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INTRODUCTION
1 Scope

1.1 These requirements cover portable, stationary, and fixed high-pressure cleaning machines in which
the discharge line is hand supported and manipulated, and intended for household, farm, or
commercial/industrial applications.

1.2 The electrical products covered by these requirements are intended for use in ordinary locations and
for connection to branch circuits rated 600 volts or less in accordance with the National Electrical Code,
NFPA 70.

1.21 Thesje requirements also cover portable rechargeable battery-powered high presgure cleaning
machines fof indoor or outdoor use with rechargeable non-user and user-replaceahblé batteries; see
Appendix B.

1.3 These fequirements do not cover:

a) High-pressure water cutting or cleaning products developing. nozzle pressure and flow rates in
excegs of those for a Type 4 pressure cleaning machine as spegified in 2.2.33A,

b) Praducts employing universal motors rated more than 250 volts,

c) Sand blasters or other products using cleaning solutions containing insoluble particllates,

d) Products that develop steam within a heated~Vessel or are connected to an extefnal source of
stean, and

e) Carpet cleaners, dishwashers, clothes-washing machines, water-picks, and other|products that
are covered under separate requirements.

1.4 A coinfoperated product is investigated under these requirements and under such additional
requirementg as are applicable to the‘product under consideration.

2 Glossary
2.1 Genergl

2.1.1 For the purpose of this standard, the following definitions apply.

2.2 All protiuets

2.2.1 ALUMINUM COATED STEEL — An aluminum coated steel in which the bond between the steel and
the aluminum is an iron-aluminum alloy.

2.2.2 AUTOMATICALLY CONTROLLED PRODUCT — A product is considered to be automatically
controlled if:

a) The repeated starting of the product, beyond one complete predetermined cycle of operation to
the point where some form of operating control opens the circuit, is independent of any manual
control;

b) During any single predetermined cycle of operation, the motor is caused to stop and restart one
or more times;
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¢) Upon energizing the product, the initial starting of the motor may be intentionally delayed beyond
normal, conventional starting; or

d) During any single predetermined cycle of operation, automatic changing of the mechanical load
may reduce the motor speed sufficiently to reestablish starting-winding connections to the supply

circuit.

2.2.3 BASE - The main supporting frame or structure of the assembly, exclusive of legs or wheels.

2.2.4 BYPASS (UNLOADER or PRESSURE REGULATING) VALVE — A valve used on the discharge
side of a pump that will open automatically at a predetermined differential pressure so as to direct part or
all of the pump discharge back to the supply tank or pump inlet. It may be provided as part of a pump

assembly, or
installation. T
or pressure a

225 COMH

it may be a separate valve that is piped into the pump discharge system

anozzle.

the time of

he valve may be manually set in a partially opened position to control flow'through a nozzle

USTIBLE MATERIAL — Material made of or surfaced with wood{ 'compressed paper, plant

fibers, or oth¢r material that will ignite and burn. Such material shall be considered as combpustible even

though flame

2.2.6 CONT
temperature,

2.2.7 CONT

2.2.8 CONT|
used in conju
orinjury to pe

2.2.9 DIFFE
between the

2210 ELE

a) HIG
circuit

b) LO
curren

broofed, fire-retardant treated, or plastered.

ROL, LIMIT — A safety control responsive to changes in liquid level,

ROL, REGULATING (OPERATING) — A control, other than a safety control or in

ROL, SAFETY - Automatic controls, including relays, switches, and other aux
hction therewith to form a safety controlisystem, that will reduce the risk of fire, e
rsons during operation of the product.

RENTIAL PRESSURE - The difference in pressure, measured at the dis
alue obtained with the product operating and after shutdown.

CTRICAL CIRCUITS %<

H-VOLTAGE CIRCUIT — A circuit involving a potential of not more than 600 volf
characteristics, in excess of those of a low-voltage circuit.

WW-VOLTAGE CIRCUIT — A circuit involving a potential of not more than 30 vol
t (42%4-peak) or direct current and supplied by a primary battery or by a stan

transfq

brmer” or by a combination of a transformer and a fixed impedance h

ressure, or

hormally set beyond the intended operating range of‘the product to limit its operation.

terlock.

liary devices
ectric shock,

charge port,

s and having

Is alternating
dard Class 2
bving output

A Ao

O p1rel vV cl Co 10T cl cl O Cl

derived from

a source of supply classified as a high-voltage circuit, by connecting resistance in series with the

221

supply circuit as a means of limiting the voltage and current, is not considered to be a low-voltage
circuit.

c) SAFETY-CONTROL CIRCUIT — A circuit involving one or more safety controls.

GUN — A hand-held mechanical device used to control and direct cleaning fluid flow.

2.212 HANDLES -

a) GUIDING HANDLE — The handle by which the operator supports the least percentage of product
weight when the product is in use, transported, or both. This includes the handle of a hand-
supported nozzle, lance, or wand.
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b) SUPPORT HANDLE — The handle by which the operator supports the greatest percentage of
product weight when the product is in use, transported, or both. This includes the handle of a
pushcart mounted product, or any handle used to transport the product.

2.2.13 HAZARDOUS FLUID — A gas or liquid considered to be highly corrosive or toxic, for example, a
strong acid or alkali, ammonia, or perchlorethylene.

2.2.14 HORSEPOWER, HYDRAULIC — A measure of hydraulic power developed by a product and
calculated by multiplying the flow rate (gpm) by the fluid pressure (psig) as measured at the discharge

nozzle and dividing by the constant 1714.

2215 INJ

2.2.16 INT
and to furnis

2.217 LAN

2218 MA
limited by a d

2.219 NOH
its intended
instructions

2.2.20 NO4
nozzle restri
resulting voly

2.2.21 NOZ
the discretior
accomplish n

2.2.22 PRC

2.2.23 PR(Q
plug for conn
being carried
are intended

RLOCK — A switch or control intended to monitor the physical state of.a requ
an indication of that state to a safety-control circuit by means of a switch lcontag

CE — Tubing or piping used to extend the nozzle.

IMUM GOVERNED SPEED — The maximum speed anc¢engine is capable 0
overnor or other means, and set by the manufacturer of the engine.

RMAL USE AND MAINTENANCE — Those actions. pefformed in application of {
purpose, or for the product's continued operation, in accordance with the
rovided by the manufacturer with each product.

ZLE — A device with one or more openings for discharge of the fluid from t

cts the fluid flow in order to obtain_the desired pressure, velocity, spray patt
me of flow.

ZLE CONTROL — The portion-of a system controlling discharge of solution from
of the operator. The flow of'solution from the pump may be stopped, bypassed,

0zzle control.

DUCT, FIXED ~ A_product intended to be electrically connected in a permanent

DUCT, PORTABLE — A product provided with a length of flexible cord and 4

liquid or air.

red condition
t closure.

f attaining as

he product to
ise and care

he system. A
brns, and the

the nozzle at
or diverted to

manner.

n attachment

ection_to the power supply and capable of being carried or conveyed, or that is mot capable of

, butiis®mounted on wheels and can be readily moved. This does not include p
to befastened in place or located in a dedicated space.

oducts which

2.2.24 PRODUCT, REMOTELY CONTROLLED — A product that is out of the sight of the operator who is
at the starting device.

2.2.25 PRODUCT, STATIONARY - A cord-connected product that is intended to be fastened in place or
located in a dedicated space.

2.2.26 RATED PRESSURE — The minimum and maximum operating pressures recommended by the
manufacturer of the product.

2.2.27 READILY ACCESSIBLE - Capable of being reached easily and quickly for operation or
adjustment without the use of a tool.
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2.2.28 REGULATED PRESSURE — The minimum and maximum operating pressures obtainable by
adjustment of the pressure-regulating valve.

2.2.29 RELIEF SYSTEM — An automatic pressure-actuated device or system used to relieve excess

pressure.

2.2.30 RELIEF VALVE — A valve that will open at a predetermined differential pressure to limit the
pressure developed in the system. The valve may relieve to atmosphere.

2.2.31

(690 kPa) or less as measured at the discharge nozzle.

TYPE 1 PRESSURE CLEANING MACHINE — A machine developing fluid pressure of 100 psig

2232 TYP
horsepower 1
greater than 3

2.2.33 TYP
horsepower g
at the discha
than 23 horse

2.2.33A TYI
an electric or
fluid pressurg
pressure grea

2234 THE

F 2 PRESSURE CLEANING MACHINE - A cleaning machine developi
ot greater than 8 horsepower and fluid pressure greater than 100 psig(0:69 N
200 psig (22.06 Mpa), as measured at the discharge nozzle.

F 3 PRESSURE CLEANING MACHINE - A cleaning machine developi
reater than 8 horsepower or fluid pressure greater than 3200.psig (22.06 MPa)
'ge nozzle. However, the cleaning machine shall not develop/hydraulic horsep
power or fluid pressure greater than 5000 psig (34.48 MPa) in any case.

PE 4 PRESSURE CLEANING MACHINE — A cold-water cleaning machine not g
fuel fired heat exchanger, developing hydraulicchorsepower greater than 23 h

greater than 5000 psig (35 MPa). However<the cleaning machine shall not
ter than 30,000 psig (206.8 MPa) in any case!

RMOSTAT — An automatic control that is actuated by temperature changs

maintain temperatures between predetermined limits.

2.2.35 VAL\
maintaining a

2.2.36  WAN
constructed o

E, LUBRICATED-PLUG TYPE — A valve of the plug and barrel type co
lubricant between the bearing surfaces.

D — Tubing or pipingrused to extend the nozzle. A wand is similar to a lance
f a lighter material.

2.3 Fuel-fir

2.31

d products

AIR §SHUTTER - An adjustable device that varies the size of the air inlet, or inle

ng hydraulic
IPa), but not

ng hydraulic
as measured
ower greater

quipped with
brsepower or
develop fluid

in order to

hstructed for

, but usually

s, regulating

primary or se¢ondary air.

2.3.2 AIRSHUTTER, AUTOMATICALLY OPERATED - An air shutter operated by an automatic control.

2.3.3 AIR SHUTTER, MANUALLY OPERATED — An air shutter that is manually set and locked in the
desired position.

2.3.4 ANTIFLOODING DEVICE - A primary-safety control that causes the fuel flow to be shut off upon a
rise in fuel level or upon receiving excess fuel, and that operates before the unintended discharge of fuel
can occur.

2.3.5 BURNER

a) AUTOMATICALLY-LIGHTED — A burner in which fuel to the main burner is turned on and ignited
by action of the automatic control.
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b) GAS — A device for the final conveyance of the gas, or a mixture of gas and air, to the
combustion zone.

¢) MANUALLY-LIGHTED — One in which fuel to the main burner is turned on only by hand and
ignited under supervision.

d) MECHANICAL-ATOMIZING TYPE — A power-operated burner that prepares and delivers the oil
and all or part of the air by mechanical process in controllable quantities for combustion. Some
examples are air and steam atomizing, high- and low-pressure atomizing, horizontal rotary, vertical
rotary atomizing, and vertical rotary wall-flame burners.

e) MECHANICAL-DRAFT TYPE — A burner that includes a power-driven fan, blower, or other

mech

f) NAT
flue tq

g) VA
liquid
fuel, v

2.3.6 BURN
contains the

2.3.7 COM
light. Complg

2.3.8 COM

239 COM
flame proper|

2.3.10 CON

oxygen of the air, including the inerts; but excluding excess air.

2.3.11 CON
temperature.

2.3.12 CON
the burner.

nism as the nrincinal means for sunnlving air far combustion
1 1 L aP ALRN T

'URAL-DRAFT TYPE — A burner that depends principally upon the natural-draft
induce into the burner the air required for combustion.

PORIZING TYPE — A burner consisting of an oil-vaporizing bowl ofiother recep
fuel may be fed in controllable quantities; the heat of combustion‘being used tq
vith provision for admitting air and mixing it with the oil vapor in.\cembustible prop

NER HEAD, GAS - That portion of a burner beyond/the“outlet end of the m
ports.

BUSTION — The rapid oxidation of fuel accompanied by the production of hea
te combustion of a fuel is possible only in the,presence of an adequate supply o

BUSTION CHAMBER - The portion of.aproduct in which combustion occurs.
BUSTION DETECTOR - That part of a primary-safety control that is respons
ies.

IBUSTION PRODUCTS_+ Constituents resulting from the combustion of a

DENSATE - The liquid that separates from a gas, including flue gases, due to

ISTANT-FEVEL VALVE — A device for a constant level of fuel within a reservoir

created in the

acle to which
vaporize the
ortions.

xer tube that

, or heat and
oxygen.

ve directly to

fuel with the

A reduction in

for delivery to

2.3.13 CONTROL INPUT, COMBUSTION — A control that automatically regulates the firing rate at
predetermined air-fuel ratio in accordance with load demand. It may be a type that positions the air and
fuel supplies for low fire and for high fire as required to meet the load demands, or it may be a modulating
type that gradually varies the air and fuel supplies within limits to meet the load demand.

2.3.14 CONTROL, PRIMARY SAFETY, COMBUSTION SAFEGUARD - A control that responds directly
to flame properties, sensing the presence of flame and, in event of ignition failure or unintentional flame
extinguishment, causing safety shutdown.

2.3.15 CONTROL, PRIMARY SAFETY — The automatic safety control intended to prevent abnormal

discharge of

fuel at the burner in case of ignition failure or flame failure.

2.3.16 EXCESS AIR - Air that passes through the combustion chamber and the product flues in excess
of that theoretically required for complete combustion.
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2.3.17 FLAMMABLE FLUID — A gas or liquid considered to be flammable or combustible, such as
acetylene, petroleum base hydraulic oil, fuel oil, gasoline, kerosene, or similar petroleum product,
liquefied-petroleum gas (LP-Gas), or manufactured or natural fuel gas.

2.3.18 FLUE COLLAR - The portion of a product that is constructed for attachment of the chimney or
vent connector.

2.3.19

2.3.20

FLUE GASES — Combustion products and excess air.

AWl N

FUEL OIL — Any hydrocarbon oil as defined by Specifications for Fuel Oils, ANSI/ASTM D396-80.

2321 GAS

2.3.22 HEA
chamber of tH
such as stea
combustion a

2.3.23 HEA
such as stes
contained in g

2.3.24 HEA
medium to be

2.3.25 IGNI
throughout th

2.3.26 IGNI
throughout th

2.3.27 IGNI
time the main

2.3.28 IGNI
to the pilot is

2.3.29 LININ
exposed to cq

VLINT = Thc P;p;l IH ol Id ﬂtt;l IHD fUI CUI IVGy;I IH ﬂuc UGOCO tU thc UUtO;dU GtIIIUD}Jh
| EXCHANGER, DIRECT — A heat exchanger in which heat generated\in ‘the
e product is transferred directly through walls of the heat exchanger to the hez
m or water, held in close contact with the combustion-chamber walls."It is a s
hd heat-transfer device.

I EXCHANGER, INDIRECT - A heat exchanger that encloses’or contains a he
m or water, the heat from which is transferred to arnother heating mediu
lose contact with or directed through the heat exchanger.

[ING SURFACES — All surfaces that transmit heat directly from flame or flue
heated.

TION, CONTINUOUS - Ignition by an “energy source that is continuously
b time the burner is in service, whether,the main burner is firing or not.

TION, INTERMITTENT - Ignition by an energy source that is continuously
b time the burner is firing.

TION, INTERRUPTED — Ignition by an energy source that is automatically en
burner is fired andsubsequently is automatically shut off during the firing cycle.

