure by
inadvertently
disconnected

19.6 An equ
vitreous enar

19.7 Anequ
removed duri

rmine whether a part IS capable of becoming energized, factors such as con
viring, and the results of a dielectric voltage-withstand test (conducted after-t
urance, and abnormal tests) are to be evaluated.

unding means shall consist of an equipment-grounding terminal or\ead.

ipment-grounding terminal or lead-grounding point shall ke _connected to

a positive means, such as by a bolted or screwed connectieh. To reduce the
disconnected, the removal or opening of covers shall ot require the grour
. The bolt head of a grounding stud shall not be accessible from the outside o

ipment-grounding connection shall penetrate @.nonconductive coating, such
hel.

pment-grounding point shall be located sa.that the risk the grounding means is
ng servicing is reduced.

19.8 A free g¢nd of an equipment-grounding lead shall be insulated (for example, the end is

back and tap
that the lead

19.9 An equ
have a free |
without one (
shall be so id

Exception:
low-voltage |

ed to the lead) unless the lead is located so that it does not contact live parts
is not used in the field.

pment-grounding lead shall be a size specified in Column 2 of Table 18.1. T
bngth of at least g~inches (152 mm) and the surface of the insulation shall be
r more yellow Stfipes. No other lead in a field-wiring compartment or visible t
entified.

'he calor)coding requirement does not apply to low-voltage Class 2 circuits
bads ‘are:

struction, the
he applicable

the frame or
risk of being
d lead to be
f the unit.

as paint or

inadvertently

5 to be folded
in the event

he lead shall
green with or
b the installer

provided the

a) L

cated Ternote TorT the fie-voitage CoTmeTtions and the segregation comphes

requirements in Separation of Circuits, Section 28, or

b) Marked in accordance with 68.2.17.

with the
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19.10 An equipment-grounding conductor shall not be spliced.

19.11 An equipment-grounding connection, equipment-grounding conductor, enclosure, frame,
component mounting panel, or any other part connected to earth ground shall not carry current except
during an electrical malfunction. See 25.1.

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

19.12 A grounded circuit conductor shall not be connected to any equipment-grounding or bonding circuit

in a unit.

Exception: [he output circuit of a unit as described in 18.1.1 and 18.1.Z 1S not pronibite
connected to|an equipment-grounding or bonding circuit.

19.13 A soldering lug, a connection means that depends on solder, a screwless (push-in)
quick-connect, or other friction-fit connector shall not be used for equipment-greunding.

d from being

connector, a

19.14 The equipment-grounding terminal shall be capable of securing a eanductor of a siz¢ intended for

the applicatign in accordance with Column 2 of Table 18.1 and shall he“eonstructed in acd
the requiremgnts specified in 16.1.5 — 16.1.13.

19.15 A wirg¢-binding screw employed for the connection gf ‘& field-installed equipme
conductor shall have a green colored head that is either héxagonal, slotted, or both. A
connector intended for connection of such a conductor shall-be marked as described in 68.

19.16 When|two or more units are interconnected elgttrically and one of them is grounded,
bonded together, such as by means of a conductor included in an interconnecting c
conductive mechanical means, including the use’of starwashers or the equivalent (see 20.4

20 Bonding ¢f Internal Parts

20.1 On a generator having provisions for grounding (see 19.1) all exposed dead metal
capable of b@coming energized through electrical fault that involves a risk of electric shoc
energy — high current levels, shall*be conductively connected to the equipment grounding n

20.2 All unin
mounting bra
electrical ene
contacted by

sulated metal, parts of the enclosure, motor frames and mounting brackets
ckets, capacitors, and other electrical components that involve a risk of ele
rgy —.high current levels shall be bonded for grounding when they are cap
the_user or inadvertently contacted by the serviceman.

ordance with

nt grounding
bressure wire
D.8.

they shall be
able or by a
—20.10).

barts that are
or electrical
heans.

, component
tric shock or
able of being

Exception: ATmetal partas described i {(a)— (g) 15 ot Tequired to-be-bortded for groarrdir

9.

a) An adhesive-attached metal foil marking, a screw, a handle, or similar device, that is located
on the outside of an enclosure or cabinet and isolated from electrical components or wiring by

grounded metal parts so that they do not become energized,

b) An isolated metal part, such as a magnet frame and an armature, a small assembly screw,

or similar part, that is positively separated from wiring and uninsulated live parts,

¢) A panel or cover that does not enclose uninsulated live parts when wiring is positively

separated from the panel or cover so that it does not become energized,
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d) A panel or cover that is insulated from electrical components and wiring by an insulating
barrier of vulcanized fiber, varnished cloth, phenolic composition, or similar material not less
than 1/32 inch (0.8 mm) 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 68.3.10, and

g) A

capacitor sleeved with insulating tubing complying with 24.2.2.

20.3 An internal metal-to-metal connection for bonding internal parts to an enclosure for grounding, and

not for a fielg
from employi

a) The connector is not displaced;

b) The terminal has the dimensions specified in Table 20.1; and

c)T
20 al

e
:Lperes or less.

-installed grounding conductor or for the grounding wireé In a supply cord, IS
Ng a quick-connect terminal when:

component is limited to use on a circuit having a branch-eircuit protective d

Table 20.1
Quick-connect terminals for bondingtinternal parts

hot prohibited

bvice rated

Nominal size of termipafxinches (mm)

Width Length Thickness
0.187 4.7) 1/4 (6.4) 0.020 (0.5)
0.187 4.7 1/4 (6.4) 0.032 (0.8)
0.205 (5.2) 1/4 (6.4) 0.032 (0.8)
0.250 (6.4) 5/16 (8.0 0.032 (0.8)
20.4 Where the continuity of the,grounding system relies on the dimensional integrity of o nonmetallic
material, the material meets the.ntent for the purpose when investigated for creep in accordance with the

Standard for

20.5 A sepa
intended for
against corro

Polymeric Materials — Short Term Property Evaluations, UL 746A. See also 2().

fate component bonding conductor shall be of copper, a copper alloy, or g
Ise as_an)electrical conductor. Ferrous metal parts in the grounding path shall
Sion By“painting, galvanizing, plating, or equivalent means. A separate bonding

8.

ther material
be protected
conductor or

strap shall:

a) Be protected from mechanical damage or be located within the outer enclosure or frame,

b) Not be secured by a removable fastener used for any purpose other than bonding for
grounding, unless the bonding conductor remains after removal and replacement of the
fastener, and

c) Not be spliced.
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20.6 The bonding shall be by a positive means, such as by rivets, bolted or screwed connections, or by
welding, soldering, or brazing with materials having a softening or melting point greater than 455°C
(850°F). The bonding connection shall penetrate nonconductive coatings, such as paint or vitreous
enamel and provide metal-to-metal contact. Bonding around a resilient mount shall not depend on the
clamping action of rubber or similar material, other than as indicated in 20.8.

20.7 With reference to 20.6 where, penetration of a nonconductive coating is not determined by
examination, a Grounding Impedance Test, Section 56, shall be conducted.

20.8 A connection that depends upon the clamping action exerted by rubber or similar material is not
prohibited when it complies with the requirements in the Bonding Conductor Test, Section 62, for bonding
conductors under any normal degree of compression exerted by a variable clamping device and when the

results are u
occur in sery
clamping de
intended pos
20.9 A sepal

a) N

b) N

c) C
20.10 With r
device is invd
intended to p
21 Internal V|

21.1 Wires

21.1.1 The ipternal wiring of a generator shall be rated for the particular application with o
hnd voltage, exposure to oil or grease, and other conditions of service to which the wiring is

temperature
subjected.

21.1.2 With fespect to21:1.1, the effects of vibration, impact, and exposure are to be taker

for wires sma

21.1.3 All wi

changed after exposure to the effects of oll, grease, moisture, and thermal de
ice. Also, the effect of assembling and disassembling, for maintenance purp
ice is to be taken into account with particular emphasis on it beingyreass
tion.

ate component-bonding conductor shall:

bt be smaller than the size specified in Column 2 of Table, 1871, (see 20.10),
bt be smaller than the conductor supplying the companent, or

bmply with the marking requirements in Details; Section 68.

eference to Column 2 of Table 18.1, wherésmore than one size branch-circu
Ived, the size of the bonding conductor js\to be based on the rating of the overq

rovide ground-fault protection for the.component bonded by the conductor.

/iring

ller thah 24 AWG (0.21 mm?3).

ringyshall be polyvinyl chloride (PVC), polytetrafluoroethylene (PTFE), fluorin

propylene (FEP), or meoprene nmsutated, or stratttompty withtheverticat wire ftame test et

the Standard

Exception:

hradation that
oses, such a
embled in its

t overcurrent

urrent device

espect to the

into account

hted ethylene

for Thermoplastic-Insulated Wires and Cables, UL 83.

The requirements in 21.1.1 — 21.1.3 do not apply to wiring for Class 2 circuits.

guirements in
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21.2 Protecti

on of wiring

21.2.1 Internal wiring shall not be accessible when judged in accordance with Protection of Users —
Accessibility of Uninsulated Live Parts, Film-Coated Wire, and Moving Parts — and User Servicing, Section

8.

Exception:
enclosure so

that it is not subjected to stress or mechanical damage.

Internal wiring is capable of being accessed when it is located and secured within the

21.2.2 Wires within an enclosure, compartment, raceway, or similar part shall be located or protected to
reduce the risk of unintentional contact with any sharp edge, burr, fin, moving part, or similar part that is
capable of damaging the conductor insulation.

21.2.3 Intern|
subjected to
a risk of fire
risk of fire or

21.2.4 A hol

al wiring shall be so routed and secured that neither it nor related electricalco
S5tress or mechanical damage in such a manner that a broken termination)dog
Dr electric shock by contacting parts of different circuits or other parts,thiat ma
electric shock to the user.

b in a sheet-metal wall through which insulated wires pass atd,on which they

provided with
bear, to avoi

21.2.5 A bughing used on other than smooth, rounded surfaces)of’a hole through which wi
be of material that has mechanical and heat-resistant properties intended for the applica

abrasion of insulation.

porcelain, phenolic fiber at least 3/64 inch (1.2 mm) thick,*a-material complying with the re

the Standar
rounded met
(see 16.3.2)

21.2.6 Metal
well-rounded

21.2.7 Auxili

a) U

for Polymeric Materials — Use in Electrical’ Equipment Evaluations, UL 746
I. A soft-rubber bushing or similar devicé.is not to be used for other than low-
inless the material has been evaluated and found to comply for the purpose.

clamps and guides used for rquting stationary internal wiring shall be provided
edges.

hry mechanical protection that is not electrically conductive shall be provided:

nder a metal clampat which pressure is exerted on a conductor having therm

insulation less than 0.030 inch (0.76 mm) thick and no overall braid, and

Exce
synth

ption: AGxiliary mechanical protection is not required for conductors having
etic insulation.

nnections are
s not present
y introduce a

bear shall be

a smoothly rounded bushing or shall have smooth, rounded-surfaces upon wiich the wires

es pass shall

:Iion— such as

uirements in
C or smooth,
oltage wiring

with smooth

bplastic

cross-linked

b) O

n.any wire or wires that are subject to motion.
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22 Current-Carrying Parts

22.1 Genera

22.1.1 A current-carrying part shall be of silver, copper, a copper-base alloy, stainless steel, aluminum,
or other materials intended for the application.

Exception No. 1: Plated steel may be used for secondary-circuit parts and for some primary-circuit parts
(such as for capacitor terminals where a glass-to-metal seal is required and for leads or threaded studs
of semiconductor devices).

Exception No. 2: Blued steel or steel with equivalent corrosion resistance may only be used for the

current-carryi
governor, mg

22.1.2 An ur

the base or n
a reduction o

22.2 Bus ba
22.2.1 Each
Exception Ng

Exception Ng
or less.

Exception Nd
investigated
Bus Bar Test

Exception N(
required to b

22.2.2 The O
meets the int

22.2.3 Each
a flat washer

Nng arms orf mechanically or magnetically operated lear swiiches, within a

insulated live part and a component that has uninsulated live partscshall be s
hounting surface that they do not turn or shift in position where sueh_displacen
f spacings below the minimum required values in Spacings, Section 24.

S

bus bar shall be plated at each joint with tin, silver, aickel, or cadmium.

. 1: A welded or brazed joint is not required to he plated.

. 2: A copper bus bar is not required to be plated when the current at the joint is
. 3: Other coatings are not prohibited from being used for aluminum bus bars |
or the application in accordancewith the requirements for current-carrying part:
s, Section 66.

b plated. See 22.3.14

ending of a buS bar shall not result in visible cracks. Roughening or slight su
ent of the requirement.

riveted joint connection shall have a spring washer at one end and either a spr
at the other end. See 22.2.5 and 22.2.6.

tor terminals included, or where the temperature is in excess of 100°C (212°F).

notor and its

50 secured to
ent results in

600 amperes

vhen they are
5 described in

. 4. A bus bar provided_with an oxide inhibiting compound over the joint slirfaces is not

rface crazing

ng washer or

Exception No—1—ATornmection rated 225 amperes or 1€55 ermpioying copper bus bars ory1s not required

to comply.

Exception No. 2: Other constructions employing a rivet are not prohibited when they are investigated in
accordance with the applicable requirements in Bus Bar Tests, Section 66.
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22.2.4 Each joint connection shall employ a spring washer at one end of a bolt. See 22.2.6.

Exception No. 1: A spring washer is not prohibited from being replaced with a split ring lock washer and
flat washer when each bus in the joint is copper or when each aluminum bus in the joint has a tensile yield
strength of at least 20,000 psi (138 MPa).

Exception No. 2: A flat washer, a split-ring lock washer, or a bolthead that complies with 22.2.5 is not
prohibited from being used in place of a spring washer when the joint does not include any aluminum or
when aluminum bolts are used with aluminum bus bars.

Exception No. 3: Other constructions comply when they are investigated in accordance with the applicable

requirements

in Bus Bar Tests, Section 66.

22.25 The f:%t washer specified in 22.2.3 shall have a thickness of at least one-sixth that of
ank or bolt and shall have an outer diameter at least 150 percent of the\rivet

of the rivet s
and not less

22.2.6 A spri
tempered ste
less than ong

22.2.7 Unles
and another (

22.2.8 Wher
so that it is p,

22.2.9 The d

Exception N
exceeding th
of Tables 22

Exception N
maximum bu
a current der

than the outer diameter of any adjacent spring washer.

hg washer as specified in 22.2.3 and 22.2.4 is a dished washer of|stainless, or
el, having an outer diameter not less than 150 percent of the\belt diameter, a
-eighth of the bolt diameter, and dished not less than 3-142"percent of the bol

S investigated for such use, a bolted connection betweén two bus bars or betw
urrent-carrying part shall not depend on the dimenSional integrity of a thermopl

b insulating or tubing, as described in 24.2.2 ‘and 24.2.4, is applied over busba
pssible to tighten a bolted joint without rem@ving any insulating material.

urrent density of a bus bar shall not be'more than that indicated in Table 22.1

. 1: A bus bar having charactetistics that do not result in maximum bus bar
b values specified in Table 4442 is not prohibited from having a current density
1 and 22.2.

D. 2: A bus bar contained in a unit having forced air ventilation that does
5 bar temperatures-exceeding the values specified in Table 44.2 is not prohibite,
sity exceeding(that of Tables 22.1 and 22.2.

the diameter
shank or bolt

hardened and
thickness not
diameter.

pen a bus bar
hstic material.

rs, it shall be

or 22.2.

temperatures
xceeding that

not result in
¢ from having
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Table 22.1

Ampacity of single or multiple bus bars and clamped joints

Current density in amperes per square inch (6.45 cm  2)

Contact area at clamped
Bus bar material 2 Current Bus bar cross section joints
Copper 0 — 600 amperes 1000¢ 200
Copper Over 600 1000¢ 200de
AluminumP Any 750° 200%€

¢ See also Tab
d See 22.1.1, 2
€ Joints bolted

a Multiple bus bars in parallel shall be of the same material.
b Minimum conductivity of 55 percent of International Annealed-Copper Standard.

P.2.10 — 22.2.12.

hnd plated with silver, tin, nickel, or cadmium.

e 22.2 for 800 ampere maximum single bus bars.

Table 22.2
Rating and sizes of single bus bars — 800 amperes maximum

provide not les
2 Bolted joints

a A bus bar ha
and when it ha

b Minimum con

equivalent rigidity.

than 1 square inch (6.5 cm?) per 200<amperes.
hnd bus bars plated with silver, tin~nickel, or cadmium.
ing other dimensions is not prohibited when it has not less than the cross-sectional area specifie

Huctivity of 55 percent of International Annealed-Copper Standard.

Copper bus Aluminum bus P
C‘_‘"e’_“ Bus size @ Cross section Bus size 2 Cross section
rating in
amperes Inches mm in 2 mm?2 inches mm in 2 mm?2
225 0.125 by 0.875 3.2 by 22.2 0.109 | 70.3 0:250 by 0.875 6.4 by 22.2 0.219 | 141.3
400 0.250 by 1.500 6.4 by 38.1 0.375 | 242.0 0.250 by 2.000 6.4 by 50.8 0.500 | 322.6
600 0.250 by 2.000 6.4 by 50.8 0.500 | 3226 See Table 22.1 See Table 22.1 |[0.800 | 518.1
800 0.250 by 3.000 6.4 by 76.2 0.750 |.483:9 See Table 22.1 See Table 22.1 |[1.067 | 688.4
NOTES
1 See 22.2.10 {+ 22.2.12; for multiple buses in parallel, refer to Table 22.1. The minimum contact area at a clamged joint shall

in the table

22.2.10 The
5 percent du

22.2.11 Ren
when:

cross section ¢f a bus as covered in Table 22.1 or 22.2 shall not be reduced
b to rounding;shaping, or dimensional tolerances.

by more than

oval of\part of the bus material for slots or holes (whether used or not) is pot prohibited

a) The remaining material af any cross section along the length of the bus bar has at least 70
percent of the required ampacity in accordance with Table 22.1 or 22.2 and 22.2.12, and

b) The remaining metal in any 6-inch (152-mm) length of bus is at least 93 percent of the metal
of a bus having the required ampacity in accordance with Table 22.1 or 22.2 and 22.2.12. For
example, a 1-inch (25.4-mm) wide bus is not prohibited from having 9/32 inch (7.1 mm) holes
on 1-inch centers or a 4-inch (102-mm) wide bus is not prohibited from having 13/32-inch (10.3-
mm) wide slots 3.2 inches (81.3 mm) long every 6 inches (152 mm).
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Exception:

The above limitations do not apply to a bus bar having characteristics that do not result in

maximum bus bar temperatures exceeding the values specified in Table 44.1 under the test conditions
indicated in Temperature Test, Section 44.