TION, MANUAL™= Ignition by an energy source that is manually energized and w
ighted automatically when the ignition system is energized.

G, COMBUSTION CHAMBER - The interior surfaces of a combustion chan
mbustion during use of the product.

b

pre.

combustion
ting medium
elf-contained

ing medium
separately

gases to the

maintained

maintained

brgized each

here the fuel

hber that are

2.3.30 LIQUEFIED-PETROLEUM GAS (LP-GAS) — Fuel gases, including commercial propane,
predominantly propane or propylene or commercial butane, predominantly butane, isobutane, and
butylene, or both.

2.3.31

LP-GAS AIR MIXTURE - Liquefied-petroleum gases distributed at relatively low pressures and

normal atmospheric temperatures that have been diluted with air to produce desired heating value and
utilization characteristic.

2.3.32 MAIN BURNER FLAME-ESTABLISHING PERIOD — The interval of time the main burner fuel
safety-shutoff valves are permitted to be open before the primary-safety control is required to supervise
the main burner flame.

2.3.33 MANIFOLD, GAS BURNER - The conduit of a product that supplies gas to the individual burner.
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2.3.34 MIXER, GAS - The combination of mixer head, mixer throat, and mixer tube.

a) MIXER HEAD - That portion of an injection type burner, usually enlarged, into which primary air

flows

to mix with the gas stream.

b) MIXER THROAT — That portion of the mixer that has the smallest cross-sectional area and that
lies between the mixer head and the mixer tube.

c) MIXER TUBE - That portion of the mixer that lies between the throat and the burner head.

2.3.35 MIXER FACE, GAS — The air inlet end of the mixer head.

2.3.36 ORI
through whic

2.3.37 ORI
gas by the ch

2.3.38 ORI
flow of gas ¢
respect to it.

2.3.39 PILC

2.3.40 PILC
assembly is j

2.3.41 PILCQ
a proved pilo

2.342 PILG
is in service
expanded so
for-ignition p

2.3.43 PIL(Q
The pilot bur

e opening In a ;
h the gas is discharged to a burner.

-ICE CAP (HOOD) — A movable fitting having an orifice that permits agjustment
anging of its position with respect to a fixed needle or other device

-FICE SPUD — A removable plug or cap containing an orificexthat permits adju
ither by substitution of a spud with a different sized orifice<orby the motion of

DT — A flame that is utilized to ignite the fuel at the main burner or burners.

h service, whether the main burner is firing(or not.

DT FLAME-ESTABLISHING PERIOD< The length of time fuel is permitted to b
t before the flame-sensing device-is required to detect pilot flame.

DT, EXPANDING — A pilot.that'burns at a low turndown throughout the entire tir
whether the main burfer'is firing or not. Upon a call for heat, the pilot is
as to ignite the main.burner as intended. This pilot may be turned down at the e
eriod for the main burner.

DT, INTERMITTENT — A pilot that is automatically lighted each time there is 4
s duringtheentire period that the main burner is firing.

2.3.44 PILC

pilot fuel is cyitoff automatically at the end of the main burner flame-establishing period.

DT, INTERRUPTED — A pilot that is automatically lighted each time there is a cal

js limited and

of the flow of

stment of the
A needle with

DT, CONTINUOUS — A pilot that burns without turndown throughout the entire timne the burner

e delivered to

ne the burner
automatically
nd of the trial-

call for heat.

for heat. The

2.3.45 PILOT, PROVED - A pilot flame supervised by a primary-safety control that senses the presence
of the pilot flame prior to permitting the main burner fuel to be delivered for combustion.

2.3.46 PRIMARY AIR — The air introduced into a burner that mixes with the fuel before it reaches the
ignition zone.

2.3.47 PRODUCT, FLUE — The flue passages within a product.

2.3.48 PUMP, AUTOMATIC OIL — A pump, not an integral part of a burner, that automatically pumps oil
from the supply tank and delivers the oil by gravity under a constant head to an oil-burning product. The
pump is intended to stop pumping automatically in case of total breakage of the oil-supply line between the
pump and the product.
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2.3.49 PUMP, OIL-TRANSFER — An oil pump, automatically or manually operated, that transfers oil
through continuous piping from a supply tank to an oil-burning product or to an auxiliary tank, and that is
not intended to stop pumping automatically in case of total breakage of the oil supply line between the
pump and the product.

2.3.50 PURGE - To introduce air into the combustion chamber and the product flue passages in such

volume and manner as to completely replace the air or gas-air mixture contained therein.

2.3.51
adjacent obje

2.3.52 REG
pressure.

2353 RES
extinguishme

2.3.54 SAF

means of a safety control or controls such that restart cannot be accomplished without manua

2355 SEC

2.3.56 STR
upstream fror

2.3.57 STR
fuel line betw

2.3.58 TRIAL-FOR-IGNITION PERIOD — That period of time the main burner fuel is pe

delivered into|

2.3.59 VAL
to a burner.

2.3.60 VALV
completely tu

2.3.61
supply.

VALV

cts to reduce heat transmission by radiation.

PONSE TIME - FLAME FAILURE - The interval between the,.oceurren

ht and de-energizing the safety shutoff means.

ETY SHUTDOWN — The action of shutting off all fuel and ignition energy to th

DNDARY AIR — The air externally supplied to the flame'at or beyond the point of]

AINER, PRIMARY — The strainer through whichzall oil first passes on way to
n any other strainer.

AINER, SECONDARY - A strainer downstream from the primary strainer, inte
ben the primary strainer and the pointiat' which fuel is delivered for combustion.

the ignition zone before themain flame-sensing device is required to detect mai

E, BURNER-INPUT,CONTROL — An automatic-control valve for regulating the

E, MANUALUEL SHUTOFF — A manually operated valve in the fuel line for th
ning on orshutting off the fuel supply.

E, FUEL CONTROL — An automatically or manually operated device for contr

RADIATION SHIELD — A separate panel or panels interposed between heating surfaces and

ofm outlet gas

ce of flame
e product by
| reset.
ignition.
burner, being

posed in the

mitted to be

n flame.

input of fuel

€ purpose of

lling the fuel

a) METERING (REGULATING) VALVE — A fuel control valve for regulating burner input.

b) SAFETY VALVE — A normally closed valve of the on and off type, without any bypass to the
burner, that is actuated by a safety control or by an emergency device.

2.3.62 VALVE, SAFETY SHUTOFF — A valve that is automatically closed by the safety control system or
by an emergency device. Such valve may be of the automatic or manually opened type.

2.3.63 ZERO GOVERNOR - A regulating device that is normally adjusted to deliver gas at atmospheric

pressure with

in its flow rating.
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3 Components

3.1

Except as indicated in 3.2, a component of a product covered by this standard shall comply with the

requirements for that component. See Appendix A for a list of standards covering components generally

used in the p

roducts covered by this standard.

3.2 A component is not required to comply with a specific requirement that:

a) Involves a feature or characteristic not required in the application of the component in the
product covered by this standard, or

b) Is superseded by a requirement in this standard.

3.3 A comy
use.

3.4 Specifig
capabilities.
temperatures

4 Units of Measurement

4.1 Values
approximate

4A Undated References

4A.1 Any u
be interprete

4A.2 The fq
ASTM E1571
EN 1829-1, A

EN 1829-2,
connectors —

onent shall be used in accordance with its rating established for the intended

components are incomplete in construction features or restricted in
Such components are intended for use only under limited conditions, sud
not exceeding specified limits, and shall be used only under, those specific cong

stated without parentheses are the requirement. Values in parentheses are €
information.

hdated reference to a code or standard appearing in the requirements of this 3
i as referring to the latest edition(of that code or standard.

llowing publications are referenced in this Standard:
, Standard Practice.for Pressure Water Cleaning and Cutting
ligh pressure water jet machines — Safety requirements — Part 1: Machines

{High pressure water jet machines — Safety requirements — Part 2: Hoses, h
incorporating corrigendum

conditions of

performance
h as certain
itions.

xplanatory or

tandard shall

bse lines and

5 Accesso

51
product shall

ries

be included in the investigation of the product.

A functional accessory that is made available or recommended by the manufacturer for use with a

6 Instructions

6.1 Operating and installation instructions, or equivalent information, shall be provided with each
product. These instructions are to be used as a guide in the examination and test of the product and for
this purpose a final-printed edition is not required.

6.2 The instructions shall include such directions and information as deemed necessary by the
manufacturer for the proper installation, maintenance, and use of the product. See Instruction Manual,
Sections 114 - 117.
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CONSTRUCTION — ALL PRODUCTS
7 Assembly

7.1

A product shall include all of the components necessary for its intended function and installation, and

shall be furnished as a complete assembly. The product may be shipped as two or more subassembilies.

7.2 The product shall be constructed so that parts can be reassembled in the intended manner after

being dismantled to the extent needed for user servicing.

7.3 A product shaII be formed and assembled s0 that it will have the strength and r|g|d|ty
resist the ab Ses ay—be : - . .

relationship tp each other for the intended installation or operation of the\product shall be 3
constructed go that they may be incorporated into the complete assembly only in the correc

necessary to
f fire, electric
, malfunction

bassemblies.
ting, drilling,
par a definite
rranged and
t relationship

with each other and without need for alteration or alignment, or such’ subassemblies shall b¢ assembled,

tested, and shipped from the factory as one unit.

7.5 With reference to 7.4, portions of a product considered:te’constitute major subassemblie

a) Hegt exchanger, including its base, heating chamber, casing, and safety controls;

b) Burher or heating element;

¢) Pump; and

d) Engine or motor not included-as-part of the pump.
7.6 A prod(
installation in
accomplish ir

ct intended to be mounted on a wall or ceiling shall be provided with mean
accordance with the instructions provided by the manufacturer. Any specific pa
stallation shall be provided with the product.

7.7 A radiatjon shield or baffle employed to prevent temperatures in excess of those intende

a) Assembled as part of the product,

S are:

5 to facilitate
ts needed to

d shall be:

b) Part of a subassembly that must be attached to the product for its intended operation, or

c) Constructed so that the machine cannot be assembled for operation without first attaching a

required shield or baffle in its intended position.
8 Materials
8.1

General

8.1.1
of the part will result in a risk of injury to persons.

A part in contact with the fluid to be handled shall be resistant to the action of the fluid if malfunction


https://ulnorm.com/api/?name=UL 1776 2023.pdf

OCTOBER 19, 2023 UL 1776 21

8.2 Fluid-confining parts

8.2.1 Fluid-confining and operating parts of a product that may malfunction so as to allow leakage or
introduce a risk of injury to a person, shall have the strength and durability to permit normal operation of
the parts and the assembly.

8.2.2 With reference to the requirements in 8.2.1, a material of a fuel-confining or operating part shall
have a melting point (solidus temperature) of not less than 510°C (950°F) and a tensile strength of not less
than 10,000 psig (69 MPa) at 204°C (400°F).

Exception: This requirement does not apply to a valve disc or soft seat, an epoxy seal, a seal ring, a

diaphragm,

8.2.3 A brg
point (solidug

ragasket
g -

temperature) of not less than 538°C (1000°F).

8.3 Nonmetallic materials

8.3.1 Amor
mechanical

temperatures
to be evaluatf

g the factors to be considered when judging the acceptability of a nonmetalli
strength, resistance to impact, moisture absorption,) combustion, and
to which the material is to be subjected under conditiohs of normal use. All the
ed with respect to aging. See 11.6.

8.3.2 A nopmetallic enclosure, frame, guard, or similar parts, in which breakage or dete

result in aris
49.

k of injury to persons shall comply with the~téquirements for Enclosures and GU

8.3.3 A nommetallic fuel tank shall comply with the requirements for fuel tanks specified

104.6.3, as 3
8.4 Requir
8.4.1 Mech

8411 Al
burst pressu

8.4.1.2 For
and 30,000

pplicable.
bments for hose assemblies of Type 4 cleaning machines
anical requirements

parts of a hose assembly as well as the connectors and the hose itself shall not
e specifiedby the manufacturer.

hose\assemblies with maximum allowable working pressure between 5000 (
psig (206.8 MPa) the burst pressure shall be at least 2.5 times the maxim

zing material used for joining fluid-confining parts for LP-Gas service shall’have a melting

material are
distortion at
se factors are

rioration may
ards, Section

fail under the

sig (35 Mpa)
um allowable

working pres

8.4.2 Thermal requirements for hose assemblies of Type 4 cleaning machines

8.4.2.1
Compliance i

8.4.3 Requ

8.4.3.1

s determined by the Cold Bend Test of 66A.2.

irements for tensile strength of hose assemblies

The hose shall be suitable for operating temperatures above -10 °C and below +70 °C.

The pressure hose shall withstand a tensile force equivalent to that generated by a pressure

equal to 1.5 times the maximum allowable working pressure or 225 pound force (1000 N), whichever is

lower. Compl

iance is determined by the Tensile Test of 66A.4.


https://ulnorm.com/api/?name=UL 1776 2023.pdf

22 UL 1776 OCTOBER 19, 2023

8.4.4 Requirements for loosening of connectors

8.4.4.1 The design shall prevent unintended loosening of connectors while the hose assembly is under
pressure. If adequate mechanical measures are not possible, the manufacturer shall provide appropriate
warnings and instructions.

NOTE: For maximum allowable working pressure under 7250 psig (50 MPa), standard hydraulic connectors are considered to satisfy
this requirement. Pin-lock nuts (swivel nuts which are fixed with a stainless steel pin) at connectors are only permissible up to 7250
psig (50 MPa) maximum allowable working pressure.

9 Protection Against Corrosion

9.1 Iron ang
or other equi
shock, or inju

Exception No

protected against corrosion if the oxidation of the metal due to the exposure‘to air and m

appreciable.

Exception No
such as wash

9.2 If deteri
electric shock
used therein.

9.3 Metals
deterioration

9.4 Hinges and other attachments shall.bé resistant to corrosion or protected as specified in

9.5 Each s}
protected ag
coatings that

Exception: TH
for compliand

steel parts shall be protected against corrosion by enameling, galvanizing, plat
valent means, if corrosion of such unprotected parts could result in a risk ,of
'y to persons.

1. Surfaces of sheet-steel and cast-iron parts within an enclosure’may not be n
[ he thickness of metal and temperature are also to be considered.

2: This requirement does not apply to bearings, laminations, or minor parts of]
ers, screws, and similar parts.

bration of a liquid container provided as a part'of a product would result in a
, the container shall be of a material that is resistant to corrosion by the liquid ir

and alloys shall not be used in combinations that cause galvanic action thg
br corrosion of cabinets or enclosures.

eet steel cabinet and electrical enclosure exposed to the effects of weathe
binst corrosion bywthe means specified in Table 9.1 or by other metallic o
have been shown to give equivalent protection.

is requirentent does not apply to a metal part, such as a decorative grille, that ig
e with the’requirements of this standard.

ing, painting,
fire, electric

equired to be
Disture is not

iron or steel,

risk of fire or
tended to be

t can cause

9.1.

ring shall be

nonmetallic

not required

Table 9.1
Corrosion protection
Type of cabinet and enclosure No. 16 MSG/GSG and heavier? Lighter than No. 16 MSG/GSG?
Outer cabinet that protects motors,
wiring, or enclosed current-carrying parts See 9.6 See 9.7
Inside enclosure that protects current-
carrying parts other than motors See 9.6 See 9.7
Outer cabinet that is the sole enclosure
of current-carrying parts See 9.7 See 9.7

@ See Table 11.1 and Table 11.2 for specified minimum thickness.