22.2.12 The limitations on current density specified in Tables 22.1 and 22.2 do not apply to:

a) A connecting strap, bus, or similar device comprising a part of a circuit breaker, switch, or
fuseholder employed in the unit, and

b) A portion of a strap, bus, jumper, or similar device adjacent and connected to a terminal of a
switch, circuit breaker, or fuseholder, and not more than 1 inch (25.4 mm) from the terminal,
when a reduced cross section in that portion is required because of the recessing of the

termi
22.3 Heat si

22.3.1 A cur
equivalent at

Exception N(
contacting th

Exception N{
Cycling Test,

23 Electrical

23.1 The red
installed.

23.2 A splice

23.3 A soldg

hal or because of barriers adjacent to It.
ks

Fent-carrying, aluminum heat sink shall be plated, conductive anedized, irra
surfaces contacting the solid state component.

. 1: A heat sink provided with an oxide inhibiting compound over the heat
b solid state component.

. 2: A heat sink subjected to the heat cycling tests’ described in Heat Sink
Section 64.

Connections

uirements described in 23.2 — 23.7 apply to connections of internal wiring th

or connection shall be mechanically secure and shall make electrical contact

red connection is mechanically secure where the lead is one of the following

a) Wrapped one full turtvaround a terminal,

b) B

wiring boards where components are properly inserted or secured (as in a surface

comy

onent) and wave- or lap-soldered, or

c) T

diated or the

sink surfaces

Temperature

ht are factory

br equivalent:

PNt at a right'angle after being passed through an eyelet or opening, except o printed-

mounted

visted with other conductors.

23.4 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.
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23.5 A nominal 0.110-inch (2.8-mm), 0.125-inch (3.2-mm), 0.187-inch (4.7-mm), 0.205-inch (5.2-mm), or
0.250-inch (6.4-mm) wide quick-connect terminal shall comply with the Standard for Electrical
Quick-Connect Terminals, 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 with UL 310.

23.6 An open-end spade lug does not comply unless an additional means, such as upturned ends on the
lug or bosses or shoulders on the terminal, is provided to hold the lug in place when the binding screw or
nut loosens.

23.7 A splice shall be provided with insulation equivalent to that of the wires involved unless permanent
spacings are maintained between the splice and other metal parts. Insulation of the splice shall be one of

the following [or equivalent:
a) Alsplicing device such as a pressure wire connector is not prohibited when.insujated for the
voltage and temperature the device is to be subjected or,
b) Inkulating tubing or sleeving used to cover a splice shall be usedfih, accordance|with 24.2.2,
or,
c) Two layers of thermoplastic tape, or two layers of friction tape, or one layer of frjction tape

and ¢ne layer of rubber tape, when the voltage involved jisess than 250 volts. The
tape wrapped over a sharp edge does not comply.

rmoplastic

Exception:
coil windings

\ splicing device, insulating tubing, sleeving, artape is not required for use on|splices within

24 Spacings

24.1 Generdl

24.1.1 The s
applicable va
— see 2.15 4
purpose of

environment.

Exception Nd
24.2.1 and W

Exception Nd

pacings for a generator intended for use in a general environment shall not be
ues specified in Table 24.1. Spacings for a unit intended for use in a controlled
nd 24.1.3 — shall net be less than the applicable values specified in Table
his requirement;~a*general environment is an environment other than

. 1: The Spacing requirements of 24.1.1 shall not apply when the generator
here lirlers and barriers are used.

.2.:\The spacing requirements of 24.1.1 shall not apply to the area between ad|

less than the
environment
P4.2. For the
a controlled

complies with

acent foils on

printed wiring

boards provided wittr & corforTal coatiig coTmplyig WittT the Tequirererts i

for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C. See 24.1.2.

the Standard

Exception No. 3: On printed-wiring boards having a flammability classification of V-0 in accordance with
the Standard for Tests for Flammability of Plastic Materials for Parts and Devices and Appliances, UL 94,
and constructed from a base material having a minimum Comparative Tracking Index (CTI) rating of 100
and 175 volts (as determined by the Standard for Polymeric Materials — Use in Electrical Equipment
Evaluations, 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:
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a) The spacings comply with the requirements in Evaluation of Reduced Spacings on Printed-
Wiring Boards, Section 61, or

b) An analysis of the circuit indicates that no more than 12.5 milliamperes of current flow
between short-circuited traces having reduced spacings.

Exception No. 4: For multilayer-printed wiring boards, the minimum spacing between adjacent internal
foils of opposite polarity and between an internal foil and a plated-through hole is 1/32 inch (0.79 mm).
When these foils are in circuits described in 24.1.12 or 24.1.13, no spacing is specified.

Exception No. 5: The spacing requirements in Tables 24.1 and 24.2 do not apply to inherent spacings of
a component such as a switch, lampholder, power switching semiconductor, or a motor. See 24.1.7.

Exception N(

semiconduct

Table 24.1

. 6. Spacing requirements do not apply between adjacent terminals of a\pe
br device including the connection points of the terminals of the device,

Spacings for units intended for use in a general environment

er switching

Minimum spacings, inch_(mm)

Between any [uninsulated
live part and the walls of a
Between any uninsulated live part and an uhinsulated live metal enclosurg including a
part of opposite polarity, uninsulated grounded part other fitting for cpnduit or
o than the enclosure, or exposed metal part 2 armored cable P
Potential involved, volts rms
(peak) Through air Over surface Shortest digtance
0-50(p - 70.7) 1/16 (1.6)cd 1/16 (1.6)cd 1/16 [1.6)¢
Greater than 40 to 150 (70.7 1/8 (3.2)cd 1/4 (6.4)d 1/4 (6.4)
to 212.1)
Greater thaf 150 to 300 1/4 (6+4) 3/8 (9.5) 1/2 (JL2.7)
(212.1 tp 424.2)
Greater thap 300 to 600 3/8 (9.5) 1/2 (12.7) 1/2 (12.7)
(424.2 tp 848.4)
Greater than 600 to 3000 3/4 (19.1)¢ 3/4 (19.1)¢ 3/4 (JL9.1)
(848.4 tq 4242.Q)

a For printed w
b For the purpo)

ring«boards, see Exception Nos. 2 — 4 in 24.1.1.
se\of this requirement, a metal piece attached to the enclosure is a part of the enclosure when de

formation of

the enclosure reduces spacings between the metal piece and uninsulated Tive parts.
¢ The spacing between field-wiring terminals of opposite polarity and the spacing between a field-wiring terminal and a
grounded dead metal part shall not be less than 1/4 inch (6.4 mm).

d At closed-in points only, such as a screw and washer construction of an insulated stud mounted in metal, a spacing of 3/64
inch (1.2 mm) is not prohibited.

Table'24.1'Continued on Next-Page
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Table 24.1 Continued

Minimum spacings, inch (mm)

Between any uninsulated
live part and the walls of a
metal enclosure including a

fitting for conduit or
armored cable P

Between any uninsulated live part and an uninsulated live
part of opposite polarity, uninsulated grounded part other

o than the enclosure, or exposed metal part 2
Potential involved, volts rms

(peak) Through air

Over surface Shortest distance

€ Between uninsulated high-voltage parts and the following:
1) Uni — f . . if )
2) Earth-grounded metal parts,
3) Uninsulated primary-circuit parts,
4) Inpulated primary-circuit parts,

5) Inpulated high-voltage parts of opposite polarity, or of different potentials.

Table 24.2
Spacings for units intended for use in a controlled environment

Minimum spacings, inch (mm)
Between any [uninsulated
live part and the walls of a
Between any uninsulated live’part and an uninsulated live metal enclosurg including a
part of opposite polarity, uninsulated grounded part other fitting for cpnduit or
than the enclesure, or exposed metal part 24 armored cable ¢
Through_air Over surface Shortest digtance
0-50(p-70.7) 3/64./1.2)° 3/64 (1.2)¢ 1/16 [1.6)¢
Greater than 50 to 150 (70.7 1/16 (1.6)°® 1/16 (1.6)¢¢ 1/4 (6.4)
to 212.1)
Greater thaf 150 to 300 3/32 (2.4)%e 3/32 (2.4)df 1/2 ([12.7)
(212.1 tp 424.2)
Greater tha 300\td 600 3/8 (9.5) 1/2 (12.7) 1/2 (JL2.7)
(424.2 tb 848.4)
Greater than 600 to 3000 3/4 (19.1)f 3/4 (19.2)f 3/4 (19.1)
(848.4 to 4242.0)

@ For printed wiring boards, see Exception Nos. 2 — 4 in 24.1.1.

b For the purpose of this requirement, a metal piece attached to the enclosure is a part of the enclosure when deformation of
the enclosure reduces spacings between the metal piece and uninsulated live parts.

¢ The spacing between field-wiring terminals of opposite polarity and the spacing between a field-wiring terminal and a

grounded dead metal part shall not be less than 1/4 inch (6.4 mm).

Table'24.2'Continued on Next-Page
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Table 24.2 Continued
Minimum spacings, inch (mm)
Between any uninsulated
live part and the walls of a
Between any uninsulated live part and an uninsulated live metal enclosure including a

part of opposite polarity, uninsulated grounded part other
than the enclosure, or exposed metal part 24

fitting for c

armored cable 9

onduit or

Through air Over surface

Shortest distance

€ At closed-in g
inch (1.2 mm) i
f Between unin

4) In

5) In

uninsulated cof

d On printed wiring boards, their connectors and board-mounted electrical components, wired on the load side of line filters or
similar-voltage-peak-reduction networks or components or both, a minimum spacing of 0.023 inch (0.58 mm) plus 0.0002 inch
(0.005 mm) per volt peak shall be maintained over surface and through air between uninsulated live parts and any other

ductive part (live or dead) not of the same polarity.
oints only, such as a screw and washer construction of an insulated stud mounted in metal, @.sp3

5 not prohibited.

ulated high-voltage parts and the following:

hinsulated high-voltage parts of opposite polarity or different potentials,
rth-grounded metal parts,

hinsulated primary-circuit parts,

Sulated primary-circuit parts,

ulated high-voltage parts of opposite polarity, or of diffefent potentials.

cing of 3/64

24.1.2 With
between adjg
with the Stan
coating on p
board and un

24.1.3 Units
described in

Exception: A
required to c

24.1.4 Fora
and a metal 4

eference to Exception No. 2 to 24.1.%concerning conformal coatings, minimn
cent foils are based on voltage transieht and dielectric voltage-withstand tests i
Hard for Polymeric Materials — Use in Electrical Equipment Evaluation, UL 746G
inted-wiring boards is not insulation in lieu of spacings between a foil on a
insulated live metal parts.of opposite polarity or to dead metal parts.

investigated for use_in a controlled environment indicated in 24.1.1 shall b
58.2.19.

\ unit employing-a hermetically sealed enclosure, encapsulation, or conformal
bmply withhthis requirement.

unit mtended for use in a controlled environment, a spacing between an uninsu
nclosure or other accessible dead metal part is not prohibited from being less t

specified in tt

um spacings
h accordance
. A conformal
printed-wiring

e marked as

coating is not

ated live part
han the value

afourth cabbyman Af TAaWIA 24 9 and nnt Ince than tha yaliine cnanifind 1n tha oA

ond and third

oot CoTT T T U oioiC - = oo ot Ic oot - tic Voo c o SP e ome O thic—oSTt T

columns of Table 24.2, when the unit enclosure complies with the Mechanical Strength Tests for Metal
Enclosures, Section 59.

24.1.5 Where an uninsulated live part is not rigidly secured in position by means other than friction
between surfaces or where a movable dead metal part is in proximity to an uninsulated live part, the
construction shall be such that, for any position resulting from turning or other movement of the parts in
guestion, at least the minimum required spacings are maintained.
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24.1.6 With reference to 24.1.5, a properly applied lock washer is a method of rigidly securing a part.

24.1.7 Inherent spacings of the components specified in Exception No. 5 of 24.1.1 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.

24.1.8 With respect to judging spacings, an uninsulated live part is at opposite polarity to uninsulated live

parts in another circuit. Spacings are to be based on the highest of the circuit voltages.

24.1.9 Film-coated wire is an uninsulated live part in judging spacings.

24.1.10 Spa
The gage of
16.1.4.

24.1.11 Spal
metal that a
accordance |

24.1.12 Spa
metal that are
accordance |
are judged by

24.1.13 Spal

a) S
pote

b) B

The spacings
Section 45.

24.1.14 The
an instrumen
Dielectric Vol

Exception: A
Panel Board

FINgS at field-wiring terminals are to be measured with conductors installed in
these conductors is to be based on the rating of the circuit containing the-t

e capable of being grounded in service are not specified for] parts of LV
ith 2.27 nor in accessible signal circuits described in Accessible Signal Circuit

b capable of being grounded in service are not specified for parts of limited-eneg

vith 2.24. Spacings in these circuits exceeding 30/Volts rms (42.4 volts peak)
the Dielectric Voltage-Withstand Test, Section45.

Lings within the following circuits that are_nét/safety circuits are not specified:

bcondary circuits supplied by a transformer winding of less than 200 volt-ampe
tial of 60 volts or less; and

httery circuits at a potential oft 60 volts or less.

in these circuits shall\be judged on the basis of the Dielectric Voltage-Wi
compliance of spacings between live and dead metal parts connected to the en
t shall be détermined by conducting the dielectric voltage-withstand test des

tage-WithStand Test, Section 45.

\ meter'complying with the requirements in the Standard for Electrical Analog
Types, UL 1437 is not required to be subjected to a dielectric voltage-withstan

he terminals.
Prminals, see

Lings between uninsulated live parts of different potential and between such parts and dead

| E circuits in
5, Section 26.

Lings between uninsulated live parts of different potentialland between such parts and dead

rgy circuits in
br 60 volts dc

res or at a

thstand Test,

closure within
cribed in the

nstruments —
d test.
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24.2 Insulation barriers

24.2.1 An insulating liner or barrier of material such as vulcanized fiber is not prohibited from being
employed in lieu of required spacings specified in Exception No. 1 to 24.1.1 and shall not be the sole
support of uninsulated live parts involving a risk of fire, electric shock, or electrical-energy/high current.
When so used, it shall be not less than 0.028 inch (0.71 mm) thick and be so located that it is not
adversely affected by arcing. Other insulating materials used as a barrier or as either direct or indirect
support of uninsulated live parts involving a risk of fire, electric shock, or electrical-energy/high current
shall comply with the requirements in the Standard for Polymeric Materials — Use in Electrical Equipment
Evaluations, UL 746C.

Exception No. 1: Vulcanized fiber not less than 0.013 inch (0.33 mm) thick is not prohibited 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 erelosure, of an isolated
secohdary circuit rated 50 volts rms or less.

Exception Ng. 2: Mica not less than 0.006 inch (0.165 mm) is not prohibited from being used as insulation
between a heat sink and a live case of a semiconductor device.

24.2.2 Othenl than as indicated in 24.2.3, insulating tubing<tomplying with the requirements in the
Standard for [Extruded Insulating Tubing, UL 224 are not prohibited from being used as insilation of a:

a) Cpnductor including bus bars in lieu of the minimum spacings, and

b) Chpacitor case in lieu of bonding the case for grounding, when the following conditions are
met:

1) The conductor is not subjécted to compression, repeated flexure, or shgrp 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, gnd

4) The conductor or case is not subjected to a temperature or voltage higher than that
for Mthich the tubing is rated.

24.2.3 Insulgting, tlbing complying with UL 224 shall not be used as insulation over a bolted|joint of a bus
bar as providedmm22-278:

24.2.4 A wrap of thermoplastic tape, complying with the requirements in the Standard for Polyvinyl
Chloride, Polyethylene, and Rubber Insulating Tape, UL 510 is not prohibited from being used when all of
the following conditions are met:

a) The wrap is no less than 0.013 inch (0.33 mm) thick, is applied in two or more layers, and is
used in conjunction with no less than one-half the required through air spacing,

b) The wrap is no less than 0.028 inch (0.72 mm) thick when used in conjunction with less than
one-half the required through air spacing,
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c) Its temperature rating is no less than the maximum temperature observed during the
Temperature Test, Section 44,

d) The tape is not subject to compression,

e) The tape is not wrapped over a sharp edge, and

f) Th

25 Control C

e tape is not wrapped over a bolted bus bar joint (see 22.2.8).

ircuits

25.1 A LVLE circuit as described in 2.27 or a limited-energy circuit as described in 2.24 is not prohibited

from being cdnnecied 10 a single-point reference ground.

25.2 Except
and insulated
and 33.1.

25.3 Safety

25.4 A contr
extend out of]
as specified |

a) A
volta

b) A

Printed-wiring
for the applic

Exception:
includes an @

25.5 With ref
condition of |

as indicated in 25.3, a LVLE circuit is not required to be investigated. Printed-
wire used in such circuits shall be types that are required for the application
Lircuits shall be judged by the requirements for primary circuits.

| circuit, including associated electronic components on phinted-wiring boards,
the unit is not required to be investigated when the makimum voltage and currg

n (a) and (b):

control circuit is not required to comply wherxthe maximum voltage is as speq
pe limits of Table 9.1, and

control circuit is not required to compli'when the maximum voltage and curre
1) 8 amperes for 0 — 42.4 valts peak ac, or 0 — 30 volts dc, or
2) Amperes equal to 150-divided by the maximum voltage for 30 — 60 volts

boards, insulated wires, and motors used in such circuits shall be types thaf
ation. See 21.1, 22,13, and 33.1.

[he value of ‘surrent specified in (b) is not prohibited from being exceeded wh
vercurreat)protection device as described in 25.7 and 25.8.

wiring boards
. See 21.1.1,

that does not

nt are limited

ified in the

Nt is:

dc.

are required

en the circuit

erence to the current specified in 25.4(b), the maximum current is to be measu

1-minute peri
25.4(b).

ed under any

bading including short circuit using a resistor that is to be continuously readjusjed during the
Tt i ; indicated in

25.6 With reference to the voltage limit specified in 25.4(a), measurement is to be made with the unit
connected to the voltage specified in 43.2 and with all loading circuits disconnected. When a tapped
transformer winding is used to supply a full-wave rectifier, voltage measurement is to be made from either

end of the wi

nding to the tap.
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25.7 When the control circuit specified in 25.4 is not limited as to available short-circuit current 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 25.11) the circuits in which the current is
limited in accordance with 25.8, 25.9, or 25.10 are not required to be investigated.

25.8 A fuse or circuit-protective device provided in the control circuit used to limit the current in
accordance with 25.7 shall be rated or set at not more than the values specified in Table 25.1.

Table 25.1
Rating for secondary fuse or circuit protector

Circuit voltage (volts, rms)

Maximum overcurrent protection (amperes)

M

5
100/v@

20 or less
re than 20 and not greater than 60

2V is the maxi

num output voltage, regardless of load, with the primary energized in accordance with 43.2;

25.9 A fuse
transformer t
in 25.8 as de

25.10 Oneo
be such that
indicated in 2

25.11 When
and the pert
component

a) The environmental tests, and

b) C

2512 Inac

circuit protective device, or the regulating network, and all wiring up to the point at which th

voltage are li

b limit the current in accordance with 25.7 when the protection is equivalent to
termined by conducting the Overcurrent Protection CalibratiogTest, Section 5

or circuit protective device is not prohibited from being connected in the

more resistors or a regulating network used to limit the current in accordance
the current under any condition of load including sho¥t circuit does not exceq
5.4 (b)(1) or (2).

a regulating network is used to limit the voltage or current in accordance with

ormance is affected by malfunction, eithér short circuit or open circuit, (
excluding a resistor — the network shall comply with the following:

itical components shall be derated.
rcuit of the type described in 25.7, the secondary winding of the transforme

mited shall be judged under the applicable requirements in this standard.

primary of a
that specified
V.

vith 25.7 shall

ed the values

25.4 — 25.10,
f any single

r, the fuse or
e current and
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26 Accessible Signal Circuits

26.1 The requirements in 26.2 and 26.3 apply to accessible signal circuits having provision for external

connections s

uch as RS232 communication ports or similar devices.

26.2 A signal circuit that extends out of a unit shall be isolated from the alternating current input circuit by

any of the foll

owing:

a) An optical isolator having an isolation voltage rating of not less than the Dielectric Voltage-
Withstand test potential required in 45.4 and complying with the requirements in the Standard
for Optical Isolators, UL 1577,

b) A
Tran
Trans

c) An isolation transformer complying with the requirements in 27.1.

26.3 The m3
requirements

26.4 The maximum power available from an accessible signalCircuit that employs a
vice to limit the current as described in the Exception to 25.4 shall not exces

protection de
specified in T

 1solation transformer complying with the requirements In the Standard for Lo
sformers — Part 1: General Requirements, UL 5085-1 and the Standard forLe
sformers — Part 3: Class 2 and Class 3 Transformers, UL 5085-3, or

Xximum voltage and current available from an accessible signal,circuit shall co

in 25.4 — 25.11.

able 26.1.

Table 26
Maximum power of accessible signal circuits

v Voltage

v Voltage

mply with the

overcurrent
pd the values

Circuit voltage volts, rms Maximum power, volt-amperes

M

350
250

15 or less
re than 15 and not greater than 6Q

27 Transforn

27.1 Transfo
following Sta

a) S

Standlard for\Low Voltage Transformers — Part 3: Class 2 and Class 3 Transformer

5085

ers

hdards where applicable:

andard fort=ow Voltage Transformers — Part 1: General Requirements, UL 50

3,

rmers provided with the generator assembly shall be evaluated in accordg

nce with the

B5-1 and the
5, UL

b) S

andard for Transformers and Motor Transtformers for Use Iin Audio-, Radio-, a

Television-Type Appliances, UL 1411,

c) Standard for Specialty Transformers, UL 506, and

d) Standard for Dry-Type General Purpose and Power Transformers, UL 1561.

nd
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28 Separation of Circuits

28.1 Factory wiring

28.1.1 Insulated conductors of different circuits (see 28.1.2) within an engine 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 circuits, when each conductor is provided with insulation
intended for the highest of the circuit voltages, no barriers or segregation are required.

28.1.2 For the purpose of the requirement in 28.1.1, different circuits include those separated in Table

28.1.
Table 28.1
Circuit characteristics
Hazardous Voltage Circuits Non — hazardous Low Yoltage Circuits
Charactpristics Examples Characteristics Examplgs
> 30 V,s(Binusoidal) output power circuit < 30 Vs (sinusoidal) starter [pbattery
>42.4 V, (nop sinusoidal)- output/sense/monitor/control/ <42.4V, (non-sinusoidal) low voltage gide of output
feedback circuits (non- feedback cifcuits, when
sinusoidal) (or output side of isolation?| provided
these circuits, when isolation?
provided to low voltage
circuits)
>60 Vpc (if p10% ripple, supply voltage for AC/DC <60 Vpc low voltage sjde of AC/DC
composite voltage, subject to | starter battery charger, when starter battery [charger, when
42.2 \{, limit) provided provfded
Any circuit not|isolated from a | AC convenience receptacles, control/sigpal circuits
hazardous vpltage circuit, when provided accessible o the user/
regardless of working voltage operator, orlintended for
(e.g., a 5V cdntrol circuit is external ¢r remote
hazardous when referenced to connections fe.g., Class 2
a 240V output circuit: 5V Remote-Confrol, Signaling
across circuitl and 240V to Circuits — Artitle 725 of the
groyind) NHC)
engine ignition coil output
2 jsolation that neets applicabléxrequirements including construction, spacings, electrical strength, abnormal operation.
28.1.3 Segrggation ofynsulated conductors is to be accomplished by clamping, routing, or gn equivalent
means that |maintains permanent separation from insulated and uninsulated live pafts and from
conductors of a“different circuit.
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28.2 Separation barriers

28.2.1 A barrier used to provide separation between the wiring of different circuits shall be:

a) Grounded metal or insulating material complying with the requirements in Insulating

Mate

rials, Section 34, and no less than 0.028 inch (0.71 mm) thick, and

b) Supported so that it is not capable of being readily deformed so as to defeat its purpose.

28.2.2 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 1/16 inch (1.6 mm) from the
enclosure walls and interior mechanisms, component-mounted panels, and other parts that serve to

provide sepa
28.3 Field w

28.3.1 The
separated by
28.3.2 from:

a) F
circu

b) A
circu
level

c) Fi

28.3.2 Field
separated by

fated compartments.

ring

barriers as specified in 28.2.1 and 28.2.2 or be separated by‘segregation a|
hctory-installed conductors connected to any other circuit, unless the conducto
ts are insulated for the maximum voltage of either circUit,

N uninsulated live part of another circuit and from.an uninsulated live part whe
t with it results in a risk of fire, electric shocki<electrical energy involving high
b, Or injury to persons, and

Pld-installed conductors connected tosany other circuit unless:

1) Both circuits are Class 2 or Class 3, or

2) Both circuits are other-than Class 2 or Class 3, and both circuits are ing
the maximum voltage. of either circuit.

installed conductoers:and the live parts of different circuits as indicated in 28
a minimum of ¥+’inch (6.4 mm). When evaluating the separation requirem

installed con
more than a
wiring comp

uctors are_to.be wired as in service and each conductor shall have 6 incheg
erage care.is to be exercised in routing the wiring and stowing the conductor
rtment.(Thée field installed conductors are to be wired as follows:

hen,’éach opening is located opposite a set of terminals, it is to be assumed t

pquipment shall be constructed so that a field-installed conduetar of a cifcuit shall be

5 specified in

Is of both

e short
current

ulated for

.3.1, may be
ents the field
of slack. No
slack into the

b) When each opening is located other than the one opposite the terminal to which it is
intended to be connected the potential for it to contact insulated conductors or uninsulated

curre

nt-carrying parts connected to a different circuit is to be evaluated.
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29 Overcurrent Protection
29.1 General

29.1.1 An overcurrent protective device, the intended functioning of which requires renewal,
or resetting, shall be accessible:

a) From outside of the enclosure, or
b) Behind a cover (see 7.3.1).

29.1.2 With reference to the requirement in 29.1.1, a control-circuit fuse does not require r

replacement,

enewal as an

intended fundtion when the Tusé and the load are contained within the same enclosure.

29.1.3 The serew shell of a plug-type fuseholder and the contacts including associated.live
capable of bging contacted by the probe illustrated in Figure 8.1 of an extractor-type ‘fuseh
connected toward the load.

Exception: The screwshell shall not be connected toward the load when the screwshell is
with (c) of EXception No. 2 to 29.1.8.

29.1.4 A fusg¢ and a fuseholder shall have voltage and current ratings intended for the circuit
are connectef. A fuseholder shall be of the cartridge, plug, or extractor type. Plug fuses sha
in a circuit rafed more than 125 volts or 125/250 volts, 3-wire;

Exception:
Personnel, S|

Fuses intended to be replaced by only.(Service personnel (see Protectio
pction 39) are not prohibited from being bolted in place.

29.1.5 A plug-type fuseholder shall be of the Type S construction.

29.1.6 A cirquit breaker connected in the.@utput circuit shall open all ungrounded conducto
Exception:

single-pole ¢
single phase
involves a pd

(Vhen the generator has\provision for connection of a grounded neutral condug
rcuit breakers are net prohibited as the protection for each ungrounded condy
circuits or for egefisungrounded conductor of a 4-wire, 3-phase circuit, when
tential to ground jri excess of 150 volts.

29.1.7 A generator shall*be marked in accordance with 68.3.7 when it is provided wit
protection copsisting.of an interchangeable fuse and when the fuse is:

a) Agceessible to the user, or

parts that are
blder shall be

n accordance

in which they
| not be used

n of Service

I's.
tor, individual

ctor of 3-wire
no conductor

N overcurrent

b) Used to comply with the requirements in this standard.

29.1.8 An overcurrent protective device shall not be connected in the grounded (neutral) side of the line.

Exception No. 1: Additional overcurrent protection provided in the grounded side of the supply circuit is
not prohibited when the protective device simultaneously disconnects the grounded and ungrounded

conductors of the supply circuit.

Exception No. 2: A unit that incorporates a single-pole overcurrent protective device connected in the

grounded (neutral) side of the line is not prohibited when:
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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

cond

uctor,

b) The screw shell of a plug fuseholder and the accessible contact of an extractor fuseholder
located in the grounded circuit conductor is connected toward the grounded supply line, and

¢) The unit is marked in accordance with 68.3.12.

29.1.9 Temperature or current-sensitive devices such as temperature limiting thermostats, thermal
cutoffs, appliance protectors, fuses, circuit breakers, or similar devices that comply with the Abnormal

Tests, Sectio

n 54, shall comply with the requirements for such devices.

29.1.10 Ove
described in
Breakers, Md
a) C
b) O

Exception Nd
circuit or opé

Exception N
protection de
comply.

29.2 Control

29.2.1 A con

current protection employing solid state component circuitry used for proteet
(@) — (b) shall comply with the requirements in the Standard for Melded
Ided-Case Switches and Circuit-Breaker Enclosures, UL 489.

bntrol circuits per 29.2.1 — 29.2.7.

tput alternating current power circuits per 29.3.1 — 29.3.3.

. 1: Overcurrent protection whose performance is not-atfected by malfunction, 6
n circuit, of any single component is not required 4o eomply.

. 2: A solid state overcurrent protection cifeuit provided in addition to othg
vices such as a fuse or circuit breaker thatds intended for the application is n
circuits

trol circuit that extends from-the generator to a remote control panel, status pa|

device shall Ipe protected in accordance.with 29.2.2 — 29.3.3 to reduce the risk of fire and

that results fi
29.2.2 The o
a) In

b) A

om overload and short cir¢uit conditions.
vercurrent protective device specified in 29.2.1 shall be a circuit breaker or fuse
tended for branch circuit use, or

supplementary type.

When the prq

on of circuits
Case Circuit

ither by short

r overcurrent

pt required to

hel, or similar

plectric shock

that is either:

e with 68.3.7.

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

29.2.3 A Class 1 power-limited circuit, in accordance with the National Electrical Code, NFPA 70, used to
supply an external control circuit shall be supplied from a source having a rated output of no more than
30 volts and 1000 volt-amperes. When the source is other than a transformer, the circuit shall be
protected by an overcurrent protection device rated no more than 167 percent of the volt-ampere rating
divided by the rated voltage. The overcurrent device shall not be interchangeable with overcurrent devices
of higher ratings.
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29.2.4 An external control circuit derived from a Class 2 transformer described in 2.10 is not required to
be provided with overcurrent protection specified in 29.2.1.

29.2.5 An external control circuit derived from the secondary of a transformer other than that described
in 29.2.3 and 29.2.4 shall be provided with overcurrent protection in accordance with 29.2.6 and 29.2.7.
For transformers not having a rating, the rated primary or secondary current specified in 29.2.6 and 29.2.7
is to consist of the maximum current during normal operation of the unit.

29.2.6 Except as described in 29.2.7, a transformer used to supply a control circuit shall be provided with
overcurrent protection in the primary circuit rated as indicated in Table 29.1.

Exception: When the rated primary current of the transformer is 9 amperes or more and 125 percent of

this current d
rating of prof
specified in A

ective device is not prohibited from being used. Standard ratings of protectiv
rticle 240-6 of the National Electrical Code, NFPA 70.

Table 29.1
Primary overcurrent protection for control circuit transformers

0es not correspond to a standard rating of fuse or circuit breaker, the next hiygher standard

P devices are

Maximum rating of overcurrent device, perg¢ent of
Rated primary current, amperes trangformer primary current rating
Less than 2 300
2 or more, less than 9 167
9 or more 125
29.2.7 When a control circuit is derived from the secondary of a transformer that is provided with primary

circuit overct
transformer,
circuit is prot

Exception N(
percent of th
standard rati
ratings of prd

Exception N
overcurrent [
rated second

rrent protection rated at no more than 250 percent of the rated primary d
additional overcurrent protection is. mot' required in the primary circuit when t
bcted at no more than 125 percent-of the rated secondary current of the transt

. 1: When the rated secondary current of the transformer is 9 amperes or 1
s current does not correspoiid to a standard rating of fuse or circuit breaker, th
g of protective device is-not prohibited from being used in the secondary cir(
tective devices are.specified in Article 240-6 of the National Electrical Code, N

p. 2: When the_rated secondary current of the transformer is less than 9
rotection insthie secondary circuit shall be rated or set at no more than 167 [
ary curreht.

urrent of the
ne secondary
ormer.

nore and 125
e next higher
tuit. Standard
FPA 70.

amperes, the
vercent of the
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29.3 Output alternating current power circuits

29.3.1 An output circuit shall be provided with overcurrent protection for all ungrounded conductors as
described in 29.3.3. The voltage rating of the overcurrent protection shall not be less than the rating of the
circuit with which it is used. The overcurrent protection device shall be a circuit breaker, fuse or equivalent
means intended for use as branch circuit protection and located within 25 feet (7.62 meters) of the
generator output terminals.

Exception: The overcurrent protection is not required to be provided with the generator when the
installation instructions specify the required overcurrent protection for the output power circuit.

29.3.2 The voltage rating specified in 29.3.1 for a 3-phase circuit shall be based on the phase-to-phase
voltage.

29.3.3 The rating of the overcurrent protection shall not exceed the ampacity of the,cendudtors intended
to be connected to the generator as determined in accordance with 16.1.4.

30 Air Filterd

30.1 Air filterfs for use in cooling systems shall comply with the requirements in the Standarg for Air Filter
Units, UL 900, or shall be constructed of materials classed V-2 or HF€2 or less flammable ip accordance
with the Standard for Tests for Flammability of Plastic Materials ferdParts in Devices and Appliances, UL
94.

Exception N@. 1: This requirement does not apply to air<filters in closed systems. A cloged system is
defined as that which, although not required to be aijrttight, is not intended to be ventel outside the
enclosure.

Exception N¢. 2: This requirement does not apply to air filters located external to the dnclosure and
constructed @f materials classed HB or HBF, o5 less flammable.

[

31 Capacitor

31.1 Capacitors used in the construction of the generator shall comply with the requirements in Section
31 of the Stapdard for Uninterruptible Power Systems, UL 1778.
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32 Resistors

32.1 The assembly of a power resistor, such as a wire-wound type requiring a separate support shall be
reliable. The resistor shall be prevented from loosening or rotating by a means other than friction between
surfaces.

32.2 An assembly employing lock washers complies with the requirement in 32.1.

33 Printed-Wiring Boards

33.1 A printed-wiring board shall comply with the requirements in the Standard for Printed-Wiring Boards,

UL 796, and shall be classed V-0, V-1, or V-2 in accordance with the requirements in the Standard for
Tests for Flajnmability of Plasiic Materials for Parts in Devices and Appliances, UL 94.

Exception: A printed-wiring board located outside an enclosure, such as in an externakoontfol circuit, and
located in a LVLE circuit or a limited-energy circuit is not required to be classed as.ninimun V-2.

33.2 A resisfor, capacitor, inductor, or other part that is mounted on a printed-wiring board to form a
printed-wirind assembly shall be secured so that it is not capable of displacing and resultinng in a risk of
electric shock or fire by a force that is exerted on it during assembly, intended operation, qr servicing of
the generatof set.

33.3 Consideration is to be given to a barrier or a partition that/is part of the unit assembly and that
provides meghanical protection and electrical insulation of aseomponent connected to the printed-wiring
board.

34 Insulating Materials

34.1 The geperator insulation system shall comply with the construction requirements contained in the
Standard for [Systems of Insulating Materials & General, UL 1446.