9.6 Where Table 9.1 references 9.6, a cabinet or enclosure exposed to weathering shall be provided with
one of the following coatings:
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a) Hot-dipped mill-galvanized sheet steel conforming with the coating Designation G60 or A60 in
Table | of ASTM Designation A653/A653M, Specification for Steel Sheet, Zinc-Coated (Galvanized)
or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process, as described in 9.9.

b) A zinc coating, other than that provided on hot-dipped mill-galvanized sheet steel, uniformly
applied on each surface to an average thickness of not less than 0.00041 inch (0.01041 mm) and
to a minimum thickness of 0.00034 inch (0.00864 mm). The thickness of the coating shall be
established by the Metallic-Coating-Thickness Test, Section 75. An annealed coating shall also
comply with the requirements in 9.10.

c) Two coats of an organic finish of the epoxy or alkyd-resin type or other outdoor paint on each
surface. (The acceptability of the paint is to be determined by consideration of its composition or by

H 4 'y H i+l pu | AY
corrogtonteststrineseareconstaereanecessary:)

9.7 Where [Table 9.1 references 9.7, a cabinet or enclosure exposed to weathering shall ‘beprovided with
one of the following coatings:

a) Hol-dipped mill-galvanized sheet steel conforming with the coating Designation GY0 in Table | of
ASTN Designation A653/A653M, Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-
Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process, as degsctibed in 9.9.

b) A kinc coating, other than that provided on hot-dipped<mill”galvanized sheet stgel, uniformly
appligd on each surface to an average thickness of not less than 0.00061 inch (0.01549 mm) and
to a minimum thickness of 0.00054 inch (0.01372 mm). An annealed coating shall alsp comply with
the rgquirements in 9.10.

¢) A gadmium coating not less than 0.001 inch (0:0254 mm) thick on both surfaces.

d) A zinc coating complying with 9.6 (a) orb) plus one coat of outdoor paint as spedified in item ¢
of 9.6/on each surface.

e) A ¢admium coating not less than 0.00075 inch (0.01905 mm) thick on both surfaces with one
coat ¢f outdoor paint on both_surfaces, or not less than 0.0005 inch (0.0127 mm) [thick on both
surfages plus two coats of outdoor paint on both surfaces. (The acceptability of the [paint is to be
determined by consideration- of the composition or by corrosion tests if these ane considered
necegsary.

Coating thichnesses specified in (b), (c), and (e) are to be established by the Metallic-Coating-Thickness
Test, Section[ 75.

9.8 With reference to 9.5, other finishes, including paints, special metallic finishes, and combinations of
the two may |[be.capable of being used when comparisons with galvanized-sheet steel (withgut annealing,
wiping, or other surface treatment) that complies with 9.6(a) or 9.7(a), as applicable, indicate they provide
equivalent protection. Among the factors to be taken into consideration when judging the equivalency of
such coating systems are exposure to salt spray, moist carbon dioxide-sulfur dioxide-air mixtures, moist
hydrogen sulfide-air mixtures, light and water.

9.9 The hot-dipped mill-galvanized sheet steel mentioned in 9.6 and 9.7 shall have not less than 40
percent of the zinc on any side, as determined by the minimum single spot test requirement in this ASTM
Designation. The weight of zinc coating shall be determined by any recognized method; however, where
results are in question, the weight of coating is to be established in accordance with the test method of
ASTM Designation A90-93. An A60 (alloyed) coating shall also comply with the requirements in 9.10.

9.10 A hot-dipped mill galvanized A60 (alloyed) coating or an annealed zinc coating that is bent or
similarly formed after annealing and that is not otherwise required to be painted shall be painted in the
bent or formed area if the bending or forming process damages the zinc coating. However, areas on the
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inside surface of a cabinet or enclosure into which water does not enter during the applicable water-spray
test specified in 84.5.1 — 84.6.1, need not be painted.

9.11 If flaking or cracking of the zinc coating at the outside radius of the bent or formed section is visible
at 25 power magnification, the zinc coating is determined to be damaged and shall be painted. Simple
sheared or cut edges and punched holes are not considered to be formed, but extruded and rolled edges
and holes shall conform with 9.10.

9.12 Nonferrous cabinets and enclosures may be employed without corrosion protection. The thickness
of the material is to be judged on the basis of its strength and rigidity.

10 Therma

Insulatina Material

10.1 Therm
be adversely

Al insulation shall be of such nature, and so located and mounted or suppérted, that it will not

bffected by the normal operation of the product.

10.2 Thermal insulation that is not rigid shall be mounted or supported so that'it will not s
may introducg a risk of fire, electric shock, or injury to persons.

g if sagging

r use at the
requirements
f the thermal
(929 square

10.3 Adhesive material employed for mounting thermal insulation shall be acceptable fq
temperature the adhesive may attain when the product is tested, in‘accordance with these
and at minus |17.8°C (0°F). Determination of the acceptability of@n*adhesive may be omitted
insulation is mechanically supported by at least one rivet, or:the equivalent, per square foot
cm) of material.

10.4 Combt
of the produc

stible or electrically conductive thermal insulation shall be spaced from uninsulgted live parts
in accordance with the requirementsfor dead metal parts specified in Spacings| Section 30.

10.5 Some jypes of mineral-wool thermal insulation contain conductive impurities in the form of slag that

make it not ¢
Following Hu

ELECTRICA
1"

Frame a

11.1

An end
normal use, it
that will result

pable of being used if in contact with uninsulated live parts. See Insulation-Re
idity Conditioning, Section:79.

L SYSTEMS AND DBEVICES
hd Enclosure

losure Shall be formed and assembled so that if abused during shipment, in
will have the strength and rigidity necessary to resist under abuse, a total or p3
in‘a‘reduction of spacings, loosening or displacement of parts, or other serious

sistance Test

stallation, or
rtial collapse
efects.

11.2 An enclosure for individual electrical components, an outer enclosure, or a combination of the two is
to be evaluated in determining compliance with 11.1.

11.3 An outer cabinet is to be investigated with respect to its size, shape, thickness of metal and
particular application. Sheet steel less than 0.026 inch (0.66 mm) thick if uncoated or 0.029 inch (0.74 mm)
thick if galvanized or of nonferrous sheet metal less than 0.036 inch (0.91 mm) thick shall not be used,
except for relatively small areas or for surfaces that are curved or otherwise reinforced.

11.4 Sheet metal for the enclosure of individual electrical components shall comply with the applicable
requirements in Table 11.1 or Table 11.2.
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Exception: An individual enclosure of metal thinner than that specified in Table 11.1 or Table 11.2, as
applicable, may be employed if the strength and rigidity of the outer enclosure and construction and
location of the individual component will not increase the risk of fire, electric shock, or injury to persons.

Minimum thickness of sheet metal for el-tla-aclt:)rlii;rgnclosures carbon steel or stainless steel
With supporting frame or equivalent
Without supporting frame? reinforcing?® Minimum thickness in inches (mm)
Maximum width,® | Maximum length,® | Maximum width,” | Maximum length, Uncoated Metal coated
Inches (cm) Inches (cm) Inches (cm) Inches (cm) (MSG) (GSG)
4.0 (19.2) Not limited 6.25 (15.9) Not limited 0.020°  (0.51) | (0.d23¢  (0.58)
4.75 (12.1) 5.75 (14.6) 6.75 (17.1) 8.25 (21.0) (24) (24)
6.0 (19.2) Not limited 9.5 (24.1) Not limited 0.026° (0:66) 0.429° (0.74)
7.0 (17.8) 8.75 (22.2) 10.0 (25.4) 125 (31.8) (318) (22)
8.0 (20.3) Not limited 12.0 (30.5) Not limited 0.032 (0.81) 0.034 (0.86)
9.0 (22.9) 11.5 (29.2) 13.0 (33.0) 16.0 (40.6) (20) (20)
125 (31.8) Not limited 19.5 (49.5) Not limited 0.042 (1.07) 0.045 (1.14)
14.0 (35.6) 18.0 (45.7) 21.0 (53.3) 25.0 (63-5) (18) (18)
18.0 (43.7) Not limited 27.0 (68.6) Not limited 0.053 (1.35) 0.056 (1.42)
20.0 (59.8) 25.0 (63.5) 29.0 (73.7) 36.0 (91.4) (16) (16)
22.0 (5%.9) Not limited 33.0 (83.8) Not limited 0.060 (1.52) 0.063 (1.60)
25.0 (63.5) 31.0 (78.7) 35.0 (88.9) 43.0 (109.2) (15) (15)
25.0 (63.5) Not limited 39.0 (99.1) Not limited 0.067 (1.70) 0.070 (1.78)
29.0 (73.7) 36.0 (91.4) 41.0 (104.1) 51.0 (129.5) (14) (14)
33.0 (8%.8) Not limited 51.0 (129.5) Not limited 0.080 (2.03) 0.084 (2.13)
38.0 (103.4) 47.0 (119.4) 54:0 (137.2) 66.0 (167.6) (13) (13)
42.0 (106.7) Not limited 64.0 (162.6) Not limited 0.093 (2.36) 0.097 (2.46)
47.0 (11.4) 59.0 (1499) 68.0 (172.7) 84.0 (213.4) (12) (12)
52.0 (132.1) Not limited 80.0 (203.2) Not limited 0.108 (2.74) 0.111 (2.82)
60.0 (192.4) 74.0 (188.0) 84.0 (213.4) 103.0 (261.6) (11) (11)
63.0 (160.0) Notlimited 97.0 (246.4) Not limited 0.123 (3.12) 0.126 (3.20)
73.0 (185.4) 90.0 (228.6) 103.0 (261.6) 127.0 (322.6) (10) (10)
@ A supporting frametis’a structure of angle or channel or a folded rigid section of sheet metal which is rigidly attachgd to and has
essentially the ame outside dimensions as the enclosure surface and which has sufficient torsional rigidity to resisf the bending
moments which may be applied via the enclosure surface when it is deflected. Construction that is considered to have equivalent
reinforcing may be accomplished by designs that will produce a structure which is as rigid as one built with a frame of angles or
channels. Construction considered to be without supporting frame includes:
1) single sheet with single formed flanges (formed edges),
2) a single sheet which is corrugated or ribbed, and
3) an enclosure surface loosely attached to a frame, for example, with spring clips.
® The width is the smaller dimension of a rectangular sheet metal piece that is part of an enclosure. Adjacent surfaces of an
enclosure may have supports in common and be made of a single sheet.
¢ For panels which are not supported along one side, for example, side panels of boxes, the length of the unsupported side shall be
limited to the dimensions specified unless the side in question is provided with a flange at least 1/2 inch (12.7 mm) wide.
9 Sheet steel for an enclosure intended for outdoor use shall comply with the requirements for outdoor equipment.
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Table 11.2

Minimum thickness of sheet metal for electrical enclosures aluminum, copper, or brass

Without supporting frame?® With supporting frame or equivalent reinforcing® Minimum
Maximum width®, Maximum length®, Maximum width®, Maximum length, thii::::::s,
Inches (cm) Inches (cm) Inches (cm) Inches (cm) (mm)
3.0 (7.6) Not limited 7.0 (17.8) Not limited 0.023¢
35 (8.9) 4.0 (10.2) 8.5 (21.6) 9.5 (24.1) (0.58)
4.0 (10.2) Not limited 10.0 (25.4) Not limited 0.029
5.0 (12.7) 6.0 (15.2) 10.5 (26.7) 13.5 (34.3) (0.74)
6.0 (15.2) Not limited 14.0 (35.6) Not limited 0.036
6.5 (16.5) 8.0 (20.3) 15.0 (38.1) 18.0 (45.7) (0.91)
8.0 (20.3) Not limited 19.0 (48.3) Not limited 0.045
9.5 (24.1) 11.5 (29.2) 21.0 (53.3) 250 (63.5) (1.14)
12.0 (30.5) Not limited 28.0 (71.1) Not limited 0.058
14.0 (35.6) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0) (1.47)
18.0 (45.7) Not limited 42.0 (106.7) Not limited 0.075
20.0 (50.8) 25.0 (63.4) 45.0 (114.3) 55.0 (139.7) (1.91)
25.0 (63.4) Not limited 60.0 (152.4) Not limited 0.095
29.0 (73.7) 36.0 (91.4) 64.0 (162.6) 78.0 (198.1) (2.41)
37.0 (94.0) Not limited 87.0 (221.0) Not limited 0.122
42.0 (106.7) 53.0 (134.6) 93.0 (236.2) 114.0 (289.6) (3.10)
52.0 (132.1) Not limited 123.0 (312.4) Not limited 0.153
60.0 (152.4) 74.0 (188.0) 130.0 (330.2) 160.0 (406.4) (3.89)
@ See item a of [lable 11.1
b See item b of [Table 11.1
¢ See item c of Jable 11.1
9 See item d of [Table 11.1

11.5 Sheet metal to.which a wiring system is to be connected in the field shall not be less than:

a) 0.0

B2.inch (0.81 mm) thick if uncoated steel,

b) 0.034 inch (0.86 mm) thick if galvanized steel, and

¢) 0.045 inch (1.14 mm) thick if nonferrous.

11.6 An enclosure of polymeric material shall comply with the applicable requirements in the Standard

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

11.6.1

When protectors are provided for compliance with the abnormal operation test but not relied upon

for overload protection as specified in 25.2, a stalled rotor test is conducted with the protector in the circuit
for 7 hours, and then the protector is shorted and the test continued until ultimate conditions are observed.
A manually reset protector is to be energized for 10 cycles of protector operation, with the protector being
reset quickly after it has opened the circuit.
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11.7 The enclosure of a remotely or automatically controlled product shall prevent molten metal, burning
insulation, flaming particles, or similar objects from falling on combustible materials, including the surface
upon which the product is supported.

11.8 The requirement in 11.7 will require that a switch, relay, solenoid, or similar parts be individually and
completely enclosed, except for terminals, unless it can be shown that malfunction of the component
would not result in a risk of fire, or there are no openings in the bottom of the product enclosure. It will also

necessitate the use of a barrier of noncombustible material:

a) Under a motor unless:

1) The structural parts of the motor or of the product provide the equivalent of such a

parrier,

2) The protection provided with the motor is such that no burning insulat
material falls to the surface that supports the product when the motoriis en¢
any of the following applicable fault conditions:

i) Open main winding;
ii) Open starting winding;
i) Starting switch short-circuited; and

iv) Capacitor of permanently-split capagitor motor short circuited — the
to be applied before the motor is energized, and the rotor is to be locke

3) The motor is provided with a thefmal motor protector — a protective ¢
sensitive to temperature and current* — that will prevent the temperature
windings from exceeding 125°C_(257°F) under the maximum load under wh
will run without causing the pretector to cycle and from exceeding 150°C (3(
rotor of the motor locked; or

4) The motor complies with the requirements for impedance-protected mo
temperature of the motor winding will not exceed 150°C (302°F) during the fir
operation with thewrotor of the motor locked.

on or molten
ergized under

short-circuit is
;
evice that is
of the motor
ich the motor
2°F) with the

tors, and the
5t 72 hours of

b) Unfer wiring, unless'it is marked VW-1 (FR-1).
11.9 The barrier specified in 11.8 shall be horizontal, shall be located as illustrated in Figure 11.1, and
shall not havie an-area less than that described in that illustration. Openings for drainage, ventilation, and

similar functi

bns.may be employed in the barrier, provided such openings would not permit

molten metal,

burning insul

ﬁnn, orsimilar nhjnn’re tofall on caombustible material

11.10 A door or cover of an enclosure shall be hinged or pivoted if it allows access to a fuse or any motor
overload protective device, the intended protective functioning of which requires renewal; or a protective

device, such

Exception: A

as the manual reset overload protective device.

hinged cover is not required if fuses of the following types are enclosed:

a) Fuses connected in low-voltage circuits;

b) Extractor-type fuses that have their own enclosures;

c¢) Control-circuit fuses, provided that the control-circuit loads (other than fixed loads, such as pilot
lamps) are housed in the same enclosure as the fuses; or


https://ulnorm.com/api/?name=UL 1776 2023.pdf

28 UL 1776 OCTOBER 19, 2023

d) Supplementary-type fuses rated 2 amperes or less used in small, auxiliary resistance heaters
having a rating of 100 watts or less.

Figure 11.1

Location and extent of barrier

SA0604

A — Region to be shielded by barrier. This will consist of the entire component if it is not otherwise shielded and will consist of the
unshielded portion of a component that is partially shielded by the component enclosure or equivalent.

B — Projection of outline of component on a horizontal plane.
C —Inclined line that traces out minimum area of barrier. The line is always
1) tangent to the component,

2) inclined 5 degrees from the vertical, and

3) oriented so as to trace out the maximum area on a horizontal plane.

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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11.11

shall be provided with an automatic latch or equivalent.

11.12 Compliance with the requirements of 11.11 may be achieved by use of:

A required hinged cover shall not depend solely upon screws or similar means to hold it closed, but

a) A spring latch, magnetic latch, dimple, or equivalent mechanical arrangement that will hold the

door i

n place and requires some physical effort on the user's part to open, or

b) A cover interlocking mechanism, as described in 11.13 and provided as the sole means for
securing the cover or panel.

11.13

An interlocking mechanism is considered to comply with the requirements in 11.12 if it:

a) Se
b) Mu
11.14 Ado

closely again
length of fou

cures the cover in the closed position when engaged, and

st be engaged before parts in a high-voltage circuit can be energized.

br or cover that provides direct access to a fuse in other than a lew-voltage cir
st a 1/4-inch (6.4-mm) rabbet or the equivalent, or shall have.gither turned flang
r edges or angle straps fastened to it. Flanges or angle straps shall fit close

outside of the¢ wall of the box and shall overlap the edges of the box by(hot less than 1/2 inch

construction
flange and rz

11.15 A stri

a) Se
strip 4

b) Sp
11.16 A co
features, for

removing thg

11.17 To dg

affording equivalent protection is also capable of being used (for example, a ¢
bbet or a construction that locates the fuse enclosure\within an outer enclosure)

p used to provide rabbets or an angle strip fastened to the edges of a door shall

cured at not less than two points not more than 1-1/2 inches (38 mm) from eac
nd,

hced between the end fastenings-not more than 6 inches (152 mm) apart.

rd-connected product that:isS_provided with keyhole slots, notches, hanger ho
hanging on a wall shall be ‘constructed so that the hanging means is not acce
product from the supporting means.

termine whethér a’product complies with the requirement in 11.16, any part of

or barrier that can be removed without the use of tools to gain access to the hanging m

removed.

11.18 Ano
similar part ¢

pening. provided for hanging the product shall be located or guarded so that a
annot be made to:

cuit shall shut
es for the full
y against the
(12.7 mm). A
bmbination of

be:

h end of each

es, or similar
ssible without

the enclosure
Pans is to be

nail, hook, or

a) Displace a part that could create a risk of fire or electric shock, and

b) Contact one of the following:

1) An uninsulated live part.
2) Magnet wire.

3) Internal wiring.

4) Moving parts.

5) Any other part likely to create a risk of fire or electric shock.


https://ulnorm.com/api/?name=UL 1776 2023.pdf

30 UL 1776 OCTOBER 19, 2023

11.19 An enclosure for electrical components shall have provision for drainage if the enclosure employs
knockouts or unthreaded openings.

12 Adhesives Used to Secure Parts
12.1 An adhesive that is relied upon to reduce a risk of fire, electric shock, or injury to persons shall
comply with the requirements for adhesives in the Standard for Polymeric Materials — Use in Electrical

Equipment Evaluations, UL 746C.

12.2 The requirement in 12.1 also applies to an adhesive used to secure a conductive part, including a
nameplate, that may, if loosened or dislodged:

a) Engrgize an accessible dead metal part,
b) Make a live part accessible,
¢) Reduce spacings below the minimum acceptable values, or

d) Shaqrt-circuit live parts.
13 Handles and Gripping Areas

13.1 For a |portable product, the entire surface available for/gfripping a handle and th¢ designated
gripping area|of a lance shall have outer surfaces of insulating.material that comply with the fequirements
for Tests on Gripping Areas, Section 85.

Exception: The cart handle of a metal cart need not be insulated when both of the following conditions are
met:

a) The handle is reliably isolated from.the voltage and grounding path, and therefofe will not be
energized during normal operation,»§ervicing operation, or abnormal operating conditigns.

b) Theg cart is reliably isolated from the supporting surface of the product.
14 Mechanjcal Assembly

14.1 A product shall be-assembled so that it will not be adversely affected by the vibratipn of normal
operation. Brlish caps-shall be tightly threaded or otherwise constructed to prevent loosening.

14.2 A switch,JJampholder, attachment-plug receptacle, motor-attachment plug, or similay component
shall be secutely'mounted and shall be prevented from turning. See 14.4

Exception No. 1: A switch need not be prevented from turning if all four of the following conditions are met:

a) The switch is of a plunger or other type that does not tend to rotate when operated. A toggle
switch is considered to be subject to forces that tend to turn the switch during normal operation of
the switch.

b) The means for mounting the switch makes it unlikely that operation of the switch will loosen it.
¢) The spacings are not reduced below the minimum required values if the switch rotates.

d) The normal operation of the switch is by mechanical means rather than by direct contact by
persons.
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Exception No. 2: A lampholder of the type in which the lamp cannot be replaced, such as a neon pilot or
indicator light in which the lamp is sealed in a nonremovable jewel, need not be prevented from turning if
rotation cannot reduce spacings below the minimum required values.

14.3 Uninsulated live parts shall be secured to the base or mounting surface so that they will be
prevented from turning or shifting in position, if such motion may result in a reduction of spacings below
the minimum acceptable values.

14.4 The means for preventing the turning or shifting mentioned in 14.2 and 14.3 shall consist of more
than friction between surfaces — for example, a properly applied lock washer, is acceptable as the means
for preventing a small stem-mounted switch or other device, having a single-hole mounting means, from
turning.

15 Accessjbility of Uninsulated Live Parts and Film-Coated Wire

15.1 To redluce the risk of unintentional contact that may involve a risk of'\electric shock from an
uninsulated Ifve part or film-coated wire, an opening in an enclosure shall:

a) Be|spaced from the opening as specified in Table 15.1, if the opening has a minor{ dimension of
1 inch (25.4 mm) or more, and

b) Nat be contacted by the probe illustrated in Figure 154 )if the opening has a minor dimension
(see 15.4) less than 1 inch (25.4 mm).

Exception: In an integral enclosure of a motor, other than“one used in either a hand-held product or a
hand-supported portion of a product.

=h

a) An|opening that has a minor dimension_less than 3/4 inch (19.1 mm) is acceptable
1) Film-coated wire cannot be.contacted by the probe illustrated in Figure 15.3

2) In a directly accessiblé-motor (see 15.5), an uninsulated live part cannot bg contacted by
the probe illustrated in‘\Eigqure 15.4; and

3) In an indirectly.accessible motor (see 15.5 ), an uninsulated live part cannol be contacted
by the probe iftustrated in Figure 15.2.

b) Arl opening that has a minor dimension of 3/4 inch or more is acceptable if a part or wire is
spaced from the‘opening as specified in Table 15.1.
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Table 15.1
Minimum acceptable distance from an opening to a part that may involve a risk of electric shock or

injury to persons

Minor dimension? of opening inches® (mm) Minimum distance from opening to part, inches® (mm)

3/4° (19.1) 4-1/2 (114.0)
1° (25.4) 6-1/2 (165.0)

1-1/4 (31.8) 7-1/2 (190.0)
1-1/2 (38.1) 12-1/2 (318.0)
1-7/8 (47.6) 15-1/2 (394.0)
2-1/8 {64-6) 7472 {444.0)
d 30 (762.0)

@See 15.4.

b Between 3/4 ifch and 2-1/8 inches, interpolation is to be used to determine a value between values spégified in th¢ table.

¢ Any dimension less than 1 inch applies to a motor only.

4 More than 2-1f8 inches, but not more than 6 inches (152.0 mm).
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Figure 15.1

Articulate probe with web stop
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Figure 15.2
Straight probe with tapered tip
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Figure 15.3
Straight probe with rounded tip
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Figure 15.4
International electrotechnical commission (IEC) articulate accessibility probe with stop plate

(All dimensions in millimeters)
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15.2 The probes mentioned in 15.1 and illustrated in Figure 15.1 — Figure 15.4 are to be applied to any
depth that the opening will permit, and shall be rotated or angled before, during, and after insertion through
the opening to any position that is necessary to examine the enclosure. The probe illustrated in Figure
15.1 and Figure 15.4 shall be applied in any possible configuration; and, if necessary, the configuration is
to be changed after insertion through the opening.

15.3 The probes mentioned in 15.2 and 15.4 are to be used as measuring instruments to judge the
accessibility provided by an opening, and not as instruments to judge the strength of a material; they are to
be applied with the minimum force necessary to determine accessibility.

15.4 With reference to the requirements in 15.1, the minor dimension of an opening is the diameter of the
largest cylindrical probe having a hemispherical tip that can be inserted through the opening

15.5 With reference to the requirements in 15.1,
a) Anlindirectly accessible motor is a motor:

1) That is accessible only by opening or removing a part of the ‘euter enclosyre, such as a
guard or panel, that can be opened or removed without using a‘tool, or

2) That is located at such a height or is otherwise guarded or enclosed sq that it is not
contacted;

b) A directly accessible motor is a motor
1) That can be contacted without opening er,removing any part, or

2) That is located so as to be accessible to contact.

15.6 During the examination of a product to determine whether it complies with the requirements in 15.1,
a part of the enclosure that may be opened ofremoved by the user without a tool (to attach an accessory,
to make an operating adjustment, or for-other reasons) is to be opened or removed.

15.7 With reference to the requirements in 15.1, insulated brush caps are not required to he additionally
enclosed.

16 Supply[Connections

16.1 Cord-connected products

16.1.1 A prpduct intended to be connected to the power-supply circuit by means of a flexiple cord shall
be provided with a flexible cord and an attachment plug for connection to the supply circuit.

Exception: A three phase product with a voltage rating exceeding 150 volts to ground, may be provided
without an attachment plug if the markings in 113.5.4are provided.

16.1.2 The flexible cord shall have a voltage rating not less than the rated voltage of the product, and
shall have an ampere rating that is not less than the current rating of the product.

16.1.3 The flexible cord shall be a Type SJ, SJE, SJO, SJT, SJTO, SJO, SJOO, SJEO, SJEOO, or
SJTOO for a portable product employing a motor rated 2 horsepower (1492 W) or less. Portable products
employing a motor rated more than 2 horsepower and stationary products shall employ Type S, ST, STO,
SO0, SO, SE, SEO, SEQO, or STOO flexible cord.
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16.1.4 The flexible cord employed on a product that may be used outdoors shall be marked “W” (for
example, SJOW). The flexible cord shall not be prohibited from being additionally marked "Water
Resistant".

16.1.5 The flexible cord shall be attached to the product.

16.1.6 For a portable product, the flexible cord shall be at least 35 feet (10.67 m) long. For stationary
products, the flexible cord shall be at least 3 feet (0.91 m) long and not longer than 4 feet (1.21 m). The
measurement of the length of the flexible cord is to include the attachment plug.

16.1.7 The attachment plug shall have an ampere rating not less than the rated current of the product, or

the input cur
rating equal t

16.1.8 A sin
15 amp or 20,
for personnel
cord within 1
“Suitable for
Interrupters, |

All other sing
amps or less,

16.1.8A A ¢
insulated pro
Class A gro
accessible an

(1) Wi
(2) A g
(3) An
(4) Wi

(5) Fa

For products
accordance W

roant under maximum- normal load conditions whichever is areater and a no
T o) T

b the rated voltage of the product.

gle phase grounded or double-insulated product that is rated 120 volts and pr

protection as an integral part of the power-supply cord attachment plug; or |
P inches (305 mm) of the attachment plug face. The GFCI shall be marked
Wet Locations” and investigated in accordance with the Standard for Ground-
UL 943.

le phase grounded or double-insulated products sated 150 volts or less to gr
shall comply with 16.1.8A.

ngle phase (other than those products rated’in 16.1.8) or three phase ground

ind-fault circuit-interrupter (GFCI) fors'personnel protection. The GFCI sha
d located in one or more of the following locations:

hin the branch circuit overcucrent device;

evice or outlet within the supply circuit;

integral part of the attachment plug;

hin the supply cord not more than 300 mm (12 in.) from the attachment plug; or

ctory installed within the appliance.

provided with an integral GFCI (Items 3, 4, or 5 above), the GFCI shall be in
ith.the Standard for Ground-Fault Circuit-Interrupters, UL 943. For GFCls that g

juct that is rated 150 volts or less to ground and 60 amps or less, shall be prI

inal voltage

pvided with a

amp attachment plug shall be provided with a Class A ground-fault-Gireuit-interfupter (GFCI)

bower-supply
Rainproof” or
Fault Circuit-

bund and 60

d or double-
vided with a
[l be readily

vestigated in

re integral to

the plug or the supply cord, the GFCI shall be marked “Rainproof” or “Suitable for Wet Locations”.

16.1.9 A three- to two-wire, grounding-type adapter shall not be provided with the product.

16.1.10 Strain relief shall be provided so that mechanical stress on a flexible cord will not be transmitted
to terminals, splices, or interior wiring. See Strain-Relief Test, Section 88.

16.1.11 Means shall be provided to prevent a flexible cord from being pushed into the product through a
cord-entry hole if such displacement may subject the cord to mechanical damage or to exposure to a
temperature higher than that for which the cord is acceptable, or may reduce a spacing, such as a metal
strain-relief clamp, below the minimum acceptable value.

16.1.12 The flexible cord shall be restrained from any rotation that can cause movement of the internal
portion of the cord at splices or terminals.
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16.1.13 At a point where a flexible cord passes through an opening in a wall, barrier, or enclosing case,
there shall be a bushing or the equivalent that shall be reliably secured in place, and shall have a smooth,
rounded surface against which the cord may bear.

16.1.14 A cord hole in wood, porcelain, phenolic composition, or other nonconducting material and
having a smooth, rounded surface is considered to be equivalent to a bushing.

16.1.15 A vulcanized fiber bushing shall not be less than 3/64 inch (1.2 mm) thick and formed and
secured in place so that it will not be adversely affected by conditions of ordinary moisture.

16.1.16 A separate soft-rubber, neoprene, or polyvinyl chloride bushing shall not be employed in a

product.

Exception: T|
mounted are

16.1.17 At
supply cord i
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ses through the enclosure.
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Ct.
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be made in the field unless the product enclosure is otherwise complete — tha
complete bottom are provided when the product is shipped from the facto
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not damaged
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product so a
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If it is intended that supply connections be made directly to a motor, the wiring compartment on

the motor shall comply with the requirements for terminal compartments in the Standard for Rotating

Electrical Ma

chines — General Requirements, UL 1004-1.

16.2.7 Conduit openings or knockouts shall be provided for all field-wiring connections and shall be at
least 7/8 inch (22.2 mm) in diameter.