34.2 A material that is used for the direct\support of an uninsulated live part shall comply with the Relative
Thermal Indgx (RTI), Hot Wire Ignition (HWI), High-Current Arc Resistance to Ignition (HAI), and
Comparative|Tracking Index (CTH), values indicated in Table 34.1. A material is in direct $upport of an
uninsulated live part when:

a) ltfis 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 Nq.-1\The generic materials complying with Table 34.2 are not prohibited for the firect support
of uninsulatedve parts without addtional evatuatiorT.

Exception No. 2: Those materials without HWI Performance Level Category (PLC) values or with HWI
PLC values higher (worse) than those required by Table 34.1 shall alternatively be subjected to the
end-product Abnormal Overload Test in accordance with the Standard for Polymeric Materials — Use in
Electrical Equipment Evaluations, UL 746C.

Exception No. 3: Those materials without HAI Performance Level Category (PLC) values or with HAI PLC
values higher (worse) than those required by Table 34.1 shall alternatively be subjected to the
end-product Special Arcing Test in accordance with the Standard for Polymeric Materials — Use in
Electrical Equipment Evaluations, UL 746C.
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Exception No. 4: Those materials that are used in devices that do not incorporate contacts are not
required to comply with the HAI Performance Level Category (PLC) requirements.

Exception No. 5: Those materials that are used in devices that incorporate contacts and are not used
within 1/2 inch (12.7 mm) of the contacts are not required to comply with the HAI Performance Level
Category (PLC) requirements.

Exception No. 6: Those materials without CTI Performance Level Category (PLC) values or with CTI PLC
values higher (worse) than the CTI required by Table 34.1 shall alternatively be subjected to the
end-product Special Arcing Test in accordance with the Standard for Polymeric Materials — Use in
Electrical Equipment Evaluations, UL 746C.

Exception Nd. 7 Those materials without CTT Performance Level Category (PLC) values or)with CTI PLC
values highey (worse) than the CTI required by Table 34.1 shall be in compliance with’|the CTI PLC
requirement when:

a) They have a High-Voltage-Arc Tracking (HVTR) PLC value of 1 or lower (better), or

b) The over surface spacings between the uninsulated live parts-ate at least 1/2 inch (12.7

mm),
Table 34.1
Minimun] material characteristics required for the direct sugpoft of uninsulated live parts
UL 94 RTI
Flame Clgss Elec HWIE HAIC cTId

HB b 2 1 4
V-2 b 2 2 4
V-1 b 3 2 4
V-0 b 4 3 4

a Standard for Tests for Flammability of Plastie ‘Materials for Parts in Devices and Appliances, UL 94.
b 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 matétial is being used and shall not be exceeded during the Temperature Test, Section 44.
¢ The HAI and HWI Performance Level Category (PLC) value of a material is to be determined by test in accorddnce with the
Standard for P¢lymeric Materials —"Short Term Property Evaluations, UL 746A. This material characteristic is degendent upon
the minimum tHickness at which*the material is being used.

d The CTI PLC|value of aniaterial is to be determined by test in accordance with UL 746A. This material characferistic is not
dependent upop the mihimUm thickness at which the material is being used.
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Table 34.2
Generic materials used for the direct support of uninsulated live parts
Generic material Thickness RTI, °C
Any cold-molded composition (i.e. concrete) No limit No limit
Ceramic, Porcelain, and Slate No limit No limit
Diallyl Phthalate 0.028 inch (0.71 mm) 105
Epoxy 0.028 inch (0.71 mm) 105
Melamine 0.028 inch (0.71 mm) 130
Melamine-Phenolic 0.028 inch (0.71 mm) 130
Phenolic 0.028 inch (0.71 mm) 150
Unfilled Nylon 0-028-eh—B0—+—+rr) 105
Unfilled Polycafbonate 0.028 inch (0.71 mm) 105
Urea Formaldehyde 0.028 inch (0.71 mm) 100
NOTE - Each naterial shall be used within its minimum thickness and its RTI value shall not be exceeded during the
Temperature Test, Section 44.
34.3 Insulating material — such as a relay dust cover, transformer bobhin, ihductor bobhin, insulating

sheet, encap
through air s

34.4 Vulcani
barriers, and

345 A sens

Sulation, or similar material that is used as a barrier in lieunof the required ov
bacings, or both, shall comply with the requirements in 34.6 — 34.11.

ved fiber is not prohibited from being used for insulating bushings, washers, se
shall not be used as sole support for uninsulated live parts.

insulation thgt has been evaluated for the maximum woltage and temperature involved in it

while taking i

34.6 Insulati
24.1.1.

34.7 The ins

hto consideration the presence of othercircuits.

ng material is not prohibited from-being used as a barrier in lieu of the required

Lilating material specified in'34.6 shall comply with the requirements in 34.8 w

a) The material is in direct physical contact with an uninsulated live part;

b) Tihe material serves to physically support, or maintain the relative position of the

live p

art; and

c) The material is used as a barrier in lieu of the required over surface or through

br surface, or

parators, and

pr such as a current transformer, transducer, or similar device shall be provided with

s application,

spacings per

nen:

uninsulated

bir spacings.

34.8 An insu

::n‘ing material used as noted in 34 6 shall:

a) Comply with 34.2; and

b) Be at least 0.028 inch (0.71 mm) thick.

Exception No. 1: A material that complies with 34.2 and does not comply with the thickness limit in (b)
shall alternatively be subjected to a 5000 V ac Dielectric Voltage Withstand Test in accordance with the
Internal Barrier requirements in the Standard for Polymeric Materials — Use in Electrical Equipment

Evaluations,

UL 746C.
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Exception No. 2: A material that complies with 33.1 and is used in addition to not less than one-half the
required through air spacings is not prohibited from being less than 0.028 inch (0.71 mm) thick, and shall
be at least 0.013 inch (0.33 mm) thick. This material shall:

a) Have the required mechanical strength when exposed or otherwise subjected to mechanical
damage;

b) Be held in place; and

c) Be located so that it is not adversely affected by operation of the equipment in service.

34.9 The two requirements noted in 34.8 are independent of each other. For example, even when a

material complies with 33.T at a thickness Iess than the 0.028 inch (0.7 mm) imit, then th
is required to|be provided at a thickness at least equal to this 0.028 inch (0.71 mm) limit\Or

allowed for by the Exceptions to 34.8.

34.10 Anin

a) The material is in direct physical contact with an uninsulated live part;

b) Tihe material does not serve to physically support or maintain the relative positia

uning

c) The material is used in lieu of the required over sutface, or through air spacings

lating material shall also comply with the requirements in 34.8 when:

ulated live part; and

I material still
t

a thickness

n of that

Exception: The generic insulating materials in Table 34.3 comply for this application withput additional
evaluation.
Table 34.3
Generic materials usedyas a barrier per 34.9 and 34.10
Gerjeric material @ Minimum thickness RTI, °C
Aramid Paper 0.010 inch (0.25 mm) 105
Cambric 0.028 inch (0.71 mm) 105
Electric Grade paper 0.028 inch (0.71 mm) 105
Epoxy 0.028 inch (0.71 mm) 105
Mica 0.006 inch (0.15 mm) 105
Mylar (PETP) 0.007 inch (0.18 mm) 105
RTV 0.028 inch (0.71 mm) 105
Silicone 0.028 inch (0.71 mm) 105
Treated Cloth 0.028 inch (071 mm) 105
Vulcanized Fiber 0.028 inch (0.71 mm) 105

a Each material shall be used within its minimum thickness and its RTI value shall not be exceeded during the Temperature
Tests, Section 44.

34.11 An insulating material shall also comply with the requirements in 34.8 when:

a) The material is not in direct physical contact with an uninsulated live part;

b) The material does not serve to physically support, or maintain the relative position of that
uninsulated live part; and
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c) The material is used in lieu of the required through air spacings.

Exception No. 1: The generic insulating materials in Table 34.3 comply for this application without
additional evaluation.

Exception No. 2: The Hot Wire Ignition (HWI), High — Current Arc Resistance to Ignition (HAI) and
Comparative Tracking Index (CTI) Performance Level Category (PLC) requirements do not apply for
materials that are located at least 1/32 inch (0.8 mm) from uninsulated live parts.

Exception No. 3: The Hot Wire Ignition (HWI), High — Current Arc Resistance to Ignition (HAI) and
Comparative Tracking Index (CTI) Performance Level Category (PLC) requirements and RTI
requirements do not apply for materials that are located at least 1/2 inch (12.7 mm) from uninsulated live

parts.

35 Adhesive
35.1 An adh
comply with

Equipment E

35.2 The red
nameplate, t

a) E
b) M
c) R
d) S
36 Battery H
36.1 Battery

accordance V|
Heating Appl

vJ

bsive that is relied upon to reduce a risk of fire, electric shock,-orlinjury to
he requirements for adhesives in the Standard for Polymeric ‘Material — Use
valuations, UL 746C.

uirement in 35.1 also applies to an adhesive used to seCure a conductive pa
at when loosened or dislodged:

nergize an accessible dead metal part,

ake a live part accessible,

pduce spacings below the minimum required values, or

nort-circuit live parts.

eaters and Miscellaneous Keaters

heaters and heating.appliances rated at 600 V or less for use in unclassifie

ith the National Electrical Code (NEC), NFPA 70, shall comply with the Standa
ances, UL 499!

persons shall
b in Electrical

t, including a

H locations in
rd for Electric
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37 Engine Starting Equipment

37.1 Generator assemblies shall be provided with starting equipment in accordance with NFPA 110,
Emergency and Standby Power Systems, Section 3-5.4.

37.2 When an automatic battery charger is provided in addition to the engine driven charger (NFPA 110,
Section 3-5.4.6) of the generator assembly, the charger shall comply with the Standard for Battery
Chargers for Charging Engine-Starter Batteries, UL 1236.

38 Battery

38.1 Battery compartment

38.1.1 When
with, or as part of, the engine generator assembly, it shall be secured in position to/preven
conducting n

38.1.2 The
enclosure in

38.1.3 Thers

(switches, re

38.1.4 The i

corrosion by

38.2 Isolatio

38.2.1 Agen

voltage — or |

battery circuif.

39 Protectio

a separate lead-acid storage battery is intended to be placed in a compartn
aterials in the area and be readily accessible for servicing.

entilation shall be provided by construction of the engine generator ass
he manufacturer’s installation instructions (See 69.2.1).

shall be no sparking or arc producing devices located) within the battery

lays, or similar devices).

hterior of a metal compartment housing a lead-acid battery shall be protg

I

erator having an integral battery charging circuit rated 60 volts, dc — maximum r
bss shall incorporate isolation as specified in Section 27 between the input ac d

of Service Personnel

39.1 The requirements in this~section apply only with regard to service personnel who fi
reach over, under, across, ar around uninsulated electrical parts or moving parts to make a
measurements while the_éngine generator is in operation. For requirements covering acces
parts for protection of users, refer to Protection of Users — Accessibility of Uninsulate

hent provided
t contact with

embly or the

Compartment,

bcted against

wo coats of acid resistant paint, two coats of @namel individually baked on, or thhe equivalent.

ectifier output
ircuit and the

nd they must
Hjustments or
sibility of live
0 Live Parts,

Film-Coated Wire, ahd)Moving Parts — and User Servicing, Section 8.

tric shock or

39.2 Live parts 'shall be so arranged and covers so located as to reduce the risk of ele
electrical en i i '

39.3 An uninsulated live part involving a risk of electric shock or electrical energy — high current levels
and a moving part that involves a risk of injury to persons shall be located, guarded, or enclosed so as to
reduce the risk of unintentional contact by service personnel adjusting or resetting controls, or similar
service, or performing mechanical service functions that are performed with the equipment energized,
such as lubricating a motor, adjusting the setting of a control with or without marked dial settings, resetting
a trip mechanism, or operating a manual switch.
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39.4 Live parts involving a risk of electric shock (See Table 9.1) or electrical energy — high current levels
— located on the back side of a door shall be either guarded or insulated to reduce the risk of unintentional
contact of the live parts by service personnel.

39.5 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.

39.6 For an adjustment that is to be made with a screwdriver or similar tool when the unit is energized,
39.5 requires that protection be provided so that inadvertent contact with adjacent uninsulated hazardous
live parts invplving a rnisk of eleciric shock IS reduced taking Into consideration that misalignment of the

tool with the
by:

a) Lo¢cation of the adjustment means away from uninsulated hazardous\live parts,

b) A

39.7 Alive h
electrical shqg
metal, shall 4
accordance |

Exception: 4
39.8 Moving
not involving
parts is minin

40 Inverters,

40.1 Engine

comply with fhe requirements in‘the Standard for Inverters, Converters, Controllers and In

System Equi

40.2 Engine
interactive o
Controllers a

djustment means results when an adjustment is attempted. This protectionishajl be provided

guard to reduce the risk of the tool from contacting uninsulated: live parts.

eat sink for a solid-state component, a live relay frame, @r similar device invo
ick or electrical energy — high current levels, which at€ capable of being mista
e guarded to reduce the risk of unintentional contact’by the serviceperson or
Vith 68.3.4.

\ heat sink mounted on a printed wiring board is not required to comply.

parts that result in injury to persons-and that must be in motion during servi
the moving parts shall be located .orprotected so that unintentional contact wi
nized.

Converters, Controllers ahd-Interconnection System Equipment for Generator|
generators and micreturbines that include inverters or converters in their pows
pment for Use With' Distributed Energy Resources, UL 1741.
generatafs—-and microturbines with their associated control systems intendg

perations )shall comply with the requirements in the Standard for Inverters
nd Interconnection System Equipment for Use With Distributed Energy Resour

ving a risk of
\ken for dead
be marked in

Ce operations
h the moving

r output shall
terconnection

ed for utility
Converters,
es, UL 1741.
pvaluated for

Engine gend

rators and microturbines with their associated control systems that are ¢

complete utili

Exception:

yimteractive operations shattbe markedmaccordarnce wittT 68-3716:

When engine generators and microturbines are provided with control systems that include

features intended to support operation in parallel with the utility grid and these features have not been
evaluated for compliance with specific utility interconnection protection standards or requirements, the
engine generator or microturbines shall be marked in accordance with 68.3.17 and the instructions
specified in 69.1.6.
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MECHANICAL SYSTEMS

CONSTRUCTION

41 Fuel Systems

41.1 Gasolin

e or diesel

41.1.1 General

41.1.1.1 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 51.
41.1.2 Tankg

41.1.2.1 Fue
with NFPA 3

41.1.2.2 Fitti
addition to sd

41.1.2.3 Wh
facilities for f
exhaust-systé

41.1.2.4 A fl
or its fittings.
accordance ||

41.1.2.5 Extg
metal. Failur
pumps shall
558.

41.1.2.6 An

shutoff shall he a part of the earburetor, fuel pump, or similar device, or be a separate fuel so

valve, and s
carburetor or

and fuel pumps

tanks provided as part of the engine generator assembly shall be canstructed i
f, Chapter 6.

ngs and fill pipe, where soldered or bonded, shall be mechanically secured f{
Idering or bonding.

bn a tank is within or contiguous to the engine/coempartment the tank loca
lling shall be such that spillage or leakage draifis, to the ground and not onto
bm parts. Spillage tests shall be conducted when required to determine compli

el tank and fill fitting shall be so located“as to reduce the possibility of damag
The fill fitting and exhaust terminus_shall be at least 3 feet (0.9 m) apart whg
Vith the manufacturer’s instructions:

brnal fuel-confining parts of -an €lectrically or mechanically operated fuel pun
p of operating parts shall«not result in external leakage of fuel. Electrically-
comply with the Standard for Industrial Trucks, Internal Combustion Engine-

automatically aperated positive shutoff shall be incorporated in the fuel line.

nall prevent-fuel at 3 pounds per square inch (psi) (20.7 kPa) or less from
similar device and spilling into the compartment when the engine generator is

n accordance

o0 the tank in

ition and the
the engine or
ance.

e to the tank
n installed in

p shall be of
bperated fuel
Powered, UL

This positive
lenoid shutoff
flooding the
not operating.
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41.1.3 Fuel lines and fittings

41.1.3.1 Fuel lines shall be of annealed seamless drawn aluminum or steel tubing. Flexible tubing or hose
shall be used only where required to absorb vibration.

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

41.1.3.3 Flexible tubing or hose shall comply with the Standard for Fuel and Oil Hose, ANSI/SAE J30,
and be Types SAE J30 R6, SAE J30 R7, or SAE J30 R9. Tubing and hose shall not pull off fittings or fail
when subjected to a 20 pound-force (89 N) 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 fugl. Hose shall
be subjected|to 70 hours at 100°C (212°F) aging and 48 hours of 0.125 inch amplitude vibration at 17 Hz
before the pJll test.

Exception: [Flexible tubing or hose for use with higher pressure diesel fuel injected engings shall be of
the type indigated in Table 41.0 which have been found to comply with the réguirements in|the Standard
identified .

Table 41.0
Types of Flexible Tubing or Hosg

Identification Standard
“SAE J517 1POR1 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 100RY/EN 853-1SN” Standard for Hydraulic Hose, SAE J517
“DIN|73379” Standard for"Road Vehicles — Fuel Hoses, DIN 73379-1

“ISO 19013-1" RUbber Hoses and Tubing for Fuel Circuits for Internal Combustion 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

41.1.3.4 Fuel-linevtubing fittings shall be of the type conforming to the Standard for Aut¢motive Tube
Fittings, AN&HSAH%@FM—S&W%%%@@WM—%@—HM—GIWH Tubes,

ANSI/ASME B16.26, or the equivalent.

Exception: Pressed-in fittings are not prohibited from being used on gravity feed systems.

41.1.3.5 A body or fitting provided with tapered threads shall be threaded in accordance with the
Standard for General Purpose Pipe Threads (Inch), ANSI/ASME B1.20.1.
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41.1.3.6 Fuel-line hose fittings shall be of the non-adjustable spring clamp or crimp-on type fittings
complying with Dry Seal Pipe Threads, SAE J476 and Automotive Tube Fittings, SAE J512.

41.1.3.7 External fuel-confining parts of a filter, except a gasket or seal, shall be of metal. Glass filter
bowls are not prohibited when they are located within a compartment in which the system is installed.

41.1.3.8 Fuel lines shall be supported to minimize chafing and to maintain at least a 2 inch (51 mm)
clearance from bare exhaust components. Electrical wiring shall not be tied to fuel lines and shall be
routed so that it maintains 1/2 inch (12.7 mm) clearance from fuel lines.

41.1.3.9 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.

41.1.4 Nonm

41141 As
change or 103

etallic parts

nthetic-rubber part, in contact with gasoline or diesel fuel shall not show exce

Table 41.1
Test liquids for nonmetallic materials

ssive volume

s of weight when evaluated on the basis of its intended function, following imnpersion for 70
hours in the fest liquid specified in Table 41.1.

Liquid in contact with part Test liquid
Gasoline ASTM Reference Fuels A and C
Diesel IRM 903 Qil

41142 Ac
loss (extracti

41.1.43 A p
evidence of
and a tempe

41.1.5 Corro

41.1.5.1 Wh
be provided

hange in volume of not more than 25 pereent swelling or 1 percent shrinkage,
bn) of not more than 10 percent is cofisidered as indicating compliance with 41

art made of synthetic rubber wihich is affected by aging shall not crack or
eterioration following exposufe for 96 hours to oxygen at a pressure of 300 p
ature of 70°C (158°F).

sion resistance

bre corrosion of a ferrous part interferes with the proper functioning of a part,
vith a corrosion-resistant protective coating.

and a weight
.1.4.1.

show visible
5i (2.07 MPa)

the part shall
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41.1.6 Carburetors

41.1.6.1 Where a side or updraft carburetor is used, it shall be located so that overflow of gasoline due
to excess choking flows to ground and does not contact electrical parts and exhaust system, or collect in
an engine compartment. Nonmetallic drain hose, when used, shall comply with the fuel resistance, olil
resistance, and dry-heat resistance tests of the Standard for Fuel and Oil Hose, ANSI/SAE J30.

41.1.6.2 A downdraft carburetor, when mounted over an engine and having an external float bowl vent
opening, shall have a vent overflow tube to direct fuel away from the engine in case of fuel overflow.

41.1.6.3 A backfire deflector shall be provided on each combustion air intake and, whether separate or a
part of an air cleaner, shall conform with the requirements of Backfire-Deflector Test, Section 49.

Exception: This test is not required for diesel fueled generator assemblies.
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41.2 Liquefied petroleum gas
41.2.1 General

41.2.1.1 Where an LP-Gas fuel system is provided as part of the generator set it shall include the
complete fuel system installed at the factory, except as indicated in 41.2.1.2 and 41.2.1.3.

41.2.1.2 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.

41.2.1.3 A generator assembly arranged for LP-Gas fuel and intended for use with a remotely mounted

tank not prov
apply to gene

41.2.1.4 Norn

41.2.15 A b
Standard for

41.2.1.6 Vap
pressure sha
MPa).

41.2.1.7 Allf
vibration.

41.2.2 Contg

41.2.2.1 Af

a) The ASME Boiler and Pressuré Vessel Code, Section VIII or

b) Tie Specifications of the ‘Department of Transportation (DOT) CFR Title 49, Pa

LP-G

41.2.2.2 Afl

41.2.2.3 An
2.36 or 2.60

ded or part of the generator IS not prohibited. Paragraphs concerning fuel con
rator sets units of this type.

ductile (regular gray iron) cast iron shall not be used for LP-Gas confining par

ody or fitting provided with tapered threads shall be threaded'in accorda
General Purpose Pipe Threads (Inch), ANSI/ASME B1.20.1.

orizers, regulators, valves, filters, and other fuel-system )components subjec
| be of a type designed for use with LP-Gas at a workig pressure not less than

Liel-system components shall be secured to the-unit to minimize the risk of loo

iners

el container shall be a pressure(vessel constructed, tested, and marked in acc

as Containers.

N\SME.fuel container shall have a designed working pressure of 312, 343, or
MPa)~lt shall be marked with the ASME "U" symbol and the design working p

ainers do not

[S.

hce with the

to container
250 psi (1.75

5ening due to

prdance with:

t 178 for

el container is not prohibited from being fixed to or removable from the generator set.

75 psi (2.15,
ressure.

41224 A

T foetcomtamer shatt-beconstructed; tested,and markedfor & o Ser

ice pressure

of 240 psi (1.65 MPa). It shall bear the marking DOT-4B240, DOT-4BA240, DOT-4BW240, or
DOT-4E240.

41.2.2.5 A fuel container shall be located so as to reduce the risk of damage to the container or its fittings.
The fittings of a removable container shall be protected to minimize the possibility of damage during
removal, filling, and replacement.
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41.2.2.6 A fuel container shall be secured in place.

41.2.2.7 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.

41.2.2.8 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.

41.2.2.9 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 41.2.2.8.

41.2.2.10 Welding, when required shall be made only on saddle plates, lugs, or brackets originally

attached to tifie Tuel container by the manufacturer.

41.2.2.11 A

uel container from which vapor only is to be withdrawn shall be installed \and ¢

connections arranged to minimize the accidental withdrawal of liquid.

41.2.2.12 A
and exhaust

41.2.2.13 A

uel container shall be shielded, when required against direct heat radiation fro
system. See Table 44.2.

removable-type container shall have the protection, means for the fittings

attached to the container.

41.2.2.14 An
container.

412215 T
hand-operatg

41.2.2.16 A
check valve i

41.2.2.17 An
vapor fuel su

41.2.2.18 An
an opening 1
connections 1

e filling connection shall be fitted with a double back-pressure check
d shutoff valve and a back-pressure check valve.

femovable container employing @ hand-operated shutoff valve with an interng
5 not prohibited.

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

automatic exgeéss’flow check valve shall be provided in each container conn
or the flow_of -gas in excess of a No. 54 drill size, 0.055 inch (1.4 mm);
or filling and safety relief valves.

bquipped with

m the engine

permanently

excess-flow and a back-pressure check valveyxwhen required, shall be locafed inside the

valve, or a

| excess-flow

pach liquid or

pction having
except those
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41.2.3 Gauges

41.2.3.1 A variable liquid-level gauge (such as a slip-tube or rotary type) which requires venting of fuel to
the atmosphere shall not be used on a fuel container.

41.2.3.2 A fixed-tube gauge shall be employed on the fuel container, except as indicated in 41.2.3.3.

41.2.3.3 A removable container filled by weight only is not required to employ a fixed-tube gauge.

41.2.3.4 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 h

prizontal or vertical position.

41.2.3.5 ASNE containers shall have, permanently attached to the container, adjacentto the fixed liquid

level gauge,
gauge.

41.2.3.6 Eac
liquid level ga
gauge or on

a) C
follow
cente
level
mark|

b) P
be m|

41.2.3.7 An

br on the container nameplate, markings showing the percentage fullithat is ing

h container, whether constructed to ASME or DOT specifications, equipped
Luge for which the tube is not welded in place shall be permanently marked adj
he container nameplate as follows:

bntainers designed to be filled in one position shalhbe marked with the letters

r of the container boss or coupling into whichthe gauge is installed to the ma
The exterior of the removable dip tube galging device shall bear a correspor

ng.

prtable universal type containers thatare filled in either vertical or horizontal p
arked as follows:

1) For Vertical Filling <-With the letters "VDT" followed by the vertical distd
nearest 1/10 inch), measured from the top center of the container boss or
which the gauge is installed to the maximum required filling level.

2) For Horizontal Filling — With the letters "HDT" followed by the vertical di
the neargst tenth inch), measured from the center line of the container bos
openin@.into which the gauge is installed to the inside top of the container
horizontal position.

bnventing, indicating-type liquid-level gauge (such as magnetic type) shall bg

icated by the

with a fixed
acent to such

IDT"

ed by the vertical distance (to the nearest 1/10.nch (2.5 mm)) measured fronp the top

ximum filling
ding "DT"

psition shall

nce (to the
oupling into

stance (to
5 or coupling
ivhen in the

provided on

each contain

crl.
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41.2.4 Fuel lines and fittings

41.2.4.1 All piping from a fuel container to the first-stage regulator shall be iron, steel (black), brass, or
copper pipe; seamless copper or steel tubing; flexible LP-Gas hose; or other equivalent piping means.

41.2.4.2 Steel tubing shall have a minimum wall thickness of 0.049 inch (1.2 mm) and shall have a
corrosion-resistant exterior coating. Paint is a corrosion-resistant coating for this matter. Copper tubing
shall have a minimum wall thickness of 0.032 inch (0.81 mm) and shall be annealed. Aluminum piping or
tubing shall not be used.

41.2.4.3 A length of flexible hose of a type designated for use with LP-Gas shall be employed between
a removable container and any fixed fuel-system parts, and between any high-pressure parts on the frame

and parts wh
41.2.4.4 Tub
41.2.4.5 Hos
41.2.4.6 Cas

41.2.4.7 Fueg
clearance fra
routed so thd

41.2.4.8 Fle
by use of cla

41.2.4.9 Ally
joint sealing ¢
with associat
while the sys

41.2.4.10 Th
separately us

41.2.4.11 Nd
Change and
Section 66C,

ch are mounted on the engine.
ng fittings shall be of a type designed for use with LP-Gas.
e fittings shall be of a type for use with the LP-Gas hose employed.
t fittings shall not be employed for either piping or tubing.
lines shall be supported to reduce chafing and to, maintain at least a 2-
m bare exhaust components. Electrical wiring shallrot be tied to fuel lines
t it does not inadvertently contact fuel lines.
ible hose passing through sheet metal shall bé-installed to minimize hose abra

mps and grommets.

ompound designed for use with LPsGas. All fuel-system connections, including
bd valves and fittings, shall be tested for leaks with a soap and water solution
fem is under LP-Gas pressure_of not less than 90 psi (621 kPa).

e fuel container and aSsociated valves and fittings are not prohibited from
ing air pressure of ngt less than 90 psi (621 kPa).

nmetallic low pressure propane flexible hoses and fittings shall be subjected t
Extraction Test, Section 66A, the Vibration Test, Section 66B, Aerostatic L
and the Hydrostatic Strength Test, Section 66D.

nch (51-mm)
and shall be

sion, such as

ipe threaded fuel system fittings, including container fittings, shall be assembledl using a pipe

the container
or equivalent

being tested

D the Volume
pakage Test,
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41.2.5 Vapor

izers

41.2.5.1 Each vaporizer shall have a valve or plug which can completely drain the vaporizer in the section
occupied by the water or other heating medium. Where the engine cooling system drain is so located that
it is able to serve as a vaporizer drain, a separate vaporizer drain valve or plug is not required.

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

41.2.5.3 Engine exhaust gases shall not be used as a direct means of heat supply for the vaporization of
fuel unless the materials used for parts of the vaporizer in contact with the exhaust gases are resistant to
the corrosion action of exhaust gases and the vaporizer system is designed to prevent excessive

pressure.
41.2.5.4 Vap
41.2.6 Safety

41.26.1 As

capacity, as gletailed in 41.2.6.2 — 41.2.6.7, shall be provided on the fuel*eontainer.

41.2.6.2 A sdafety relief valve to be used on an ASME container shall be set, sealed, and n
prge pressure not higher than the marked design working pressure of the container, and not

start-to-disch
less than 88

41.2.6.3 A s@fety relief valve on an ASME container shall be marked with its discharge caf

feet (cubic m
flow capacity

orizers shall not be equipped with fusible plugs.
control and relief devices

bring loaded internal-type safety relief valve with proper statt-to-discharge se

percent of the marked design working pressure-of the container.
eters) per minute of air in accordance with Table 41.2 which relates the minir
to the outside surface area of the container.

Table 41.2
Safety relief valve capacity

ting and flow

harked with a

acity in cubic
num required

Container surface area, Minimum flow rate of air

Squarg feet Sguare meters CFM M Ym
20 of less 1.86 626 17173

25 2.32 751 21127

30 2.79 872 24169

35 3.25 990 28|03

40 3.72 1100 3115

41.2.6.4 A satetyreliefvalve-enabDOTcontainershal-be-setforastart-to-diseharge-presstire of 375 psi

(2.60 MPa) and shall comply with the DOT regulations.

41.2.6.5 A safety relief valve shall have direct communication with the vapor space of the container.

41.2.6.6 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.
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41.2.6.7 When a discharge line from the container safety relief device is used, it shall be of metal (other
than aluminum) sized, and located so as not to restrict the required flow of gas from the safety relief
device. Such a discharge line shall be so constructed and installed as to reduce the risk of its being
dislodged by the discharge from the safety relief device and shall be directed upward within 45 degrees
of the vertical.

41.2.6.8 An automatic shutoff valve shall be provided in the fuel system at some point ahead of the inlet
of the first-stage regulator, designed to prevent flow of fuel when the ignition is off and the engine not
running or when the engine stops. This device shall permit the back flow of fuel from the vaporizer in the
event of a pressure build-up in the vaporizer. The device shall be of a type designed for use with LP-Gas

at a working pressure of not less than 250 psig (1.72 MPa).

41.2.6.9 An
automatic sh
the intended

41.2.6.10 A
automatic sh
higher than

arranged to

41.2.6.11 Al
the passage

41.2.7 Nonn

41.2.7.1 A s)
of weight, wi
hexane at 23

41272 Ac
loss (extracti

41273 A p
evidence of d
and a tempe

hutomatic switch, such as an oll-pressure switch or vacuum switch, provided
Itoff valve shall be rated for the load controlled and shall be of a type whieh S
use.

hydrostatic relief valve shall be installed between the container)shutoff v
Litoff valve of a liquid withdrawal system. The relief valve shall be set to dis
00 psig (3.45 MPa) nor lower than 400 psig (2.76 MPa)«The valve disch
ent outside of the system enclosure.

tomatic pressure-reducing equipment incorporating,amn automatic shutoff mea|
pf fuel when the engine is not running shall be emploeyed.

etallic parts

/nthetic-rubber part in contact with LP-Gas' shall not show excessive volume ¢
hen evaluated on the basis of its intended function, following immersion fo
.0 +2.0°C.

nange in volume of not more than 25 percent swelling or 1 percent shrinkage,
bn) of not more than 10 péreént indicates compliance with 41.2.7.1.

art made of synthetic rubber which is affected by aging shall not crack or
eterioration following exposure for 96 hours to oxygen at a pressure of 300 ps
ature of 70°C (158°F).

o control the
designed for

alve and the
charge at not
hrge shall be

ns to prevent

hange or loss

70 hours in

and a weight

show visible
g (2.07 MPa)
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41.2.8 Corro

sion resistance

41.2.8.1 When corrosion of a ferrous part interferes with the proper function of a part, the part shall be
provided with a corrosion-resistant protective coating. When the corrosion resistance properties of the
metal are not known, a sample shall be subjected to the salt-spray test described in Section 52.

Exception: A part made of stainless steel is not required to be tested.

41.2.8.2 A part made of drawn brass or machined from brass rod shall withstand, without cracking, the
10-Day Moist Ammonia Air Stress Cracking Test, Section 51 for copper and copper alloys.

41.3 Natural
41.3.1 Gene

41.3.1.1 Ste
with the Stan

41.3.1.2 Tap
taper pipe t
ANSI/ASME

gas

al

| pipe (black) employed as gas conduit on an engine generator shathcomply
dard for Welded and Seamless Wrought Steel Pipe, ANSI/ASMEB36.10M.

ped holes for gas valves, pilots or other branch supply linesshall carry not le
nreads in accordance with the Standard for Pipe Threads, General Pu
B1.20.1.

41.3.1.3 Formed supply piping shall have all bends smoothly made without any appreciabl

the cross-se
annealed wh
loose particlg

41.3.1.4 End

41.3.1.5 Coq
be internally

41.3.1.6 To
connected to

41.3.1.7 The
caused by se
are located s
the connecto

41.3.1.8 Non

Ctional area, shall reveal no imperfections oceasioned by the forming proc
bre required to remove internal stresses, and<shall be thoroughly cleaned insi
S.

s of piping and tubing shall be carefully*reamed to remove obstructions and b

per tubing or tubing with internahcopper surfaces, when used for conveying f
inned or equivalently treated to tesist sulphur corrosion.

brotect against the effects of normal vibration in service, gas engines shall
the gas supply piping.

use of integral"metallic and nonmetallic flexible connectors for protection ag
ttlement, vibration, expansion, contraction or corrosion complies. When flexib
0 that theylare exposed to a fire of short duration the approval shall considej
[ to stand)up under such conditions.

ferrods tubing employed as gas conduit shall have a wall thickness in accordan

Himensionally

ss than 3-1/2
pose (Inch),

e reduction in
pss, shall be
de to remove

UIrs.

uel gas, shall

hot be rigidly

hinst damage
e connectors
the ability of

ce with Table

41.3.

41.3.1.8.1 Nonmetallic low pressure natural gas flexible hoses and fittings shall be subjected to the
Volume Change and Extraction Test, Section 66A, the Vibration Test, Section 66B, Aerostatic Leakage

Test, Section

66C, and the Hydrostatic Strength Test, Section 66D.
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Table 41.3
Minimum wall thicknesses for nonferrous tubing
Outside diameter Minimum wall thickness
Inch (mm) Inch (mm)
1/8 (3.2) 0.020 (0.51)
3/16 (4.8) 0.025 (0.64)
1/4 (6.4) 0.029 (0.74)
5/16 (7.9) 0.029 (0.74)
3/8 (9.5) 0.032 (0.81)
7/16 (11.1) 0.032 (0.81)
1/2 (12.7) 0.038 (0.97)
a6 (14.3) 0.038 (0.97)
58 (15.9) 0.038 0.7
3l4 (19.1) 0.045 (1.14)
718 (22.2) 0.045 (1.14)
41.3.1.9 Gaq supply piping shall be rigidly supported.
41.3.1.10 Cdmpounds used on threaded joints of gas piping shall be «esistant to the actign of liquefied

petroleum gal

41.3.1.11 Un

to the natura

41.3.1.12 A
measuring in

41.3.1.13 Algminum tubing shall not be:

a) E

b) U

is prg

c) U

SEeS.

ions in gas lines shall be of the ground-joint or flanged-joint type including a g4
gas and intended for the temperature to whichiit.is exposed.