16.2.8 A product exposed to the effects of weathering shall be provided with threaded openings unless
the location of the openings:

a) Are wholly below the lowest uninsulated live part within the enclosure, or
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b) Prevents drainage into the enclosure along the outside surface of a field-supplied wireway when
subjected to the tests specified in 84.5 and 84.6, as applicable. A threaded opening shall comply
with the applicable requirements in the Standard for Metallic Outlet Boxes, UL 514A.

16.2.9 A product as described in 16.2.2 shall be provided with wiring terminals for the connection of
conductors having an ampacity rated for the product; or the product shall be provided with leads for such
connection.

16.2.10 Wiring terminals for the supply conductors shall be provided with a pressure wire connector
securely fastened in place — for example, firmly bolted or held by a screw.

Excepﬁon: A ~wire. hinnling screw. or stud-and-nut combination may bhe nmplnyonl at o wi Ing terminal

intended to agcommodate a 10 AWG (5.3 mm?) or smaller conductor if upturned lugs or thé*equivalent are
provided to hold the wire in place.

16.2.11 A wjre-binding screw or stud-and-nut combination as mentioned in the gxception to[16.2.10 shall
not be smallef than No. 10.

Exception Ng. 1: A No. 8 screw or stud-and-nut combination may be used.at a terminal intepnded only for
the connectiopn of a 14 AWG (2.1 mm?) conductor.

Exception Nd. 2: A No. 6 screw may be used for the connectioh’of a 16 or 18 AWG (1.3|or 0.8 mm?)
conductor in @ low-voltage circuit.

16.2.12 A wjring terminal shall be prevented from turning:

16.2.13 Thq free length of a lead inside a wiring Compartment shall be 6 inches (152 mm) ¢r more if the
lead is intendgd for field connection to an externalCircuit.

16.2.14 Acdording to the National Electrical Code, ANSI/NFPA 70, 14 AWG (2.1 mm?) is|the smallest
conductor thgt may be used for branch-gircuit wiring, and therefore is the smallest conductor that may be
anticipated at|a terminal for connection of a power-supply wire.

16.2.15 A wjre-binding screw'shall thread into metal.

16.2.16 A tgrminal platetapped for a wire-binding screw shall be of metal not less than 0.050 inch (1.27
mm) thick andl shall notjhave less than two full threads in the metal.

Exception: AII) alloy plate may be not less than 0.030 inch (0.76 mm) thick if the tapped threpds have the
necessary mechanicat Strerngtit.

16.2.17 A terminal plate formed from stock having the thickness specified in 16.2.16 may have the metal
extruded at the tapped hole to provide two full threads for the binding screw.

16.2.18 Upturned lugs or a cupped washer shall be capable of retaining a conductor of the size specified
in 16.2.9 under the head of the screw or washer.

16.2.19 A permanently connected product rated 125 or 125/250 volts (3-wire) or less shall have one
terminal or lead identified for the connection of the grounded conductor of the supply circuit if the product
employs, a lampholder of the Edison-screw-shell type, a single-pole switch, or an overcurrent-protective
device other than an automatic control without a marked off position.
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16.2.20 A terminal intended for the connection of a grounded supply conductor shall be of or plated with
metal that is substantially white in color and shall be readily distinguishable from the other terminals, or
proper identification of that terminal shall be clearly shown in some other manner.

16.2.21 A lead intended for the connection of a grounded power-supply conductor shall be finished white
or grey color and shall be readily distinguishable from the other leads.

16.2.22 A wire-binding screw intended for the connection of an equipment-grounding conductor shall
have a green-colored head that is slotted or hexagonal, or both. The wire-binding screw or pressure wire
connector shall be located so that it is unlikely to be removed during any servicing of the product. See
112.3.3.

)

-

16.2.23 The surface of an insulated lead intended for the connection of an equipment-grounding
conductor shall be green with or without one or more yellow stripes, and no other lead shall be so

identified. THe lead shall be connected to the product such that it is not likely to be removéd during any
servicing of the product.

17 Currenf-Carrying Parts

17.1 A curfent-carrying part shall be of silver, copper, copper alloy, stainless steel,| 8000 series
aluminum, off similar metal. See 19.3.4.

17.2 Ordinary iron or steel shall not be used as a current-carrying part.

Exception: Qrdinary iron or steel provided with a corrosioen-resistant coating may be used [for a current-

carrying partlif acceptable and in accordance with its recognized ratings and other limitations|of use.
18 Insulating Material
18.1 Materfal for mounting an uninsulated live part shall be porcelain, phenolic composition, or

equivalent mpterial.

18.2 Ordinary vulcanized fibersmay be used for insulating bushings, washers, separators,[and barriers,

but not as th
introduce ar

18.3 Therm
comply with
Materials — U

e sole support for-uninsulated live parts where shrinkage, current leakage, or
sk of fire or electric shock.

oplasti¢ material used for mounting an uninsulated live part or as electrical i
the requirements for direct support materials described in the Standard
se'in“Electrical Equipment Evaluations, UL 746C.

warpage may

sulation shall
or Polymeric

18.4 A small molded part, such as a brush cap, shall be constructed to have the necessary mechanical
strength and rigidity to withstand the stresses of actual service. A brush cap shall be secured or located so
that it is protected from mechanical damage that may result during normal use.

19 Internal Wiring

19.1 Mechanical protection

19.1.1  Wiring and connections between parts of a product shall be protected or enclosed.

Exception: A length of flexible cord may be employed for external connections if flexibility is essential. Any
exposed cord shall be of a type at least as serviceable as the power supply cord on the product unless
located or protected so as to reduce the possibility of mechanical damage.
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19.1.2 With reference to exposure of internal wiring through an opening in the enclosure of a product, the
protection of such wiring required by 19.1.1 is considered to exist if, when judged as though it were film-
coated wire, the wiring, including that employed for grounding purposes, would be acceptable according to
15.1 and 15.2. Internal wiring not so protected may be accepted if it is secured within the enclosure so that

it is unlikely to be subjected to stress or mechanical damage.

19.1.3
wiring, water,

drains, and similar field connections, are made to the product.

Internal wiring and components shall be protected from damage when field connections such as

19.1.4 Wires within an enclosure, a compartment, a raceway, or similar enclosed space shall be routed
or otherwise protected so that damage to conductor insulation cannot result from contact with any rough,

sharp, or mo

ing part

19.1.5 Aho
product shall

which the wir¢s may bear.

19.1.6 Insul

enclosure of @ product.

19.1.7 Afle
provided with
Section 88, S
and motion.

19.1.8 Inter
when considq

and with resp

19.1.9 Ther

standard builgling wire or appliance wiring-material, and shall be in accordance with Table 19.1.

Exception: A
braid or jackg
is within an i

e through which insulated wires pass in a sheet-metal wall within the overall e
be provided with a smooth, rounded bushing or shall have smooth, rounded s

bted wires may be bunched and passed through a single opening in a metal w

Kible cord used for external interconnection as mentiohéd in the exception to 14
strain relief and bushings in accordance with thejrequirements in 16.1.10 —

nclosure of a
Lirfaces upon

all within the

).1.1 shall be
16.1.17, and

train Relief Test, unless the construction is such.that the cord will be protecte

nal wiring shall consist of wires of a type-or types that are acceptable for thg
red with respect to the temperature and'voltage to which the wiring is likely to
pct to its exposure to oil, grease, cleaning solutions, or other conditions of servic

moplastic-insulated wire and\heoprene-insulated wire employed for internal w
pliance-wiring material having insulation not less than 1/64 inch (0.4 mm) thick

t is acceptable in_a)circuit operating at not more than the rated voltage of the W
ndividual, completely enclosed electronic chassis that need not be opened fo

il from stress

e application,
be subjected
E.

ring shall be
and without a

ire if the wire
normal field

adjustment.
Table 19.1
Characteristics of internal wiring
Nominal thickness of Nominal thickness of braid
Insulation insulation, inch Braid or jacket required or jacket, inch
Thermoplastic or neoprene® 1/32 (0.8 mm) No -

1/64 (0.4 mm) Yes 1/64 (0.4 mm)

Rubber? 1/32 (0.8 mm) Yes 1/64 (0.4 mm)
@See 19.1.9

braid is required.

b For heat-resistant rubber — other than a silicone type — the insulation thickness shall not be less than 3/64 inch (1.1 mm) and no

19.1.10 Deleted
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19.2 Wiring in products exposed to the effects of weathering

19.21 Type RW, RHW, TW, THW, XHHW, MTW, or THWN wires having equivalent moisture-resistant
properties of those wires specified in Table 19.1 are acceptable for the wiring between electrical
component enclosures when they are enclosed in rigid or flexible-steel conduit or electrical metallic tubing,
or in moisture-resistant nonmetallic sheathed cable.

19.2.2 Wiring material of the type specified in 19.1.9 is acceptable when installed in either rigid conduit or
electrical metallic tubing with raintight fittings or when installed in liquid-tight flexible metal conduit with

acceptable fittings.

19.2.3 Eac

19.2.4 All v

19.3 Splicées and connections

19.3.1 Eac
contact. A so

19.3.2 The
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lver of rubber tape, is acceptable on @;splice if the voltage involved is less thar

n splice and connection shall be mechanically secure and“shall provide reli
Idered connection shall be mechanically secured before being soldered.

requirement in 19.3.1 will necessitate the use of lock’washers or other equiva
binding screws and nuts from becoming loosened:

two layers of friction tape, two layers of\thermoplastic tape, or of one layer of fi

if splice insulation consisting of~coated-fabric, thermoplastic or other type
consideration is to be givenxte its dielectric properties, heat- and moisty
s, and similar characteristics\and properties. Thermoplastic tape wrapped over
Able.

ninum conductors, insulated or uninsulated, shall be terminated by a method 3
on of metals involved at the point of connection.

referencestethe requirements in 19.3.4, a wire-binding screw or a pressure W

perature, heat cycling and vibration.

£

nnnnnn

19.3.6 |If st

ires not rated for use in wet locations, and all cords, shall be routed and“supported so that
they will not be immersed in water.

ble electrical

ent means to

bd. Insulation
ction tape on
250 volts. In
of tubing is
re-resistance
a sharp edge

cceptable for

ire connector
involved — for

wire shall be

prevented from contacting other uninsulated live parts that are not always of the same polarity as the wire,
and dead metal parts. This may be accomplished by use of pressure terminal connectors, soldering lugs,

crimped eyel

ets, soldering all strands of the wire together, or other reliable means.

19.4 Separation of circuits

19.4.1

unless they are each provided with insulation acceptable for the highest potential involved.

Conductors of circuits operating at different potentials shall be reliably separated from each other

19.4.2 An insulated conductor shall be reliably positioned so that it cannot contact an uninsulated live
part of a circuit operating at a different potential.
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19.5 Separation of wiring and fuel lines

19.5.1 Electrical wiring shall not be tied to a fuel line and shall be routed so that it cannot inadvertently
contact a fuel line.

20 Capacitors

20.1 A capacitor provided as a part of a capacitor motor and a capacitor connected across the line, such
as a capacitor for radio-interference elimination or power-factor correction, shall be housed within an
enclosure or container that will protect the plates against mechanical damage and that will prevent the
emission of flame or molten matenal resulting from malfunctlon or breakdown of the capaC|tor The

container shag
inch (0.51m

Exception: TH
thick or may
parts of the p

20.2  Afilter

20.3 Ifaca
product that i
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shall be provi
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e individual container of a capacitor may be of sheet metal less than-0.020 in
be of material other than metal if the capacitor is mounted in an enclosure that
roduct and provided that such housing is acceptable for the enclosure of live par

or other across-the-line capacitor shall comply with the Standard for Capacitors,

pacitor that is not a part of a capacitor motor or a_eapacitor-start motor is co
5 intended to be automatically or remotely controlled so that malfunction or brea
Id result in a risk of fire, electric shock, or injury to.persons, thermal or overcurrg
Hed in the product to prevent such a condition.

citor connected from one side of the line to the frame or enclosure of a product
ating of not more than 0.10 microfarad:; See 20.2.

uct that is intended to be controlled by or operated in conjunction with a ¢
sformer unit shall be suppliediwith such capacitor or unit.

both normal and abnermal conditions of use, a capacitor employing a diele
tible than askarel shall not cause a risk of fire or electric shock; and shall be c
k of expelling the'dielectric medium. See 30.11.

for Capacitors, UL 810, is considered to be constructed to reduce the risk of
um.

steel 0.020
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houses other
S.

UL 810.
nnected in a

kdown of the
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ctric medium
bnstructed to

citor complying with the requirements for protected oil-filled capacitors, Sectiops 18 — 21 of

expelling the

21

21.1

Groundin

19

A product shall have provision for grounding. The following are acceptable means for grounding:

a) For a product intended to be permanently connected by a metal-enclosed wiring system, a
knockout or equivalent opening in the metal enclosure of the product.

b) For a product intended to be permanently connected by a nonmetal-enclosed wiring system,
such as nonmetallic-sheathed cable, an equipment grounding terminal or lead.

c¢) For a cord-connected product, an equipment-grounding conductor in the cord. The surface of the
insulation of a grounding conductor of a flexible cord shall be green with or without one or more

yellow

stripes.
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Exception: A cord-connected product intended to be used on a circuit operating at not more than 150 volts
to ground may be provided with a system of double insulation in lieu of a means for grounding.

21.2 All exposed dead metal parts and all dead metal parts within the enclosure that are exposed to
contact during any servicing operation including maintenance and repair, that are likely to become
energized shall be reliably connected (bonded) to the means for grounding.

21.3 A bonding conductor of ferrous metal shall be protected against corrosion by painting, plating, or
the equivalent.

21.4 The grounding conductor of a power-supply cord and any internal wiring connection used for

grounding sh
any servicing
person.

21.5 Solde

216 Theg
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product provided with means for separate connection to more than one power
ion shall be provided with a means for grounding.

ng shall be by a positivermeans, such as by clamping, riveting, brazing, welding

ted or screwed connection that incorporates a star washer or serrations under a
r penetrating-nonconductive coatings.

bonding means depends upon screw threads, two or more screws shall be us
ave, at least two full threads engaging metal.

ected during

blified service

ding member

connector or
ection to and

's that are not

supply, each

, or making a

ewed connection. The-bonding connection shall penetrate nonconductive coatings, such as

screwhead is

bd or a single

21.12 A connection that depends upon the clamping action exerted by rubber or similar material in a
resilient mount shall comply with the requirements for resilient rubber mountings in the Standard for
Rotating Electrical Machines — General Requirements, UL 1004-1. The effect of assembling and
disassembling such a connection (such as for maintenance) shall also be considered with particular
emphasis on the likelihood of the clamping device being reassembled in its intended fashion.

21.13 The size of a copper or aluminum conductor employed for bonding shall be based on the rating of
the branch-circuit overcurrent device by which the product will be protected. The size of the conductor
shall be as specified in Table 21.1.

Exception No. 1: For a cord-connected product, the bonding conductors may be the same size as the
power supply cord.
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Exception No. 2: A bonding conductor to a motor or other electrical component may be the same size as
the leads of the component.

Exception No. 3: A conductor, such as a clamp or strap, may be employed provided that its cross-
sectional conducting area is not less than the wire specified.