1/8 inch N.P.T plugged tapping, accessiblefor test gauge connection, shall be
et gas pressure to the unit. The plug used shall not be of the slotted head typ

posed to condensate;

sed if it passes through insulating material of other than neutral reaction, unleg
tected from the insutation; or

sed for water connections.

sket resistant

furnished for
e.

s the tubing
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41.3.2 Gas flow controls
41.3.2.1 General

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

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

41.3.2.1.3 The automatic engine shutdown sensor shall cause the automatic safety shutoff valve to close
in the event the engine is shutdown.

41.3.2.1.4 Dgleted
41.3.2.1.5 Dgleted
41.3.2.2 Autpmatic valves and automatic safety shutoff valves (ASSV)

41.3.2.2.1 All gas to the engine shall pass through at least one automaticwalve and one aujomatic safety
shutoff valve| The valves shall be in series and may be in a single coftrol body.

41.3.2.2.2 Alitomatic safety shutoff valve (ASSV):

a) Shall close upon shutdown or failure condition$; to0 automatically stop the flow of gas within
one gecond. The valve closes upon command frem the automatic engine shutdown sensor.

b) Shall be of the type that fails closed.
41.3.2.2.3 Ajitomatic valve:
a) The automatic valve shall:
i) Operate each time there is a call for fuel.

i) Completely,stop the flow of gas within 1 second of the engine shutting down for any
reason.

iii) Be)of the type that fails closed.

D

b) Al|zerg“governor regulator or an auxiliary valve may serve as the automatic valv

41.3.2.2.4 Automatic valves and automatic safety shutoff valves shall comply with the applicable
requirements in the Standard for Automatic Valves for Gas Appliances, ANSI Z21.21, including the
following:

a) Normally closed electrically operated automatic safety shutoff valves shall close upon zero
current flow.

b) Normally closed gas operated automatic safety shutoff valves shall close upon pressure
failure to the valve operator.
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41.3.2.3 Gas appliance pressure regulators

41.3.2.3.1 A gas appliance pressure regulator shall be supplied with each engine generator.

41.3.2.3.2 Gas appliance pressure regulators, including vent limiters when so equipped, shall comply with
the applicable provisions of the Standard for Gas Appliance Pressure Regulators, ANSI Z21.18.

41.3.2.4 Bleeds and Vents

41.3.2.4.1 The gas appliance pressure regulator shall be equipped with either a vent line or a vent limiter.

41.3.2.4.2 A diaphragm type automatic valve incorporating an external bleed shall be equipped with a

bleed line.
42 Exhaust
42.1 The ex

flammable m
electrical-sys

inch minimuim) are evaluated for compliance during the Temperature~Test. See Temp,

Section 44.

42.2 A muffl
Standard for

42.3 When 3
69.1.4(t) shal

PERFORMA
43 General

43.1 A gene
herein. A gen
of these req
generator do
be conducted

43.2 A repre

43.3 A unit n

bystems
paust system beyond the manifold shall be supported at least 3 jinches (76.2

aterials, excluding flexible mountings, and at least 2 inches (60.8 mm) cleg
em parts and shall not be subject to drippage of fuel, oil, or grease. Reduced

br when provided shall conform with the test requirements of the Muffler T
Industrial Trucks, Internal-Combustion Engine Roewered, UL 558.

unit is provided with a partially installed .0r incomplete exhaust system the
be provided.

NCE

rator assembly shall comply with the applicable requirements when tested
erator of a type not deseribed specifically herein shall be tested in accordance
Lirements. When~any indications are observed during the test prescribed
as applicable,

Sentative sample of a unit is to be subjected to the tests described in Sectiong

harked with one frequency rating is to be tested at that frequency. For a unit 1

mm) clear of
r of fuel and
spacings (1/2
erature Test,

psts — in the

nformation in

as described
vith the intent
herein that a

PS not continue tg-meet the requirements in intended usage, such supplementary tests shall

44 — 66.

harked with a

dual frequen
conducted at

the worst case frequency.

y Tating suchas 50760 ertz or a frequerncy Tange such as 50— 60 Tertz, tests are to be

Exception: For a unit marked with a dual frequency rating or a frequency range, the Temperature Test
of Section 44, is to be conducted at the worst case frequency.
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44 Temperat

44.1 The generator assembly is to be tested at full rated load. Parts shall not attain a temperature that
damages required corrosion protection, adversely affects operation of safety controls, impairs the value of
required thermal or electrical insulation, or results in creeping, distortion, sagging, or similar damage
where such damage to the material or part results in a risk of fire or personal injury. The measured
temperatures at specific points, corrected when applicable in accordance with 44.3 and with 44.8, shall

ure Test

not be greater than those specified in Tables 44.1 and 44.2 unless otherwise indicated.

Table 44.1

Surface temperature limits

Location Composition of surface 2
Metal Nonmatallic
Handles or knopps that are grasped for holding 50°C (122°F) 60°C (L40°F)
Handles or knopps that are contacted and do not involve 60°C (140°F) 85°C (|L85°F)
holding; and other surfaces subject to contact and user
maintenance
Surfaces subje¢t to casual contact?® 70°C (158°F) 95°C (RO3°F)

2 A handle, kng
0.005 inch (0.1

b See the Exce

P7 mm) or less is judged as a nonmetallic part.
btion to 44.3.

b, or similar device, made of a material other than metal that is plated ar clad with metal having 3

thickness of

Table 44.2

Temperature limits

Degreep
Materials and components °C °F
A. Generatqr
1. Clgss A insulation systems on coil windings of generators:
a. In an open generator:
Thermocouple method 902 1942
Resistance method 100 212
b. In a totally encloséd.generator:
Thermoceuple method 95 203
Resistanee method 105 221
2. Clgiss B insulatign;systems on coil windings of generators:
a. In apepen generator:
Thermocouple method 1102 2302
Resistance method 120 248
b. In a totally enclosed generator:
Thermocouple method 120 248
Resistance method 125 257
3. Class F insulation on coil windings of generators:
a. In an open generator
Thermocouple method 135 275
Resistance method 145 293
b. In a totally enclosed generator
Thermocouple method 140 284
Resistance method 150 302
4. Class H insulation on coil windings of generators

Table'44.2 ' Continued on Next-Page
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Table 44.2 Continued
Degrees
Materials and components °C °F
a. In an open generator
Thermocouple method 150 302
Resistance method 160 320
b. In a totally enclosed generator
Thermocouple method 155 311
Resistance method 165 329
B. COMPONENTS
1. C4dpacitors:
a. Electrolytic types 65P 1490
b. Other than electrolytic 9ob 1940
2. Fig¢ld Wiring Terminals 75¢ 167¢
3. Vicanized fiber employed as electric insulation Q0 194
4. Plated bus bar god 1944
5.  Urplated bus bar and a joint 754 167
6. R4glays, solenoids, and similar components
a. Class 105 coil insulation systems:
Thermocouple method 902 1942
Resistance method 110 230
b. Class 130 coil insulation systems:
Thermocouple method 1102 2302
Resistance method 120 248
7. Transformer insulation systems:
a. Class 105:
Thermocouple method 902 1942
Resistance method 95 203
b. Class 130:
Thermocouple method 1102 2302
Resistance method 120 248
c. Class 155:
Thermocouplésmethod 1352 2752
ResistanCe, method 140 284
d. Class 180:
Thermocouple method 1502 3022
Resistance method 160 320
e. Class 200:
Thermocouple method 1652 3292
Resistance method 175 347
f. Class 220:
Thermocouple method 1802 3562
Resistance method 190 374
8. Phenolic composition employed as electrical insulation or as a part the 150¢ 302¢
deterioration of which results in a risk of fire or electric shock
9. Wood and other combustible material 90 194
10.  Rubber- or thermoplastic-insulated wire and cord 606" 140ef
11.  Other types of insulated wires g g
12. A surface upon which a generator is to be mounted in service, and surfaces 90 194

that are adjacent to the generator when so mounted

Table'44.2 ' Continued on Next-Page


https://ulnorm.com/api/?name=UL 2200 2015.pdf

JUNE 1, 2012 STATIONARY ENGINE GENERATOR ASSEMBLIES - UL 2200 97
Table 44.2 Continued
Degrees
Materials and components °C °F

13.  Any point on or within a terminal box or compartment of a generator on 60¢ 140¢

which field-installed conductors rest
14. Thermoplastic sealing compound h h
15.  Selenium rectifier 751e 167
16.  Power semiconductor j j
17.  Printed-wiring board k k
18.  Fuel

a. Gasotie or diesetfuetima foettank 75 167

b. LP-gas in a fuel tank | |
19. Sdaling compound 340°C (140°%F), less|than melting

point

a At a point on
by means of a
as measured b
b A capacitor tH
types is not prd
¢ The temperat
higher than the
d For a bus bal
characteristics

€ The temperat
that has been i
f A short length|
temperature of
dielectric prope
9 The maximun
" The sealing |
accordance wit
I A temperature
insulating mate
I For a power-s|
specified by thg
k For a printed-
! Temperature {
working pressu

the surface of a coil where the temperature is affected by an external source of heat, the temperg
hermocouple is not prohibited from being 5°C (9°F) higher than that specified wheh’the temperat
the resistance method is not more than specified.

at operates at a temperature of more than 65°C (149°F) for electrolytic and more than 90°C (194
hibited from being judged on the basis of its marked temperature limit.

ire observed on the terminals and at points within a terminal box of a generator shall not attain a
temperature marking required in 69.1.4 (m) and (n).

having a current density in accordance with 22.2.9, it is not reguired to measure the temperature|
hich result in temperatures not exceeding the indicated values.

Lire limitations on phenolic composition and on rubber and thermoplastic insulation do not apply tg
hvestigated and found to have the required heat-resistant properties.

of rubber- or thermoplastic-insulated cord inside the*generator is not prohibited from being expos|
more than 60°C (140°F) when supplementary igsulation intended for the measured temperature §
ties is employed on each individual conductor.

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

bmpound temperature limit is 15°C (27°F) less than the softening point of the compound as deter
 the Test Method for Vicat Softening Temperature of Plastics, ASTM D1525.

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

itching semiconductor or'similar device, the temperature limit on the case is the maximum case
semiconductor mangfacturer.

viring board, the temperature limit is the specified limit of the board.
hall not exceed that which raises the pressure within an LP-gas container to more than 80 perce

e of an ASME._container or 120 percent of the minimum service pressure of a DOT fuel containel].

ture measured
ire of the coil

F) for other
temperature
since it has

a compound
ed to a

nd of adequate
mined in

bition or other

femperature

t of the design

44.2 A temp
percent of thg

e previously elapsed duration of the test, and not less than 15 minutes, indicat

brature=is determined to be constant when 3 consecutive readings taken at iftervals of 10

E No increase

Do/~ /A0
<

greater than

vr )

44.3 During the temperature test, the temperature of a surface that is capable of being contacted by the
user shall not be more than the value specified in Table 44.1. When the test is conducted at a room
temperature of other than 25°C (77°F), the results are to be corrected to that temperature.

Exception: A unit is not prohibited from exceeding the temperature limits specified for surfaces subject to
casual contact in Table 44.1 when it Is:

a A

fixed unit so that the risk of contact by people is reduced,

b) Marked as required by 68.3.5, and
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¢) Provided with instructions as specified in 69.1.4(i).

44.4 With reference to 44.1, 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
67.2(b).

44.5 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.

44.6 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.

44.7 The temperature of a winding is determined by the resistance method by comparing-the resistance
of the winding at a temperature to be determined with the resistance at a known temperatyire according
to the formulg:

T =

~I>

(k + t) -k
In which:
T is the temperature of the winding in degrees(C,
R is [he resistance of the coil at the end.@f the test in ohms,
r is the resistance of the coil at the ‘beginning of the test in ohms,
t is the room temperature in degrees C at the beginning of the test, and

k is 234.5 for copper, 225.0 for electrical conductor grade (EC) aluminum. Values qaf the
constant for other conductors are to be determined.

The winding s to be at.reem temperature at the start of the test.

44.8 All temperature-limit values in Table 44.2 are based on an ambient temperature of|25°C (77°F).
However, tedts-are not prohibited from being conducted in other ambients as described [n Table 44.3
when measuted-temperatures are corrected by subtracting the test ambient, and then adding the rated
ambient for compliance, to the measured temperatures.
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Table 44.3
Permitted test ambient
Ambient temperature rating of unit Test ambient temperature
1. 25°C (77°F) Range of 10 — 40°C (50 — 104°F)
2. Range of 25 — 40°C (77 — 104°F) Range of 20 — 40°C (68 — 104°F)
3. Above 40°C (104°F) Rated ambient?
a Allowable tolerances are:
Minus — not less than 5°C (9°F) below rated ambient.
Plus —hot-specified
44.9 When & unit is rated for an ambient temperature higher than 25°C (77°F){)the rgting shall be

indicated in t

44,10 Therm
AWG (0.05
is common
AWG iron
measuremen
accurate and
conform with
in the Stand
Thermocoupl

45 Dielectric

45.1 The tes
least 500 vol
output circuit
is to be conti
volts per sec

45.2 Direct-g
applicable rm

45.3 Printed
of the test pg

m
g:actice to employ a temperature-indicating instrument with thermocouples co

ne instruction manual in accordance with 69.1.4()).

ocouples are to consist of wires not larger than 24 AWG (0.21 mm?) and not sr
2). When thermocouples are used in determining temperatiwes in electrical

d constantan wire. Such equipment is to be used“wherever reference

fs by thermocouples are required. The thermocouples and related instrume
calibrated in accordance with standard laboratéry practice. The thermocou
the requirements listed in the Tolerances on InitialValues of EMF versus Temp
ard Specification and Temperature-Electromotive Force (emf) Tables for
s, ANSI/ASTM E230/E230M.

Voltage-Withstand Test — General

t potential specified in 45.4 is @btained from any convenient source having a
[-amperes. The capacity is not prohibited from being lower when a meter is |
and the test potential is/naintained except in case of breakdown. The voltage
huously adjustable. Starting at zero, the applied potential is to be increased at
bnd until the requireditest value is reached The leakage current shall not exce

urrent potential_is used for an ac circuit. When used a test potential of 1.4
s value of alterhating-current voltage specified in 45.4 is to be applied.

wiringsassemblies and other electronic-circuit components that are damaged
tentiah or that short-circuit the test potential are to be removed, disconnected

rendered ino|

haller than 30
equipment, it
hsisting of 30
temperature
ts are to be
ple wire is to
brature tables
Standardized

capacity of at
ocated in the
of the source
a rate of 200
ed S5mA.

14 times the

by application
or otherwise

perative before the dielectric voltage-withstand tests are made. Testing a r

Epresentative

subassembly instead of an entire unit is not prohibited. Individually shunting the semiconductor devices in
the unit before the test is made to avoid destroying them in the case of a malfunction elsewhere in the
secondary circuits is not prohibited.
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45.4 While at operating temperature, the ac and when provided, dc power circuits shall withstand without
breakdown the application of a sinusoidal potential of 1000 plus twice rated voltage (see 45.5) at a
frequency in the range of 40 — 70 hertz applied for 1 minute between output (including generator) current
carrying parts and dead metal parts.

Exception: For a dc circuit, either an alternating-current or a direct-current potential is used. When an
alternating current potential is used, the potential is to be the value indicated above, divided by 1.414.

45.5 With reference to 45.4 the test potential between ac power circuits and dead metal parts is to be
based on the phase-to-ground voltage rating. The test potential for other points involving the ac power
circuit is to be based on the phase-to-phase voltage rating or the voltage rating of the other circuit,

whichever is

greater.

Exception:
46 Harmonig
46.1 Whent

delivered by
Class | circui

any single hgrmonic shall not exceed 15 percent of the nominal fundamental rms output vol{

Class 3 circu

46.2 With re
an adjustab
measuremen
rated power.

46.3 Exceed
use with a s
Section 44 sH
intended valu

46.4 Exceed
use with a s
shall contain

46.5 Exceed
measured on

applicable to

Distortion Test

bsted as described in 46.2 the total rms of the harmonic voltages| excluding the
a generator shall not exceed 5 percent of the fundamental:xms output voltal
s, 20 percent for Class 2 circuits and 30 percent for Class 3-circuits and the r

ts.

erence to the requirement in 46.1 the generaton.s to be connected to a lineg
e impedance so the generator is able to<deliver power at rated powe
[s are to be made at open circuit and wijthhe generator delivering 50 and 1

ng the output voltage distortion levels of 46.1 is not prohibited when the unit i
becific load device and is so marked in accordance with 68.2.20. The Tem
all be conducted using the specified load. The temperature on the load shall n
es applicable to the load -equipment involved.

ng the output voltage distortion levels of 46.1 is not prohibited when the unit i
ecific type of deyice*and is so marked in accordance with 68.2.20. The instru
the information"described in 69.1.4(r) when a specific type of device is used.

ng the oUtput voltage distortion levels of 46.1 is not prohibited when the

Chis test does not apply when the voltage potential is less than 30 volts (RMS).

fundamental,
ge rating, for
ms voltage of
age rating for

r load having
factor. The
DO percent of

5 intended for
erature Test,
bt exceed the

5 intended for
ction manual

temperatures

loads, Supplied by the nonsinusoidal waveform do not exceed the temperatujes measured
using the sipusoidal waveform by more than 5°C (9°F), and shall not exceed the inte

ended values

theyload equipment involved.
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47 Output Voltage And Frequency Fluctuation Test

47.1 When tested as described in 47.2 the output voltage shall be within 90 to 110 percent of the nominal
output voltage rating and the frequency shall be within 91 to 108 percent nominal output frequency rating.

47.2 With reference to the requirement in 47.1 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. With the
generator in a steady state condition, fluctuation measurements are to be made at open circuit and with
the generator delivering 50 and 100 percent of rated power.

48 Blocked |

nlet Test

48.1 The ge
44, and wher

erator assembly shall be arranged for test as described for the Temperature
operating at maximum rated capacity the circulator air flow is to be gradually ¢

is to be accomplished by gradually blocking the circulating air inlet openings; first to enehalf

area, and th¢g
restrictions, U
alarm is activ|
or enclosure
to be operab

Exception:

49 Backfire-I

n to complete blockage of the inlet grille area. The test is to be continued, undg
ntil equilibrium conditions are attained, the product shuts down @r.for 5 min
pted. There shall be no burning, charring, smoke or other evidence '0f damage

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

Chis test is not required for open type generator asseniblies.

Deflector Test

49.1 A backiire deflector under backfire conditions shall’contain a visible flame front withi

and shall not
internal parts
accumulation

Exception:

49.2 A comf
oil-bath or dr
and other ign
conditions. T
alternately er
the issuance

49.3 The ba
oil-bath type

be displaced, physically damaged or disterted or show evidence of burning or
and, when of the oil-bath type, shall-be free of any overflow or discharge that
of oil on electrical, hot-engine, or.exhaust-system parts.

[his test is not required for generator assemblies that employ diesel engines.

lete engine generator unit is to be used for this test. The backfire deflector
/-element type) and+connecting hose are to be removed from the engine. The
ition adjustments-are to be made as required to obtain sharp backfires under
ne engine is tq"be”alternately raced and idled, and the ignition switch is to b
ergize and de<energize the ignition system. During this test, the intensity of thg
and exterf.of the accompanying flame are to be noted.

kfire“deflector (air cleaner) is then to be installed on the engine in the intende
Heflector (air cleaner) is to be filled to the marked "full-level line" of the bowl. H

est, Section
pstricted. This
of their open
br each of the
ites after the
0 the product
5 not required

n its confines
smoldering of
results in the

(air cleaner,
spark timing
the following
b operated to
backfire and

l location. An
Paper is to be

placed benea

thrthemtake orifices of amoit-batttype and-over adjacent surfaces of partsth

by accumulations of oil.

t are affected

49.4 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.
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49.5 Observation for containment of flame are to be made under semidarkened conditions by a minimum
of two observers. No visible flame is to be in evidence at any time during the tests. In the tests of an
oil-bath type, paper is not to show evidence of oil deposits in the form of droplets.

49.6 A dry-type filter element is to be tested in the above manner and a separate sample is to be
subjected to a flame source of an intensity that results in the media burning or glowing. When the flame

source is removed, a filter media shall not continue to burn or smolder.

Exception:
as described

in 49.2.

50 Neutral to Ground Potential Measurement Test

This test is not required for filter elements used on engines that do not backfire when tested

50.1 In acco
is not ground

a) O
b) D

The electric
not produce

51 10-Day M

51.1 After bdg
more than 15

51.2 A test 4
the result of
the sample p

51.3 Female
normally four

51.4 Three 1
a moist amnj
inches) havin

!

dance with 18.1.7 a generator having a lead or terminal identified as a ground
ed at the unit itself is to be subjected to this test. The generator is to:

berate with no load connected to the output ac terminals, and
bliver maximum rated output alternating current into a load.

nergy available between the grounded conductor of the_ac output circuit and
risk of electric shock (see Electric Shock, Section 9):

oist Ammonia-Air Stress Cracking Test

ing subjected to the conditions described, in51.2 — 51.5 fuel-confining brass pa

ed circuit that

ground shall

rts containing

percent zinc shall show no evidence of‘cracking when examined using 25X magnification.

ample shall be subjected to the physical stresses normally imposed on or wi
hssembly with other components™or with tubing or piping. Such stresses shall
Fior to and maintained during thé test.

pipe-threaded ends are.to be engaged with brass plugs or fittings tightened
d to produce a leaktight assembly.

amples are to pbe,degreased and then continuously exposed in a set position f
onia-air mixture maintained in a glass chamber 305 by 305 by 305 mm (12
g a glass{caver.

51.5 600 ml
the glass ch
aqueous am

of agtieous ammonia having a specific gravity of 0.94 is maintained to be at

hin a part as
be applied to

o the degree

or 10 days to
by 12 by 12

the bottom of
th) above the

mber’below the samples. The samples are to be positioned 38.1 mm (1-1/2 in

is to be maintained at atmospheric pressure and at a temperature of 34 +2°C (93 +3.6°F).

the chamber


https://ulnorm.com/api/?name=UL 2200 2015.pdf

JUNE 1, 2012

STATIONARY ENGINE GENERATOR ASSEMBLIES - UL 2200

103

52 Salt Spray Test

52.1 The corrosion resistance of a metallic material is to be determined in accordance with 52.2. The

samples shal

| show no signs of deterioration or corrosion.

52.2 Specimens of the material are to be supported vertically and exposed to salt spray (fog) for 50 hours
in accordance with the Standard Practice for Operating Salt Spray (Fog) Apparatus, ASTM B117.

53 LP-Gas Container Load Tests

53.1 An LP-Gas fuel container shall be secured in place on the product in a manner capable of

withstanding

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

53.2 For this
the manufact
measured by

54 Abnorma
54.1 General
54.1.1 A gen
or injury to p¢

samples for ¢

54.1.2 Folloy
potential is td

Exception:
voltage-withs

54.1.3 A risk

a) Fl
evidg

b) Tie insulation breaks down when tested in accordance with 54.1.2 or live parts

acce
and |

c) C

test, the container is to be empty of fuel and is to be so secured in the manns
urer's instructions. Loadings are to be applied in any convenient manpericap
gauges or weights.

Tests

erator assembly shall not emit flame or molten metal-of become a risk of fire, €
brsons (see 54.1.3) when subjected to the tests specified in 54.1.2 — 54.5.1. U
onducting these tests is not prohibited.

ling each test, the Dielectric Voltage-Withstand Test, Section 45 is to be co
be applied across the points indicated, ih.45.4.

Conducting more than one abngrmal test on a sample, or conducting
fand test after completion of all abnormal tests is not prohibited.

of fire, electric shock, or-njury to persons exists when:

ame, burning oil, or molten metal is emitted from the enclosure of the generat
nced by ignition, glowing, or charring of the cheesecloth or tissue paper,
Esible (seé€Protection of Users — Accessibility of Uninsulated Live Parts, Film-

Moving Parts, Section 8),

ackjng, rupturing, or bursting of the battery case or cover, when such damagg

br covered by
able of being

lectric shock,
5ing separate

nducted. The

he dielectric

pr as

are made
Coated Wire,

results in

user

ontact wittrbattery efectrotyte; or

d) Explosion of the battery supply where such explosion results in a risk of injury to persons.

54.1.4 During these tests, on enclosed type generator assemblies, all ventilating openings of the
generator assembly are to be covered with a single layer of cheesecloth loosely over the entire enclosure.
The cheesecloth is to be untreated cotton cloth running 14 — 15 yards per pound (28 — 30 m2/kg), and
having, for any square inch (6.45 cm?2), a count of 32 threads in one direction and 28 in the other direction.
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54.1.5 The enclosure of the unit is to be connected directly to ground.

54.1.6 Each test is to be continued until further change as a result of the test condition does not occur.
When an automatically reset protector functions during a test, the test is to be continued for 7 hours. When
a manual reset protector functions during a test, the test is to be continued until the protector operates for
10 cycles using the minimum resetting time, and not at a faster rate than 10 cycles of operation per

minute. Term

ination of the test occurs when:

a) Opening or shorting of one or more components such as capacitors, diodes, resistors, solid

state

devices, printed wiring board traces, or similar components,

b) Opening of the intended overcurrent protection device described in 54.1.6, or

c) O

Exception Nd
for Molded-C
be operated
operation pe

Exception N
operated bet

54.2 Oversp

54.2.1 Thep
condition cor
overspeed pf
the test shal
conducted fo
of this test.

Exception: |
the governor

bening of an internal fuse.

. 1: When the manually reset protector is a circuit breaker that complies with
nse Circuit Breakers, Molded-Case Switches and Circuit-Breaker Enclosures, U
for 3 cycles using the minimum resetting time and not at a rate“faster than|
minute.

D. 2: A manual reset protector that becomes inoperative in the open cond
ween 10 cycles, and 3 cycles.

ped test

roduct, as arranged for operation in its intended manner, shall be subjected to
ducted at no-load open throttle speed, 6f*the engine with no overspeed prof]
otection, e.g., an electrical or mechanical cut off switch (other than a governo
be run at the maximum speed.controlled by the overspeed device. The
a period of 1 minute. There shall be no evidence of fire or risk of personal injJ

or units provided with governors for overspeed protection, this test shall be p
in the failed position.or-defeated.

the Standard
L 489, itis to
10 cycles of

tion shall be

An overspeed
ection. When
) is provided,
test is to be
ry as a result

erformed with
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54.3 Output

overload test

54.3.1 Generator winding temperatures shall not exceed the temperature limits in Table 44.2. This test is
to be conducted after thermal stabilization is reached during the mode of operation that has output power.
While delivering maximum rated output power to an adjustable resistive load connected to the output ac
circuit, the generator is to be subjected to the overload test described in 54.3.2.

54.3.2 The ac load is to be increased in increments of 10 percent of the maximum output rating and held
for 1/2 hour at each increment until:

a) Further change as a result of the test condition does not occur; or

b) THhe unit shuts down.

Exception:
power withot
loading as dg

54.4 AC output short circuit test

54.4.1 Theg
the AC outpy

Exception:
rated no mor
rating not les

54.5 Compo
54.5.1 A cor
the input and

any two term

Exception:
of the circuit

Thermal stabilization is obtained with a load adjusted to result in maximum_obtd

t causing operation of overcurrent protective devices, followed bycincfease
scribed above.

enerator is to be connected and operated as in the normabtemperature test. W
t is to be shorted. Shorting is to include from line toine and line to neutral.

he above test is not required to be conducted\when the overcurrent protec|
e than 125 percent of the rated output circuitietrrent and having a short-circy
s than the maximum fault current availablefrom the generator output tested.

hent short- and open-circuit test
nponent, such as a capacitor, diode, solid state device, or similar component
output alternating current and_direct current power circuits are to be short- or o

nals one at a time, during-any condition of operation including startup.

[his test is not requited-where circuit analysis indicates that no other compon
s overloaded.

pinable output

il incremental

hile operating

tion device is

it interruption

connected in

pen-circuited,

ent or portion
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54.6 DC output short circuit test

54.6.1 This test is to be conducted on generator assemblies:

a) That have an integral battery charging circuit, or

b) Whose direct current output of the generator is intended to be used with a remote battery

suppl

y, 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.

54.6.2 The t§st shall be conducted Iin accordance with the requirements for DC Circuits in

for Uninterru

54.6.3 Durin
shall be fully
specified in 1
connected.

Exception N(

a A
less

b) T
not e
the N

Exception N(
than 125 pen
than the max
55 Overtemy
55.1 When i

a) A
cycle

factof.

tible Power Systems, UL 1778.

j the tests described by 54.6.1 (a) and (c), batteries intended to be used with
charged. During the test described by 54.6.1(b), batteries are not te\be connec
4.6.1 (b) and (c) are not prohibited from being combined intd pbfie test with

. 1: A battery supply complies with the requirements whéhn'it complies with the

1 overcurrent protection device is employed having a’/short-circuit interrupting
han the maximum fault current available from the battery supply, and

ne maximum current from the battery suppliZduring the reserve mode — see 5;
xceed the ampacity rating of the conducters connected to the batteries. Table
ational Electric Code, NFPA 70 is to-b€ used for determining conductor ampa
. 2: The above test is not required when the overcurrent protection device is r{
cent of the rated output circuit Current and having a short-circuit interruption 1
imum fault current available-from the generator output tested.

erature Protection «Overload and Endurance Operation Tests

hcorporated in the-generator assembly a protective device shall comply when

n Overload Test consisting of making and breaking for 50 cycles of operation,
5 per minute, a current of 150 percent of rated value, at the rated voltage and

the Standard

the generator
ed. The tests
the batteries
following:
ating not

1.1 — does
310-16 of
City.

hted not more
ating not less

subjected to:

at a rate of 6
power

b) A

| ok e | ——

d power

factor for 1000 cycles for a manual reset protector or 6000 cycles for an automatic reset
protector, at a rate of 6 cycles per minute when the nature of the device performs this rate of
operation.
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55.2 There shall be no electrical or mechanical failure of the device, nor undue burning or pitting of the

contacts.

55.3 The rate of operation indicated in 55.2 is not prohibited from being less than 6 cycles per minute
when the nature of the device does not permit faster cycling.

56 Grounding Impedance Test

56.1 In accordance with 20.8, 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 56.2. The

resistance off
resistance m

56.2 Compliance with 56.1 is to be determined by passing a current of 25 amperes’” derivj

hertz source
voltage acrog

a) The equipment grounding connection, and

b) Tihe metal part in question.

57 Overcurrg

57.1 A fuse,
25.9 shall mq

58 Strength

58.1 In acco|
upon which ¢

when the comnectors, securing short\engths of conductors sized as described in 16.1.4, g

110 percent ¢
is not damag

Exception:
block, circuit

58.2 With re

the equipment grounding conductor of a power supply cord shall not be,n
pasurement.

vith a no-load voltage not exceeding 6 volts between the following-paints and 1
s these points:

nt Protection Calibration Test

or circuit protective device, provided for prétection of secondary circuits in acq
et the requirements in Section 29 of the*Standard for Class 2 Power Units, U

pbf Terminal Insulating Base and Support Test

rdance with the requirement in 16.1.9, an insulating base or support and the
ressure wire connectors _fot\field wiring are mounted shall be subjected to the

f the value marked an the unit. The results meet the intent of the requirement w
bd as defined in 58:2.

[he test is not.required for wire connectors that are part of a component such
breaker, switch, or similar device.

erence to 58.1, damage has occurred when the base insulating material cracj

bosses, rece

5s€s,”or deforms in some way to prevent turning; does not perform its inten

cluded in the

ed from a 60
neasuring the

ordance with

| 1310.

bus or strap
force created
re torqued to
hen the base

as a terminal

ks or rotates;
ded function;

straps or bus

bars bendortwist, or Tembers other tharm the wire COTTeCtor TTITovVE at eiectric

| 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.
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59 Mechanical Strength Tests for Metal Enclosures

59.1 In accordance with 24.1.4, an external metal enclosure of a unit intended for use in a controlled
environment having reduced spacings between uninsulated live metal parts and the enclosure shall be
subjected to the two tests described in 59.3 and 59.4. The tests shall not result in:

a) Permanent distortion to the extent that spacings are reduced below the values specified in
24.1.4,

b) Transient distortion that produces contact of the enclosure with uninsulated live parts other

than

those connected in a low-voltage circuit, and

c) D
shoc
judgsd
Film-

59.2 Enclosl
in 59.5. Doof
described in
in Section 73

a) T
spec

b) D
shoc
judgsd
Live

c) W
73.1.

59.3 For the
1 minute. Th

the greatest glistortion or damage by means of a steel hemisphere 1/2 inch (12.7 mm) in di

59.4 For the

Bvelopment of openings that expose uninsulated live parts that involve a risk g

or electrical energy — high current levels. Any openings resulting from the. tes
d under the requirements in Protection of Users — Accessibility of Uninsulated
Coated Wire, and Moving Parts, Section 8.

s and covers built in accordance with Exception 2 of 7.5.2-8hall be subjecte
9.3 and 59.4. Wet location units shall apply these tests as‘preconditioning fo
, Performance. The tests shall not result in:

ansient or permanent distortion to the extent that¢Spacings are reduced below
fied in Table 24.1;

bvelopment of openings that expose uninsulated live parts that involve a risk g
or electrical energy — high current levels. Any openings resulting from the tes

d under the requirements in Section 8, Protection of Users — Accessibility of U

Parts, Film-Coated Wire, and Moving Parts; or

etting of live parts after this preconditioned unit is subjected to the rain test in

first test specified inW59.1, the enclosure is to be subjected to a 25-pound forg
b force is to be applied to the outside of the enclosure at various locations likg

second teSt.specified in 59.1, the enclosure is to be subjected to an impact of

(6.8J). Thei
by means of
g) mass. Th
locations on

smaooth, solid, steel sphere 2 inches (50.8 mm) in diameter and having 1.18

f electric
ts are to be
Live Parts,

res built in accordance with Exception No. 2 of 7.5.2 shall be subjected to the test described

 to the tests
r the rain test

the values

f electric
ts are to be
ninsulated

Section

e (111-N) for
ly to result in
hmeter.

b foot-pounds

pact is_to be applied at various locations likely to result in the greatest distortion or damage

pounds (535

sphere is to fall freely from rest through a vertical distance of 51 inches (1.29

Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

m) at various
Standard for

59.5 For the test specified in 59.2, the enclosure is to be subjected to a 100-pound force (445-N) for 1
minute. The force is to be applied to the outside of the enclosure at various locations likely to result in the
greatest distortion or damage by means of a steel hemisphere 1/2 inch (12.7 mm) in diameter.
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60 Cycling T

est

60.1 In accordance with 16.4.1 an enclosure door, cover or hood that is positioned or moved in normal
use shall be subjected to 1000 cycles of operation and then be subjected to the tests in Section 71 for

Outdoor-Use

Units.

60.2 The enclosure door, cover or hood shall not crack, deform, or allow wetting of live parts or the
entrance of water.

61 Evaluation of Reduced Spacings on Printed-Wiring Boards

61.1 Genera

61.1.1 In ac
potential havi

a) A
for u

b) A
contr|

61.2 Dielectr

61.2.1 A prin
application of
with 45.1 ang

61.2.2 Powe|
having reduc
insulations, r
potential.

61.3 Shorted

61.3.1 Printg
the test is to

a) The overcujrent protection associated with the branch circuit to the rotary gener

cordance with (&) in Exception No. 3 to 24.1.1, printed-wiring board trace
ng reduced spacings are judged by conducting:

dielectric voltage-withstand test described in 61.2.1 and 61.2.2 for'a)generato
be in a controlled environment, or

shorted trace test described in 61.3.1 for a generator investigated for use in €
blled or general environment.

¢ voltage-withstand test

ted-wiring board as specified in 61.1.1 shall*withstand for 1 minute without b
a dielectric withstand potential between thé’traces having reduced spacings i
45.2 or Table 44.1 as applicable.