Exception No. 4: A smaller conductor may be employed if it complies with the bonding conductor tests in

Section 82.
Table 21.1
Size of bonding wire conductors
Size of bonding conductor
Rating of oyercurrent protective Aluminum or copper-clad aluminum
deVice, amperes Copper wire, AWG wire, AWG
15 14 12
20 12 10
30 10 8
40 10 8
60 10 8
100 8 6
200 6 4
400 3 1
600 1 2/0
21.14 If more than one size branch-circuit~overcurrent device is involved, the size of [the bonding

conductor sh
protection for
a branch-circ
bonding cond
fault protectio

2115 Thes

n of the motor.

ground, includling Class 1+2, and 3 circuits, shall be grounded.

22 Heating

Elements

all be based on the rating of“the overcurrent device intended to provide|ground-fault
the component bonded by the conductor. For example, if a motor is individually|protected by
Lit overcurrent device smaller than other overcurrent devices used with the ¢quipment, a
uctor for that motor shall be sized on the basis of the overcurrent device intended for ground-

econdary circuit supplied by a transformer with a primary operating at more thap 150 volts to

22.1 The voltage rating of a heating element employed in a product shall not be less than that specified

in Table 22.1.

Table 22.1
Rating of heating element

Nominal voltage of circuit Minimum rating of heating element, volts
120 110
208 208
240 220

Table 22.1 Continued on Next Page
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Table 22.1 Continued

volts

Nominal voltage of circuit Minimum rating of heating element,
277 277
480 430
More than 480 Rating of circuit

22.2 Each sheathed heating element shall comply with the requirements in the Standard
Heating Elements, UL 1030.

22.3 Each

for Sheathed

and shall be

heatina-ealement shall ha sunnarted in a2 siihstantial and rgliahlg manngr
g PP 7

protected agginst mechanical damage and contact with outside objects.

23 Water Heaters
23.1 An elg
Booster and
Storage Tan}

ctric water heater shall comply with the applicable requirementshin*the Standa
Commercial Storage Tank Water Heaters, UL 1453, or the Standard for Hous
Water Heaters, UL 174.

24 Lampholders
241 The s

equipped wit
connected tg

crew shell of an Edison-base lampholder in a permanently connected product
h a polarized attachment plug shall be connected to the terminal or lead that is i
the grounded conductor of the power-supply-circuit.

25 Motors

25.1 Geneial

25.1.1 Each motor shall be acceptablefor the application, and shall be capable of handling
normal load pf the product as described in 67.3.1 and 67.3.2 without creating a risk of fire, &
or injury to pgrsons.

25.1.2 A bipush-holder assembly shall be constructed so that when a brush is worn ou

capable of performing.ts function — the brush, spring, and other parts of the assembly shall
the degree necessafy to keep accessible dead metal parts from becoming energized, and |
becoming acfessibte.

rd for Electric
ehold Electric

or a product
ntended to be

the maximum
lectric shock,

— no longer
be retained to
ve parts from

25.2.1

A product shall incorporate thermal or overload protection in accordance with 25.2.2 if it is

permanently connected, continuous-duty, and manually started, employing a motor rated 1 horsepower

(746 W output) or less, remotely or automatically controlled, or coin operated.

25.2.2 Motor-overload protection required for a product shall consist of one of the following:

a) Thermal protection complying with the applicable requirements in the Standard for Overheating

Protection for Motors, UL 2111.

Exception No. 1: A motor intended to move air only by means of an air-moving fan that is integrally
attached, keyed, or otherwise fixed to the motor shaft is not required to have running-overload

protection.
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Exception No. 2: A shaded-pole motor with a 2:1 or smaller ratio between locked-rotor and no-load
currents and a 1-ampere or smaller difference between no-load and locked-rotor currents is
considered to have acceptable overload protection if it is protected against locked-rotor conditions

only.

b) Impedance protection complying with the requirements in the Standard for Overheating
Protection for Motors, UL 2111, when the motor is tested as used in the product under stalled rotor
conditions.

c) Other protection that is shown by test to be equivalent to the product mentioned in (a).

25.2.3
rated in hors
ANSI/NFPA 1
universal motf
is marked for
used.

25.2.4 Forze
protective de
which the mo

25.2.5 The
that will not b
requirements

25.2.6 The functioning of a motor-protective device provided as part of a product, whether s

is required or
2527 Ano

motor, shall b
ungrounded ¢

25.2.8 Fuse
conductor; an

25.2.9 Adcir
circuit breake

Exception: S

0, that glves the relationship between horsepower and full-load currents for-i
or, the table applying to a single-phase, alternating-current motor is to be'used
use on alternating current only; otherwise the table applying to direct;currént m

multispeed motor of any of the types mentioned in 25.2.1 thatemploys a sepa
ice to provide running overload protection, the requirement in25.2.1 applies at
or is intended to operate.

motor of a product with load characteristics likely to’résult in an overload or sta

in 25.2.2.

not, shall not result in a risk of fire, electric shock, or injury to persons.

verload device employed for ruhning overload protection, other than one that is

onductor of a 3-phase supply system.

s employed for metor-running overload protection shall be located in each
d in each of the-phases of a 3-phase, 3-wire, alternating-current motor.

cuit breaker shall be connected to open all ungrounded conductors of the cirg
I's shall(be the common trip type.

ngle*pole circuit breakers with handle ties, the combination of which comp

If a requwement in this standard refers to the horsepower rating of a motor and the motor is not

ctrical Code,
hotors. For a
f the product
ptors is to be

rate overload
all speeds at

led condition

e evident to the user shall incorporate thermal oreverload protection in accordance with the

uch a device

inherent in a

e located in at least one ungrounded conductor of a single-phase supply systenj and in each

ungrounded

uit. Multipole

ies with the

applicable requirerments i the Standard for Wiofded-Case Circuit Breakers, volded-Case Switches, and

Circuit-Breaker Enclosures, UL 489, may be used as the protection for each ungrounded conductor
supplying line-to-line connected loads of a product rated for connection to a grounded system:

a) Single-phase circuit,

b) 3-wire direct-current circuit, or

¢) Circuit that is connected to a 4-wire 3-phase, or 5-wire 2-phase system with a grounded neutral.

25.2.10 With reference to 25.2.2(c), an overload-protective device complying with the National Electrical
Code, ANSI/NFPA 70, is considered to be an overload device that is responsive to motor current and is
rated or set as specified in column A of Table 25.1. If the rating of the motor-running overload protection
determined in accordance with the foregoing does not correspond to a standard size or rating of a fuse,
nonadjustable circuit breaker, thermal cutout, thermal relay, or heating element of a thermal-trip motor
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switch, the next higher size, rating, or setting may be used, but may not be more than that specified in
column B of Table 25.1. For a multispeed motor, each winding connection is to be considered.

Table 25.1
Maximum rating or setting of overload-protective device

Ampere rating of device as a percentage of motor full-
rating?

load current

Type of motor A B

orless
Any other mot

Motor with marked service factor of 1.15 or more

Motor with marked temperatiire rise af 40°C (72°)

125
125

140
140

115 130

=

2 See 25.2.10.

25.2.11 Mo
with the requ

for-overload protection in which contacts control a relay coil in asmotor starter
rements in 25.2.2.

26 Overlodd- or Thermal-Protective Devices

26.1 Each
the load that

26.2 If the

bverload- or thermal-protective device shall have ‘& current and voltage rating
it controls.

current rating of a product is more than 40.amperes, and there are subdivided

the product feeding two or more power-consumingscomponents — motors, motor-control ci

heating elen;

ents — connected in parallel with .each other across any pair of main-supply

leads, overcuirrent protection shall be provided.as a part of the product for the conductors of

circuit.

Exception: A
the subdividg

a) Fo
ampd

dditional overcurrent protection is not required as a part of the product for the
d circuits described below:

" each separate-motor or heating-element circuit supplied by insulated conduct|
city at least ene-third that of the protective device in the branch circuit to whig

will properly be eonnected.

b) Fo
least

F each separate motor-control circuit supplied by insulated conductors having &
bne~fifth that of the protective device in the branch circuit to which the product W

conng

shall comply

not less than

circuits within
cuits, electric

terminals or
each terminal

conductors of

brs having an
h the product

n ampacity at
ill properly be

pcted.

26.3 A transformer shall be protected by overcurrent protection:

a) Rated 20 amperes or less,

b) Set at not more than 125 percent of the primary current when the primary only is protected, or

c) Set at not more than 250 percent of the primary current and 125 percent of the secondary
current when both primary and secondary circuits are protected.

Exception: The overcurrent protection need not be provided as part of a pressure washer if the overcurrent
protection of the branch circuit to which the product will be connected will provide equal or better

protection.
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26.4 A product that employs resistance-type heating elements rated more than 48 amperes shall have
the heating elements subdivided. Each subdivided load shall not exceed 48 amperes and shall be
protected at not more than 60 amperes.

26.5 The overcurrent protective devices required in 26.4 shall be provided as an integral part of the
product.

26.6 A protective device that requires resetting or replacement after it opens shall be readily accessible.

26.7 A protective device shall be wholly inaccessible from outside the product without opening a door or

cover.

Exception: TH
protector, and

26.8 A fuse
uninsulated li

26.9 The sc

e operating handle of a circuit breaker, the operating button of a manually, op
similar parts may project outside the product enclosure.

holder of a household or similar type product shall be constructed”and installg
e part will be exposed to contact by persons removing or replacing fuses.

rew shell of a plug-type fuseholder shall be connected on theload side of the cir

27 Receptacles

27.1 A portg

272 A15-¢

27.3 Each g
protection of
the branch g
receptacles. |

27.4 A 120-
fixed product

ble product shall not be provided with a general-use receptacle.
r 20-ampere general-use attachment-plugeceptacle shall be of the grounding t

ircuit having an attachment-plug recéeptacle intended for general use shall havs
hot more than 20 amperes provided as a part of the product if the overcurrent
ircuit to which the product_will-"properly be connected exceeds that accep
[he overcurrent protection provided shall be of the time-delay type.

erable motor

d so that no

Cuit.

ype.

b overcurrent
protection of
able for the

Volt, single-phase, 15- or 20-ampere receptacle outlet installed in a cord-and-pliig connected

intended for outdoor use shall be electrically-connected to the GFCI provi

product, or bg provided with/Class A ground-fault circuit-interrupter (GFCI) for personnel pro

integral part g

27.5 A fuse
Edison-base

f the receptacle.

holder. provided in accordance with 27.3 shall be of Type S construction or sh
ype with a factory-installed nonremovable adapter of Type S construction.

ded with the
tection as an

all be of the

27.6 The face of a receptacle shall:

a) Be flush with or project beyond a nonconductive surrounding surface, or

b) Project at least 0.015 inch (0.38 mm) beyond a conductive surrounding surface.

28 Switches and Controls

28.1

A switch or other control device shall have a current and voltage rating not less than that of the load

that it controls.

28.2 With reference to the requirement in 28.1, the current rating of a switch that controls an inductive
load other than a motor, such as a transformer or an electric-discharge-lamp ballast, shall not be less than
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twice the rated full-load current of the transformer or ballast unless the switch has been investigated and
found acceptable for the application.

28.3 In a permanently connected product rated 125 or 125/250 volts (3-wire) or less, no switch or
overcurrent-protective device of the single-pole type other than an automatic control without a marked off
position shall be electrically connected to a terminal or lead intended for connection to the grounded
conductor of the supply circuit.

28.4 A manually operated motor-control switch shall be provided in a cord-connected product that

employs a motor rated more than 1/3 horsepower (250 W output).

28.5 A swi

acceptable fq

28.6 A prog

29 Automdtic Temperature Controls

291 Anau
ungrounded

29.2 An ad
pressure reg
risk of overlo

29.3 A tem
and -limiting
requirements
873. Complia
1: General R

h that controls a2 medium-base |9mphr\|rlnr of other than a pilnf or inrﬁr\nfing

r use with tungsten-filament lamps.

uct shall not employ a through-cord type switch.

Kiliary control device in a product shall disconnect all heating‘elements that it co
conductors of the supply circuit.

xiliary control is considered to be one that is dnténded primarily for time,
ulation, or similar functions under the conditions of intended operation, and not
Ad or excess-temperature conditions resulting from abnormal operation.

perature control — temperature-regulating, -limiting, or combination temperat
— shall comply with the requirements for temperature controls in Section 87
for limit controls in the Standard for Temperature-Indicating and -Regulating E
nce with the Standard for Automatic Electrical Controls for Household and Sim
equirements, UL 60730-1, and/or the applicable Part 2 standard from the UL

fulfills these

294 A tem
functions mo

29.5 Atem
not function

29.6 A con
requirement

equirements.

erature-regulatingscontrol is one by which the temperature is regulated and tf
e or less frequently during intended operation of the product.

erature-limiting control is one that serves only to prevent abnormal temperaty
uring intended operation of the product.

light shall be

ntrols from all

temperature,
to reduce the

Lire-regulating
and with the
quipment, UL
ilar Use, Part
60730 series

at, therefore,

res and does

actor’or other device controlled by a temperature control shall comply with t

30 Spacings

30.1

e endurance

Other than at field wiring terminals, the spacing between uninsulated live parts of opposite polarity

and between an uninsulated live part and a dead metal part that is exposed to contact by persons or that
may be grounded shall not be less than the value specified in:

a) Ta

ble 30.1 for a motor circuit, and

b) Ta

ble 30.2 for circuits without a motor.

Exception No. 1: The inherent spacings of a component of the product, such as a snap switch, are judged
on the basis of the requirements for the component in question.
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Exception No. 2: If an isolated dead metal part is interposed between or is in close proximity to live parts
of opposite polarity, to a live part and an exposed dead metal part, or to a live part and a dead metal part
that may be grounded, the spacing may be not less than 3/64 inch (1.2 mm) between the isolated dead
metal part and any one of the other parts previously mentioned, provided the total spacing between the
isolated dead metal part and the two other parts is not less than the value specified in Table 30.1.

Table 30.1
Spacings in motor circuits at other than field-wiring terminals
Diameter of motor used in appliance?®
7 inches (178 mm) or less More than 7 inches
Potential Over surface, Through air, Over surface Through air,
involved,
volts inch (mm) inch (mm) inch (mm) inch (mm)
0-125 3/32 (2.4) 3/32 (2.4) 1/4 (6.4)° 1/8 (3.2)°
126 — 250 3/32 (2.4) 3/32 (2.4) 1/4 (6.4)° 1/4 (6.4)°
251 -600 12 (12.7)° 3/8 (9.5)° 1/2 (12.7) 3/8 (9.5)°

& The diameter pf a motor is the diameter of the circle circumscribing the stator frame measured'in the plane of the laminations,
excluding lugs, ffins boxes, and similar parts, used solely for motor mounting, cooling, assémbly, or connection.

® For a motor rgted 1/3 horsepower (250 W output) or less, these spacings may not e less than 1/16 inch (1.6 mm)
¢ Film-coated wjre is considered to be an uninsulated live part. However, a spacing.of not less than 3/32 inch (2.4 mm) over

surface and thrpugh air between film-coated wire, rigidly supported and held.in place on a coil, and a dead metal paft is
acceptable.

Spacings other than at field-wir-irr?glti?r?l-iﬁals, in a circuit without a motor
Potentipl involved, volts Minimum through air or over surface spacings, inch (mm)
0-125 1/16 (1.6)
126 — 250 3/32 (2.4)
251 — 600 12 (12.7)
@ Spacings not less than 1/16 inch aré acceptable at a heating element.

30.2 If an yninsulatedylive part is not rigidly fixed in position by means other than friction between
surfaces, or if a moyable dead metal part is in proximity to an uninsulated live part, the construction shall
be such that the regquired minimum spacing will be maintained.

30.3 In a circuitincorporating two or more motors of different sizes, the spacings in the circuit are to be
judged on the basis of the size of the largest motor in the circuit.

30.4 The spacings in a motor shall comply with the spacing requirements in the Standard for Rotating
Electrical Machines — General Requirements, UL 1004-1.

30.5 An insulating lining or barrier of vulcanized fiber or similar materials employed where spacing would
otherwise be insufficient shall not be less than 1/32 inch (0.8 mm) thick, and shall be so located or of such
material that it will not be adversely affected by arcing, except that vulcanized fiber not less than 1/64 inch
(0.4 mm) thick may be used in conjunction with an air spacing of not less than 50 percent of the spacing
required for air alone.

Exception: Thinner insulating material may be used, if upon investigation, it is found to be acceptable for
the application.
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30.6 All uninsulated live parts connected to different line- or low-voltage circuits shall be spaced from
one another as though they were parts of opposite polarity, in accordance with the requirements in 30.1
and 30.7 and shall be judged on the basis of the highest voltage involved.

30.7 The spacing between field wiring terminals of opposite polarity, and the spacing between a wiring
terminal and any other uninsulated metal part — dead or live — not of the same polarity, shall not be less
than that specified in Table 30.3.

Table 30.3

Spacings at field-wiring terminals

Minimum spacings, inch (mm)

Between terminals and other uninsulated metal.parts| not always of

the same polarity?

Potential Between wiring terminals,
involved, volts through air or over surface Over surface Through air
250 or less 1/4 (6.4) 1/4 (6.4) 1/4 (6.4)
More than 250 112 (12.7)° 12 (12.7)° 3/8 (9.5)

@ Applies to thd

b A spacing of
terminal box if

sum of the spacings involved where an isolated dead metal part is interposed-

he compartment or box is integral with a motor.

hot less than 3/8 inch, through air and over surface, is acceptable at wiring’terminals in a wiring compartment or

30.8 At terminal screws and studs to which connection may be made in the field by mea

connectors,
specified in
minimum sp3

309 Thes
Table 30.1 —

byelets, and similar parts, as described in6.2.11, spacings shall not be les
Table 30.1 when such connectors, eyelets, and similar parts, are in such
cings — opposite polarity and to dead metal — exist.

bacings in a low-voltage safety control shall comply with the requirements in 30
Table 30.3.

30.10 Atot
between sug
which are de

30.11 For 4
with an exp4d
terminal of th

a)An

her than safety controlsj.the spacing between uninsulated live parts of opposit

fined as low-voltage'in 2.2.10.

capacitor employing a liquid dielectric medium more combustible than askarel

e capagitor including an assembled wire connector to:

electrically isolated part or a part constructed of a nonconductive material shall

hs of the wire
s than those
position that

.1 — 30.8 and

b polarity and

h parts and dead metal-that may be grounded in service is not specified for parts of circuits

and provided

nsion mechanism to reduce the risk of expelling the dielectric medium, the spacing from a

be at least 1/2

inch (

Lo W 4 AY
TZ T TTHIT)S

b) An uninsulated live part of opposite polarity or an uninsulated dead metal part that is either
accessible or grounded shall be as specified in Table 30.4.


https://ulnorm.com/api/?name=UL 1776 2023.pdf

54 UL 1776 OCTOBER 19, 2023

Table 30.4
Spacings for protected capacitors

Minimum spacings?

Expansion Electrical®
Potential involved,
volts inch (mm) inch (mm)
30 to 300 12 12.7 116 1.6
Over 300 to 600 112 12.7 1/8 3.2

@ The minimum spacing required is the sum of the applicable expansion and electrical spacing values.

P This value is zero for a terminal including an assembled wire connector that is acceptably insulated for the highest voltage to
which it may be subjected.

MECHANICAL SYSTEMS AND DEVICES - ENGINE DRIVEN PRODUCTS

31 Fuel Systems — Gasoline or Diesel

311 General

31.1.1 A fugl confining part having internal threads made of drawn brass or machined fragm brass rod
shall be capgble of withstanding, without cracking, the 10-Day Moist Ammonia-Air Stress (racking Test
specified in 106.3.

31.1.2 An ehgine-driven/flame heated unit shall have the gasoline fuel tank and supply system located
so that they do not provide an air-vapor mixture exceeding the lower flammable limit in areds of possible
ignition.

31.2 Fuel t3anks

31.2.1 A fudl tank shall be constructed of material equivalent in strength, rigidity, and resistance to fire as

mild steel hay
(3.8 L) or lesq

31.22 A m({
aluminized st

ing a minimum thickness of' 0.024 inch (0.61 mm) for a fuel tank having a capac
,and 0.032 inch (0.8 mm) for a fuel tank having a capacity greater than 1 gallo

btal fuel tank of less than 0.032 inch (0.81 mm) thick shall be made of tern

ty of 1 gallon
.

eplate steel,
e inside and

eel, or galvanized steel or shall be provided with an inorganic coating on th

outside surfages that provides equivalent protection against corrosion. See 31.2.3.

31.2.3 A me¢tal.fuel tank may be made of materials other than those mentioned in 31.2.2|provided the
materials are|galyanically compatible and are provided with protection against corrosion equjvalent to the
protection provided by the metals meniioned in 31.2.Z. If the corrosion resistance properties of the metal
are not known, a representative product shall be subjected to the salt-spray test described in 104.2.

31.2.4 A nonmetallic fuel tank, and a fuel tank constructed of nonmetallic and metallic materials in
combination shall be resistant to the effects of Reference Fuel C [ASTM D471-79(1991)], heat aging, low
temperature, and ultraviolet light if the nonmetallic surface is exposed to ultraviolet light during intended
use. Resistance to the effects of these items are to be determined by the appropriate requirements in
104.3.1 — 104.6.3. See 31.2.5.

31.2.5 If a nonmetallic tank is provided with an exterior coating of paint for protection against ultraviolet
light exposure, the acceptability of the paint for this purpose is to be determined by an investigation.
Factors to be considered in the investigation are:

a) Effectiveness of the paint in providing protection against ultraviolet light,
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b) Permanence and adherence of the paint in service, and

c) Adverse affect of the paint on the plastic.

31.2.6 Strengthening ribs or depressions in ferrous-metal fuel tanks that may trap water on the tank top
shall not be more than 1/16 inch (1.6 mm) deep.

31.2.7 A fuel tank shall permit filing from a safety can that complies with the requirements in the

Standard for

Metal Safety Cans, UL 30, or the equivalent.

31.2.8 The inside diameter of a fill opening of a fuel tank shall be at least 0.72 inch (18 mm).

31.29 Ifa

filling shall b such that spillage or leakage will drain to the ground or product support surfacg

the engine ¢
determine cd

31.2.10 Af
incorporate 3
the carburet
prevent fuel
support surfg

31211 A f
incorporate ¢

31.3 Fuelg

31.3.1 Extsg
metal. Failur

31.3.2 Eac
31.4 Fuell

31.4.1 Arig
shall have a
minimum acq

ank is within or contiguous to the engine compartment, the tank location and

r electrical- or exhaust-system parts. Spillage tests are to be conducted, if
mpliance with this requirement.

el tank having a capacity greater than 1 gallon (3.8 L) and used in a gravity feeq
n automatically operated positive shutoff in the fuel line. This.positive shutoff ma
br, fuel pump, or similar component, or may be a separate fuel solenoid va
bt 3 psig (20.7 kPa) or less from flooding the carburetorrand spilling on the groy
ce when the engine is not operating.

uel tank having 1 gallon (3.8 L) or less cdpacity and using a gravity feed
ither a manual-shutoff valve or an automaticzshutoff device as described in 31.2

ump

rnal fuel-confining parts of anxélectrically or mechanically operated fuel pum
e of operating parts shall not result in external leakage of fuel.

N electrically operated fuelpump shall comply with the requirements for such pur
nes and fittings

id fuel lineyshall be steel or seamless annealed copper tubing or the equivalen
corrosign=resistant exterior coating equivalent to that afforded by paint. See Tab|
eptable.thickness of aluminum, copper, and steel tubing.

=

3142 Afl

e facilities for
and not onto
hecessary, to

system shall
y be a part of
ve, and shall
nd or product

system shall
110

p shall be of

nps, see 3.1.

. Steel tubing
e 45.2 for the

Hal
LI\

nd Oil Hose,

PWH N | fiaal Lo ball rarhve—aith$hh racH-Hramant HPNE 1 Y Qigndard £
ATUTS  TUCTT TINTC  of'iailr \JUIIIPI‘Y WILIT UG TOYUITTITITTIS T U1C Jldriudaryu  1ut

ANSI/SAE J30, or the performance requirements for determining resistance to ASTM Reference Fuel C,
heat aging, low temperature, and ultraviolet light as specified in the requirements in 104.3.1 — 104.6.3.

Exception: The burst pressure of a fuel line need not be more than 100 psig (689 kPa) if used in a
pressure system, or 10 psig (69 kPa) if used in a gravity or suction system.

31.4.3 Nonmetallic tubing or hose shall comply with the requirements for the pull testin 106.1.1.

31.4.4 Metallic fuel-line tubing fittings shall be of the type complying with the Standard for Automotive
Fittings, ANSI/SAE J512-NOV79, or the Standard for Fittings for Flared Copper Tubes, ANSI B16.26-
1975, or the applicable requirements in the Standard for Tube Fittings for Flammable and Combustible
Fluids, Refrigeration Services and Marine Use, UL 109, or the equivalent.


https://ulnorm.com/api/?name=UL 1776 2023.pdf

56 UL 1776 OCTOBER 19, 2023

31.4.5 A body or fitting provided with tapered threads shall be threaded in accordance with the Standard
for General Purpose (Inch) Pipe Threads, ANSI/ASME B1.20.1.

31.4.6 External fuel-confining parts of a filter, except a gasket or seal, shall be of metal.

Exception No. 1: Glass filter bowls may be used if they are located within a compartment or equivalently
protected.

Exception No. 2: Filter bowls of other materials may be used if investigated and found acceptable for the
normal use of the product.

31.4.7 Fuelrt at—be—s oreduce—chafing—and—to—maintainr—atteast—a—2-inch (51-mm)
clearance from bare exhaust components.

31.4.8 Fuellfeed lines, valves, and fittings shall be located so that any leakage will.not run joff or drip on
electrical- or ¢xhaust-system parts.

31.5 Carbufetors

31.5.1 A side or updraft carburetor shall be located so that overflow of gasoline due to exgess choking
will flow to grpund or support surface and not contact electrical partssand exhaust system, of collect in an
engine compartment. Nonmetallic drain hose, if used, shall comply*with the fuel resistance, qil resistance,
and dry-heat [esistance tests of the Standard for Fuel and Oil Hese, ANSI/SAE J30, or the equivalent.

31.5.2 A dqwndraft carburetor, if mounted over an¢engine and having an external flgat-bowl vent
opening, shall have a vent overflow tube to direct fuel:away from the engine in case of fuel ovgrflow.

31.5.3 Each combustion air intake shall be provided with a backfire deflector (air cleaner) {hat complies
with the requifements specified in the BackfirezDeflector Test, Section 107.

32 Fuel Systems — LP-Gas

32.1 General

32.1.1 An UP-Gas fuel _system provided as part of the product shall be complete and installed at the
factory, except as indicated in 32.1.2 and 32.1.3.

32.1.2 A prqduct equipped to use a removable fuel container may be shipped without the fugl container if
a metal nameplate that identifies the correct fuel-container assembly to be used is attached adljacent to the
container-mounting hardware.

32.1.3 A product may be arranged for LP-Gas fuel but intended for use with a remotely mounted tank not
provided as part of the product. Requirements for fuel containers do not apply to products of this type.

32.1.4 Nonductile (regular gray iron) cast iron shall not be used for LP-Gas confining parts.

32.1.5 A body or fitting provided with tapered threads shall be threaded in accordance with the Standard
for General Purpose (Inch) Pipe Threads, ANSI/ASME B1.20.1.

32.1.6 Vaporizers, regulators, valves, filters, and other fuel-system components subject to container
pressure shall be of a type intended for use with LP-Gas at a working pressure not less than 250 psig
(1.72 MPa).


https://ulnorm.com/api/?name=UL 1776 2023.pdf

OCTOBER 19, 2023 UL 1776 57

32.1.7 Valves and connections on LP-Gas containers shall be protected to reduce the likelihood of
damage due to unintentional contact with stationary objects. Valves shall be protected to reduce the
likelihood of damage due to collision, overturning, or similar occurrence. Parts of the product may be used
to provide such protection to valves and fittings.

32.1.8 All fuel-system components shall be fastened to the product to reduce the likelihood of loosening
due to vibration.

32.2 Containers

32.2.1 A fuel container shall be a pressure vessel constructed, tested, and marked in accordance with
the ASME Unfired-Pressure-\essel f‘nda, orthe Qpar\ifir\aﬁnnc of the nnpgrfmohf of Trgncpr rtation (DOT)

for LP-Gas (ontainers.

32.2.2 A fugl container may be fixed to or removable from the product.

32.2.3 An ASME fuel container shall have a designed working pressure of 812, 343, or 35 psig (2.15,
2.36, or 2.60|MPa). It shall be marked with the ASME “U” symbol and the design working presgsure.

32.2.4 Each fuel container shall be located to reduce the possibjlity_of damage to the container or its
fittings. The fittings of a removable container shall be protected to-rgduce the possibility of damage during
removal, fillirj]g, and replacement.

32.2.5 A DOT fuel container shall be constructed, tested,”and marked for a minimum servige pressure of
240 psig (1.5 MPa). It shall bear the marking DOT-4B240; DOT-4BA240, DOT-4BW240, or POT-4E240.

32.2.6 Instructions for installation shall indicate’that a fuel container shall be installed yith as much
ground cleargnce as practical, but never less than the minimum ground clearance of the product in the
area of the fiiel container. This minimum clearance shall be measured to the bottom of the gontainer or to
the lowest fitfing.

32.2.7 A fugl container shall be secured in place so as to comply with the requirements in the LP-Gas
Container Sqgcurement Tests, Section 103.

32.2.8 A rgmovable fuel, container shall be constructed to engage a substantial positioning pin or an
equivalent means for proper positioning of the container when reinstalled.

32.2.9 If aremovable fuel container is used, means shall be provided in the fuel system to limit the
escape of fugl.wheh the container is changed.

32.2.10 The use of a quick-closing coupling (a type closing in both directions when uncoupled) in the fuel
line shall be considered as complying with the requirements of 32.2.9.

32.2.11 Welding, if necessary, shall be made only on saddle plates, lugs, or brackets originally attached
to the container by the manufacturer of the container.

32.2.12 A fuel container from which vapor only is to be withdrawn shall be installed and equipped with
connections arranged to reduce the risk of unintentional withdrawal of liquid.

32.2.13 A fuel container shall be shielded, if necessary, against direct heat radiation from the product to
limit fuel temperatures in accordance with Table 67.1.
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32.2.14 A removable-type container shall have the protection means for the fittings permanently
attached to the container.

32.2.15 If an excess-flow or a back-pressure check valve, or both, are provided, they shall be located
inside the container.

32.2.16 If a separate filling connection is provided it shall be fitted with a double back-pressure check
valve, or a hand-operated shutoff valve and a back-pressure check valve.

32.2.17 A removable container shall employ a hand-operated shutoff valve with an internal excess-flow
check valve.

32.2.18 An pccessible hand-operated shutoff valve shall be provided on the container forgach liquid or
vapor fuel supply line.