F-dissipating component parts, electronic devices, and capacitors connected bg

ed spacings are to be removed or disconnected in such a manner that the

hther than these component.parts, are subjected to the full dielectric voltage-

trace test

d-wiring board {races specified in 61.1.1 are to be short-circuited, one location
pe conductedhas described in 54.1.1 — 54.1.3, 54.1.5 and 54.1.6. As a result ¢

5 of different

investigated

ither a

eakdown the

N accordance

btween traces
spacings and
vithstand test

At a time, and
f this test:

ator shall not

open} and

b) A'wire ora printed-wiring board-trace statt ot oper:
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 no

t required to be repeated.
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62 Bonding Conductor Test

62.1 A bonding conductor that does not comply with 20.9 (a) or (b) does comply when using separate
samples for each test, neither the bonding conductor nor the connection opens when:

a) Carrying currents equal to 135 and 200 percent of the rating or setting of the intended
branch-circuit overcurrent-protective device for the times specified in Table 62.1, and

b) Three samples are subjected to a limited-short-circuit test using a test current as specified in
Table 62.2 while connected in series with a nonrenewable fuse having a rating equal to the
intended branch-circuit overcurrent-protective device.

Exception: [When a fuse that 1s smaller than that indicated in (a) and (b) 1S employed In the unit for
protection of{the circuit to which the bonding conductor is connected, then the magnitude of the test
current and sjze of fuse used during the test is not prohibited from being based on the-rating lof the smaller
fuse.

Table 62.1
Duration of overcurrent test

Rating or sefting of branch-circuit Test tifae. Minutes
overcurrent protective device, .

amperes 135 percent of current 200 percent of curfent
0-30 60 2
31-60 60 4

61 — 100 120 6

101 - 200 120 8

Table 62.2

Circuit capacity for bariding conductor short-circuit test

Rating of unit, volt-ampere
Single ghase 3:phase Volts Capacity of test circuif, 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 orlmore 1497 or more 251 - 600 5000

62.2 The test circuit described in 62.1(b) is to have a power factor of 0.9 — 1.0 and a closed-circuit test
voltage as specified in 43.2. 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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63 Impact Tests

63.1 Impact on glass covered openings

63.1.1 With reference to 7.7.1(b), a glass covered opening shall withstand a 2-1/2 foot-pound (3.38 J)
impact without cracking or breaking to the extent that a piece is released or dropped from its normal

position.

63.1.2 The impact specified in 63.1.1 is to be applied by means of a smooth, solid steel sphere 2 inches
(50.8 mm) in diameter and having 1.18 pounds (535 g) mass. The sphere is to fall freely from rest through
a vertical distance of 25 inches (63.5 cm).

63.2 Impact

63.2.1 In acg
of 5 foot-pou
produced by
from a heigh
the top, the S

—guards over moving parts

ordance with 6.3, a part of a unit as described in 6.1 and 6.2 is to be subjected
nds (6.8 J) on any surface that is exposed to a blow during normal use. This in
dropping a steel sphere, 2 inches (50.8 mm) in diameter and weighling 1.18 po
of 51 inches (1.29 m) to produce the 5-foot-pound (6.8 j) impact For surfac
teel sphere is to be suspended by a cord and to swing as ajpendulum, dropp,

vertical distamce of 51 inches (1.29 m) to strike the surface.

63.2.2 A uni

is to be subjected to the impact test described in-63.2.1 with or without an

specified by the manufacturer so as to result in the most severe) test.

63.2.3 When

a part as specified in 6.1 is made of a polymeric material, the impact test
a sample or samples in the as-received.eondition. The test is then to be r

conducted o
different san*T:ale or samples that have been cooled to' room temperature after being con

hours in an
material, and
manner in wh

63.2.4 Upon
test, no sam
conditioning,

63.2.5 After
accessibility
Film-Coated

ir oven operating at 10°C (18°F) higher than the maximum operating tempg
not less than 70°C (158°F). While \being conditioned, a part is to be supporte
ich it is supported on the generator set.

being removed from the Qven specified in 63.2.3 and before being subjected
ple shall show signs of checking, cracking, or other deleterious effects fr
and no sample shalkbe distorted so as to result in a risk of injury to persons.

he impact testequired by 63.2.1, any openings resulting from the test shall co
fequiremenisidescribed in Protection of Users — Accessibility of Uninsulate
Wire, and{Moving Parts — and User Servicing, Section 8.

to an impact
hpact is to be
unds (535 g),
bs other than
ng through a

y attachment

is to be first
bpeated on a
ditioned for 7
brature of the
1l in the same

to the impact
bm the oven

mply with the
d Live Parts,
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64 Heat Sink Temperature Cycling Test

64.1 Where required by Exception No. 2 to 22.3.1, a current-carrying, aluminum heat sink shall be
subjected to the test described in 64.2 and 64.3.

64.2 Three samples of the heat sink/solid state component assemblies are to be subjected to this test.
After completion of the 500th cycle described in 64.3, a temperature of the solid state component for each
sample shall not be more than 15°C (27°F) higher than the temperature during the 24th cycle and neither
temperature shall be more than the rating of the solid state component.

64.3 The samples are to be subjected to 500 cycles of current-on and current-off operations. During the
current-on time, the samples are to be carrying maximum rated current. The duration of the current-on and

current-off tin
are obtained
than 2°C (3.6
time with the

65 Ignition T

65.1 In acco
conducting th

65.2 Openin
flaming No. 2
extinguished

65.3 A samp
distance abo
Bleached che

over a shallo
in the panel
otherwise dog
of the patterrn
the openings
the risk of sp

65.4 A small
handle whos

es shall be the Tength of time required to reach stable temperatures. Stable
when three successive readings taken at not less than 10 minute intervals indig

temperatures
ates no more

°F) variation between any two readings. Forced-air cooling is a way to reduce the current-off

concurrence of those concerned.
est Through Bottom-Panel Openings

rdance with Exception No. 3 to 7.10.1, a ventilated, bottom*panel construction
e tests described in 65.2 — 65.5.

is judged by

s in a bottom panel shall be so arranged and small in size and few in number that hot,

fuel oil (see 65.4) poured three times onto the:ppenings from a position abov
as it passes through the openings.

le of the complete, finished bottom pan€elis to be supported in a horizontal pg
e a horizontal surface under a hood orin another area that is ventilated and fre

b the panel is

sition a short
e from drafts.

esecloth running 14 — 15 square yards to the pound (28 — 30 m%/kg mass) afd having, for
any square imch (6.4 cm?), 32 threads in one-direction and 28 in the other, is to be drapeq

v, flat-bottomed pan that is ef a size and shape to cover completely the patter
and is not large enough-to-catch any of the oil that runs over the edge of
bs not pass through the epenings. The pan is to be positioned with its center un
of openings in the panel. The center of the cheesecloth is to be 2 inches (50
Use of a metal sereen or wired-glass enclosure surrounding the test area is a
attering oil, cadsing injury to persons.

metal ladle-no more than 2-1/2 inches (63.5 mm) in diameter, with a pouring

centimeters
degrees, a fl
gallon (38.2

b |ongitudinal axis remains horizontal during pouring, is to be partially filled
f Nox2 fuel oil, which is a medium-volatile distillate having a minimum API

in one layer
n of openings
the panel or
ler the center
8 mm) below
vay to reduce

ip and a long
vith 10 cubic
gravity of 30
5,900 Btu per

sh'point of 110 — 190°F (43.3 — 87.7°C), and an average calorific value of 13

| 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 then is to be poured at the rate of, and no less than, 1 cubic centimeter per second in a steady
stream onto the center of the pattern of openings from a position 4 inches (102 mm) above the openings.
It is to be observed whether the oil ignites the cheesecloth.
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65.5 Five minutes after completion of the pouring of the oil, the cheesecloth is to be replaced with a clean
piece and a second 10 cubic centimeter of hot, flaming oil is to be poured from the ladle onto the
openings, and it is again to be observed whether the cheesecloth is ignited. Five minutes later, a third
identical pouring is to be made. The cheesecloth shall not ignite in any of the three pourings.

66 Bus Bar Tests

66.1 An aluminum bus bar employing a coating specified in Exception No. 3 of 22.2.1 or a bus bar that
has a clamped joint construction described in Exception No. 2 of 22.2.3 and Exception No. 3 of 22.2.4,

respectively,

shall be subjected to the tests described in 66.2 — 66.4.

66.2 The temperature of the bus bar joint shall be measured during the temperature test described in

Temperature

Test, Section 44, and comply with the maximum temperature specified in [ ab|

e 44.2.

66.3 The temperature rise at the joint during the five hundredth cycle shall not be merethap 15°C (27°F)

higher than t

66.4 The tes|
The bus bars|
and size of th
which the join
bus bar is to
does not affe
results in a te
subjected to
temperature
maintained fd
are to be rec
to the bolt o
temperatures
thermal equil

Exception:
concurrence

he temperature rise at the end of the twenty-fifth cycle.

f sample is to consist of an assembly of bus bars connected togéther to form a
are to be clamped together with the joint construction used injactual production
e bus bar are to represent the maximum ampere rating andthe maximum curr
t construction is employed. This sometimes requires morethan one test. The |
be 2 feet (609 mm). The bus bar is to be connected.to a power supply by an
Ct the joint temperature. The power supply is to be adjusted to deliver a value (
mperature of 75°C (135°F) above room temperature at the joint. The assembly
a 500-cycle test. At the end of the 24th cycley-the current is to be readjuste
of the joint to 75°C (135°F) above roopiZtemperature; and this current v
r the remainder of the cycling test. At the*end of the 25th and 500th cycles, the
brded. The temperatures are to be measured on both sides of the joint as clos

rivet. The cycling rate is to be 3™ours on and 1 hour off. The on period
are recorded is to be extended toymore than 3 hours only when required for the
brium.

Fhe length of the bus bar)is not prohibited from being less than 2 feet (609
of those concerned.

series circuit.
. The number
ent density in
bngth of each
y means that
f current that
is then to be

to bring the
lue is to be
temperatures
e as possible
during which
joint to attain

ymm) with the
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66A Volume Change and Extraction Test
66A.1 General

66A.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.

66A.1.2 Nonmetallic low pressure propane and natural gas flexible hoses and fittings shall be subjected

to the tests s

pecified in 66A.2 — 66A.4.

Exception:
evaluated to

66A.2 Pull t4
66A.2.1 The

66A.2.2 Thrd
is to be mour]

This test sequence is not conducted on low pressure propane and natur
the Standard for LP-Gas Hose, UL 21 or metal flexible fuel hoses.

st — as received
samples shall withstand a 60 pound-force (267 N) pull.

e samples of the fuel hose assembly (hose and end fittings) are to be tested.
ted in a tensile strength testing machine and operatedvith a rate of travel of 0,

(12.7 mm/minute) until the specified pull force has been reached.

66A.3 Aging
66A.3.1 The
66A.3.2 Threg
air-circulating
pull test after|
66A.4 Pull te
66A.4.1 The
66A.4.2 The

the Aging teg
machine and

test

samples shall not show visual signs of deterioration or loss of flexibility after g
e representative samples of the fuel"hose assembly are to be subjected to 7
oven maintained at a temperatuare of 100°C (212°F). The samples are to be S
temperature conditioning.

st - after the aging test

samples shall maintain at least 70 percent [42 pounds (187 N)] of their longitud
three samplés of the fuel line assembly (fuel line and end fittings), which werg

t, are to de-used for this test. Each sample is to be mounted in a tensile st
operated)with a rate of travel of 0.5 inch/minute (12.7 mm/minute) until:

h/ gas hoses

Each sample
5 inch/minute

ging.

D hours in an
ubjected to a

nal pull force.

subjected to
ength testing

a) TI|1e hoSe or fitting breaks, cracks, splits;

b) The fitting separates from the hose; or

c) The minimum pull force has been obtained.
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66B Vibration Test

66B.1.1 During and following this test, the hose assembly samples shall withstand the vibration without
showing signs of degradation or leakage.

66B.1.2 Two samples of the hose assembly are to be subjected to vibration while pressurized to normal
operating pressure. The two samples are to be prepared one in the horizontal position, the other in the
vertical, and both with one end fixed. They are to be mounted on the vibration machine and subjected to
48 hours vibration of 0.125 inch (3.175 mm) amplitude at a frequency of 17 Hz.

66C Aerostatic Leakage Test

66C.1.1 The

66C.1.2 Thre
Each samplg
pressurized t
leakage by b

66D Hydrost]
66D.1.1 The
66D.1.2 Thrd
test. Each sal

to 4 times of
checked for |

hose assemblies shall not leak.

e samples of 18 inch (457 mm) long flexible hose assemblies are to be subjects
is to have one end of the assembly plugged and the other hose”end
O 1.5 times operating pressure for 5 minutes. The hose assemplies shall be

bing immersed in water or an equivalent method.

ptic Strength Test

hose assembly shall not leak.
e samples of 18 inch (457 mm) long flexible fuehline assemblies are to be suk
mple is to have one end plugged and the othefhose end is to be hydrostaticall

erating pressure for 1 minute and checked’for leakage. The fuel line assem
bakage by being immersed in water or ancequivalent method.

pd to this test.
aerostatically
checked for

jected to this
V pressurized
plies shall be
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RATING

67 Details

67.1 The ac output of a unit shall have the following ratings:
a) Voltage,
b) Frequency,

c) Number of phases except for a unit intended for single-phase only,

d) Amperes volt-amperes, or watts, and
e) Popwer factor, when less than unity unless the rating is expressed in:
1) Watts and volt-amperes, or
2) Watts and amperes.
f) RRM
g) Insulation system class
h) Rpted ambient temperature or rated temperature-rise
67.2 The electrical rating of a unit shall include the following:

a) Tlhe electrical rating for a 3-phase generator that is limited to either a delta or w
conngction shall indicate the phase configuration, and

b) Tihe electrical rating for a generator having a 3-phase output or a single-phase ¢
neutral conductor shall indicate the unbalanced load capability of the generator.

MARKING
68 Details
68.1 Generdl

68.1.1 Unlegs. Otherwise stated, all markings are required to be permanent, that is, eit

ye

utput with a

her by being

molded, die-stamped; paimnt=sterncited; Stamped or etched metatthat s permmanentty secure

d; or indelibly

stamped on a pressure-sensitive label secured by adhesive that, upon investigation, is found to comply

with the requirements in the Standard for Marking and Labeling Systems, UL 969.
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68.2 Content

68.2.1 A unit shall be plainly and permanently marked where it is readily visible, after installation, with:

a) The manufacturer's name, trademark, or other descriptive marking by which the organization
responsible for the generator is identified,

b) A

distinctive catalog number or the equivalent,

c) The electrical ratings specified in, Section 67, and

d) The date or other dating period of manufacture not exceeding any three consecutive months.

Exception Nd
the unit is idd

Exception N@
accepted cor

a) D

b) D
the U

. 1: The manufacturer’s identification is not prohibited from being in a traceab
ntified by the brand or trademark owned by a private labeler.

. 2: The date of manufacture is not prohibited from being abbreviated, or being
ventional code, or in a code affirmed by the manufacturer, when|tHe code:

Des not repeat in less than 20 years, and

pes not require reference to the production records efthe manufacturer to det
nit was manufactured.

68.2.2 With fleference to the requirement in 68.2.1(c) the symbols described in (a) — (c) are

from being u

a) A
minu

b) A
mark|
supp
seco
mark|

bed for markings:

circuit intended to be connected to asdirect-current supply shall be identified b
5 markings and the symbol illustrated in Figure 68.1. See 68.2.3.

circuit intended to be connected to an alternating-current supply shall be iden
ngs indicating that the supply shall be alternating current. The markings shall
y-circuit frequency or supply-circuit frequency-range rating (cycles per second
nd, hertz, c/s, cps, ot Hz). The symbol illustrated in Figure 68.2 is an example
ng. See 68.2.3.

c) The number ofiphases shall be indicated when the unit is designed for use on g

circu

t. The symbol illustrated in Figure 68.3 is an alternative for the word "phase.”

e code when

n a nationally

ermine when

hot prohibited

y plus and

ified by

include the
cycles/

of this

polyphase
See 68.2.3.
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Figure 68.1
Direct current symbol

IECS031

IEC publication $0417 DB, Symbol 5031

Figure\68.2
Alternating.eurrent symbol

IEC5032

IEC Publication 60417 DB, Symbol 5032
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Figure 68.3
Phase symbol

SMo18

68.2.3 Wherge the symbol referenced in 68.2.2 (a), (b), or (c) is used, the information
69.1.4(h) shgll be provided.

68.2.4 When a unit is produced or assembléd-at more than one factory, each unit shall hav
marking — whiich is not prohibited from being-in code — by which it is identified as the product
factory.

68.2.5 The gperating positions ©fia handle, knob, or other means intended for manual opg
user shall be|marked.

68.2.6 Wiring terminalsSshall be marked to indicate the proper connections for the unit
diagram codgd to the~terminal marking shall be securely attached to the equipment.

68.2.7 Equipment field-wiring terminals shall be marked:

described in

b a distinctive
Of a particular

bration by the

, Oor a wiring

a) "Use Copper Conductors Only” when the terminal is intended only for connections to copper

wire.

b) "Use Aluminum Conductors Only” or "Use Aluminum or Copper-Clad Aluminum
Only” when the terminal is intended only for connection to aluminum wire.

Conductors

c) "Use Copper or Aluminum Conductors” or "Use Copper, Copper-Clad Aluminum, or
Aluminum Conductors” when the terminal is intended for connection to either copper or

aluminum wire.
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68.2.8 In accordance with 19.15, a pressure wire connector intended for connection of an
equipment-grounding conductor shall be identified by:

a) "G,”" "GR,” "GND,"” "Ground," "Grounding,” or similar wording,
b) A marking on a wiring diagram attached to the unit, or
¢) The symbol illustrated in Figure 68.4 on or adjacent to the connector or on a wiring diagram

provided on the unit. See 68.2.10.

Figure 68.4
Symbol for equipment grounding conducior

IEC Publication 0417 DB, Symbol 5019

68.2.9 With feference-to 68.2.8(c), the following requirements apply when the symbol illustrated in Figure
68.4 is used:

a) Thevinformation described in 69.1.4(h) shall be provided in the instruction manual, and

b) The symbol is be used for identifying only the field wiring equipment grounding terminal.
However, a symbol as shown in Figure 68.4 except with the circle omitted, is an alternate way
for identifying various points within the unit that are bonded to ground.

Exception: When the symbol illustrated in Figure 68.4 is used with one of the other means of
identification specified in 68.2.8 (a) and (b), the information is not required to be provided.


https://ulnorm.com/api/?name=UL 2200 2015.pdf