32.2.19 An excess-flow or back flow check valve shall be provided in each container connéction having
an opening fgr the flow of gas in excess of a No. 54 drill size, 0.055 inch (1.4 mm); except a cpnnection for
a safety-relief valve.

32.3 Gaugsegs

32.3.1 A vatiable liquid-level gauge (such as a slip-tube or rotary type) that requires venting|of fuel to the
atmosphere ghall not be used on a fuel container.

32.3.2 Afix¢d-tube gauge shall be employed on each:fuel container.
Exception: A femovable container filled by weight only is not required to employ a fixed-tube dauge.

32.3.3 The length of a fixed tube shall be sueh that, when the lower end touches the surfacg of the liquid
in the containler, the volume of the contents will not exceed 80 percent of the total container volume. This
requirement applies to a removable Container regardless of whether the container is being filled in the
horizontal or yertical position.

32.3.4 Each ASME container-shall have, permanently attached to the container adjacent to the fixed
liquid-level gguge, or on the container nameplate, markings showing the percentage full that is indicated
by that gauge.

32.3.5 A ngnventing, indicating-type liquid-level gauge (such as magnetic type) shall be|provided on
each containefr.

32.4 Fuel lines and fittings

32.4.1 All piping from a fuel container to the first-stage regulator shall be iron, steel (black or galvanized),
brass, or copper pipe; seamless copper or steel tubing; flexible LP-Gas hose; or other equivalent piping
means.

32.4.2 Steel and copper tubing shall have a wall thickness as specified in Table 45.2. Steel tubing shall
have a corrosion-resistant exterior coating. Paint is considered to be an acceptable corrosion-resistant
coating. Copper tubing shall be annealed. Aluminum tubing shall not be used.

32.4.3 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
that are mounted on the engine.
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32.4.4 Tubing fittings shall comply with the applicable requirements in the Standard for Tube Fittings for
Flammable and Combustible Fluids, Refrigeration Service and Marine Use, UL 109.

32.4.5 Hose assemblies shall comply with the applicable requirements in the Standard for Pigtails and
Flexible Hose Connectors for LP-Gas, UL 569.

32.4.6 Cast fittings shall not be employed for either piping or tubing.

32.4.7 Fuel lines shall be supported to reduce 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 cannot inadvertently contact fuel lines.

32.4.8 Flexible hose passing through sheet metal shall be installed to reduce the liKelihood of hose
abrasion, su¢h as by use of clamps and grommets.

32.4.9 All pipe threaded fuel-system fittings, including container fittings, shall he\assembled using a pipe
joint sealing compound intended for use with LP-Gas.

32.5 Vapollizers

32.5.1 Each vaporizer shall have a valve or plug located at ornear the lowest portion ¢f the section
occupied by|the water or other heating medium that will permit“substantially complete dfaining of the
vaporizer. THe cooling system drain may serve this purpose if.effective.

32.5.2 Eng|ne exhaust gases shall not be used as a\direct means of heat supply for the vpporization of
fuel unless the materials used for parts of the vaporizer in contact with the exhaust gases afe resistant to
the corrosivg action of exhaust gases and the vaporizer system is constructed in such a manner as to
prevent excessive pressure.

32.5.3 Vaporizers shall not be equipped-with fusible plugs.
32.6 Safety-control and relief devices

32.6.1 A spring loaded internal-type safety-relief valve with proper start-to-discharge sefting and flow
capacity, as gpecified in 32.6:2 — 32.6.5, shall be provided on the fuel container.

32.6.2 A sdfety-reliefl valve to be used on an ASME container shall be set, sealed, and marked with a
start-to-discharge pressure not higher than the marked design working pressure of the container, and not
less than 88 percent of the marked design working pressure of the container.

32.6.3 A safety-relief valve on an ASME container shall be marked with its discharge capacity in cubic
feet (cubic meters) per minute of air in accordance with Table 32.1.
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Table 32.1
Safety-relief valve capacity

Container surface area, Minimum flow rate of air
t2 (m?) CFM (M*/m)
20 orless 1.86 or less 626 17.73
25 2.32 751 21.27
30 2.79 872 24.69
35 3.25 990 28.03
40 3.72 1100 31.15
32.6.4 A safety-relief valve on a DOT container shall be set for a start-to-discharge pressurg of 375 psig

(2.60 MPa) and shall comply with the DOT regulations.

32.6.5 A safety-relief valve shall have direct communication with the vapor space of the cont
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provided to prevent the passage of fuel when the engine is not running.

32.7 Nonmetallic parts

32.7.1
Section 70.

32.8 Exhau

32.8.1

st System

Automatic pressure-reducing equipment incorporating an automatic shutoff means shall be

A synthetic-rubber part shall comply with the requirements for Tests on Gaskets, Seals, and Parts,

A muffler provided as part of the engine system of the product shall have spark arresting

capabilities and shall be qualified and rated by the U. S. Department of Agriculture Forest Service as a
spark arrester for internal combustion engines (USDA-Forest Service Standard 5100-12). The muffler may
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be integrally installed as part of the product or provided as a separate piece for field installation in
accordance with the manufacturer's instructions.

32.8.2 The muffler shall be located or shielded to reduce the risk of injury from unintentional contact with
hot parts in accordance with the temperature limits specified in Table 67.1.

32.8.3 Exhaust components formed of ferrous sheet, pipe, or tubing materials intended to be routed
within the confines of an enclosure for the engine assembly shall be formed of a material that provides
strength, rigidity, durability, resistance to corrosion, and other physical properties equivalent to sheet steel
at least 0.032 inch (0.81 mm) thick.

32.8.4 The

anginn exhaust shall he located and directed - so-as to reduce the risk of ihjl Hry io

persons.
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MECHANICAL SYSTEMS AND DEVICES - FUEL FIRED PRODUCTS

33 Genera

33.1 Ignitign assembly

33.1.1 Theligniter, pilot burner, and pilot flame-sensing device shall be constructed and supported so that
each will be fixed in its proper position.

33.1.2 The means for ignition shall be located so as to reduce the possibility of the collection of carbon
and other material, or the dislocation, distortion, or burning of parts when the burner is tested in
accordance with the requirements specified in Sections 93 — 95, Ignition Tests.

33.1.3 The construction of a burner assembly shall be such that the igniter assembly may be readily
withdrawn from and replaced in the burner assembly during servicing of the igniter assembly and burner
assembly without resulting in:

a) Reduction of the clearances between bare current-carrying parts, electrodes, and grounded
metal parts.

b) Changes in the air gap at electrode tips.

c¢) Reduction of the spacings between the high-potential cables and grounded metal parts.
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d) Changes in the position of the igniter or pilot relative to the area at which ignition is to be
initiated.

33.2 Gas-fired burners

33.2.1 A gas-fired product provided with an electric-ignition system shall, for each individual combustion
chamber, ignite the pilot of a gas burner assembly having an input of more than 400,000 Btu per hour
(117.2 kW), per individual combustion chamber, or the pilot or main burner of a gas burner having an input
of 400,000 Btu per hour or less.

33.2. 2 The |gn|t|on system shaII be activated before the dellvery of fuel to the |gn|t|on zone and shall
ut off at the
pilot igniter)
tempting the

33.3 Oil-fired burners

33.3.1 The ignition system of an automatically-lighted burner shall be activated before or sijnultaneously
with the deliviery of fuel to the ignition zone and shall remain active during the trial-for-ignition period. If
ignition is cuf off at the termination of the trial-for-ignition period;¢the ignition shall remajn off for the
duration of that firing cycle unless the ignition is fully restored\within 0.8 second upon [unintentional
extinguishmept of the main burner flame.

34 Burner Assemblies

34.1 General

34.1.1 A bufner shall be provided as a separate assembly that is then attached to the cleaning machine

at the factory
overall assen
all the essent
may be shipp
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other.

34.1.3 The various parts of a burner whether provided as a separate assembly or incorporated into the
overall assembly of the cleaning machine shall be constructed and assembled in accordance with the
requirements specified in 34.1.4 — 34.3.18 in a manner that provides acceptable strength, rigidity, and
durability.

34.1.4 Burner piping components such as the main automatic gas-shutoff valve, main manual gas-
shutoff valve, pressure regulator, and similar components, may be furnished as separate parts provided
that they can be joined in the field with standard piping. The standard piping may be furnished, cut, and
threaded by the field installer.

34.1.5 The burner shall provide a uniform and definite supply of fuel and air for combustion when
installed and adjusted in accordance with the manufacturer's installation instructions. The means for
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regulating the supply of air and fuel shall be arranged so that the adjustments may be fixed or restricted in
a manner to reduce the possibility of unintentional changes in settings.

34.1.6 All parts requiring adjustment or manipulation by the user in the course of operation of the burner
shall be accessible and easily moved. Any part that may normally come in contact with the operator's hand
during usage shall be free from sharp edges or projections and projecting sharp screw ends.

34.1.7 An adjustable or movable part shall be provided with a locking device to reduce the possibility of
unintentional shifting.

34.1.8 Each burner assembly part, control, and safety device requiring normal care shall be accessible.
Parts in an eenmhly removed for narmal care shall he grrongod such-that their-restoration fo”owing
removal will [not necessitate their realignment to secure their proper relationship with other parts of the
assembly. Other than ordinary tools that may be required for normal care to be done by-the pperator shall
be supplied With the burner assembly.

34.1.9 Each burner assembly or subassembly shall incorporate provisions for\support, adjustment, and
attachment tp the product or to the foundation on which it rests so that it can be installed sofas to prevent
its twisting, s]iding, or dropping out of the correct position.

34.1.10 A burner of the swing type shall be provided with means for locking the burnef in the firing
position and,| for an automatically-lighted burner, to prevent it froam.discharging fuel when in ¢ther than the
firing position).

34.1.11 Screws or bolts used to attach parts that are détached for servicing of the burner shall withstand
the torques dpecified in Table 34.1 after removal and replacement.

34.1.12 The base or frame on which burner\parts are mounted shall be made of ngncombustible
material.

34.1.13 Eath base or frame shall incorporate provisions for installing the assembly, and| shall include
securing and adjusting means for leveling and alignment if such operations are necessary.

Table 34.1
Torque requirements for screws or bolts

1.8.0. screw
American standard screw size Torque size Torque

No. mm Lbf-In N-m mm N-m Lbf-In
_ - - - 4 1.6 14
8 4.2 18 2.0 4.5 2.6 23
10 4.8 30 34 5 4.2 37

Inch mm

1/4 6.4 100 11.3 6 8.7 77
- - - - 7 15.0 133

Table 34.1 Continued on Next Page
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Table 34.1 Continued

1.S.0. screw
American standard screw size Torque size Torque

No. mm Lbf-In N-m mm N-m Lbf-In

5/16 7.9 200 22.6 8 23.5 208

- - - - 9 33.6 297

3/8 9.5 350 39.6 10 452 400

7/16 11.1 575 65.0 12 81.0 715

12 12.7 850 96.0 14 128.0 1130

9/16 143 1200 136.0 — — —

5/8 15.9 1600 181.0 16 185.0 1640
34.1.14 Eagh fan housing and air duct shall be made of noncombustible or equivalent matgrial and shall
have the strepgth and durability to not be damaged during the tests specified in‘Sections 65 + 68 and 92 —
99.

34.2 Gas-fired assemblies
34.2.1 Bolt holes in a gas-fired burner assembly shall not intersect gasways unless provisign is made to

provide gas ti

34.2.2 Burn
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bon burner shall be so constructed that the ribbon assembly can be removed,
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burner orifice and orifice_holder shall be made of a material having a melting f
of not less than 788°C (1450°F) for use with manufactured and mixed gases
100°F) for natural gas, LP-Gas, and LP-Gas-air mixtures.

burner gas orifice spuds shall be threaded into their holders with at least 3-1/2 fi

exterior pottion of a firing head within 6 inches (152 mm), measured parallel to
and all.parts normally in contact with masonry, shall be made of iron or steel ¢
brior.parts shall be made of materials acceptable for the purpose.

er heads, mixer heads, and mixer tubes shall be of metals having a melting point (solidus

cleaned, and

oint (solidus
and not less

ull threads.

its axis, from
r acceptable

34.2.7 Flame spreaders and flame-spreader supports used with upshot-type burners shall be
constructed so that they cannot be incorrectly fitted together, or they shall be marked to indicate the
correct method of assembly if it is necessary to remove the flame spreader for service or assembly. A
flame spreader shall not be threaded to its support unless the support is readily removable.

34.2.8 Flame-spreader supports used with upshot-type burners shall be constructed so that the flame

spreader can

be supported only at the correct distance above the burner.

34.2.9 Burners shall be provided with means to prevent disintegrated ceramic flame-spreader material
from falling into the burner ports. They shall also be constructed so that disintegration of the ceramic will
not cause an adverse change in the operating characteristics of the burner.

34.2.10 Joints in the pressure zone or in the burner head of a burner assembly shall be gastight and
shall not depend for mechanical strength nor primarily for tightness on cement or other sealing material,
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except for joints forming part of the port area. Joints shall be bolted, screwed, machined, welded, brazed,
or of equivalent construction.

34.3 Oil-fir

34.3.1

ed assemblies

Fuel-confining parts or operating parts of an oil-fired burner assembly shall not sag, distort, melt,

oxidize, show leakage of fuel, or prevent a safety device from functioning during any of the tests specified
in Sections 65— 68 and 92 — 99.

Exception: See 34.3.3.
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ng assembly, atomizer and nozzle assembly, and similar assemblies, intended {|
for'servicing shall be constructed so that, upon replacement, the assembly w

950°F) and a

ble-link valve

t of excessive

put rupture, a

allow leakage

rner shall function so as to reduce thé generation of unburned vapors, and shall not include

passage shall
rner is tested

e of a definite
bled and fixed
facturer. The
e level of the

D be removed
Il self-restore

the atomizer
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34.3.9 A small orifice or other opening in an oil supply system shall be protected by a strainer as
described in 34.3.10 — 34.3.14.

34.3.10 Each strainer shall comply with the requirements in the Standard for Strainers for Flammable
Fluids and Anhydrous Ammonia, UL 331.

34.3.11

percent of the smaller dimension of the smallest fixed opening protected by the strainer.

The larger dimension of the largest opening of a strainer element shall not be greater than 90

34.3.12 For the purpose of these requirements, a metering valve, a float valve, and an automatic-safety
valve shall be considered as a fixed opening, having a diameter of 0.03125 (1/32) inch (0.79 mm) when
No. 1 and 2 oils are used, and 0.0625 (1/16) inch (1.59 mm) when No. 4, 5 and 6 oils are used.
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34.3.13 A primary strainer shall be based on the maximum firing rate of the burner and the heaviest
grade of fuel for which the burner is intended.

34.3.14 Pipe or other fuel conduit used to connect a float valve, metering valve, or safety valve to the
protecting strainer shall be free of dirt and scale at the time of assembly.

34.3.15 A fan housing in which oil leaking from any oil-handling part of the assembly may accumulate
(for example, an inverted fan housing on a gun-type burner) shall be provided with an open drain.

34.3.16 An air tube of a gun-type oil burner shall prevent the accumulation of oil in it. Any drippage from
the nozzle shall drain to the fire box. A drain shall be located to reduce the risk of blockage by refractory or

cement.

34.3.17 Thsg
the firing end
shall be madsd

34.3.18 An
strength, rigid
not less than
thick.

exterior portion of a firing head within 6 inches (152 mm), measured parallel'to
and all parts that may be in contact with masonry when the burner is.installed
of iron or steel. Interior parts shall be made of materials complying,with'34.3.1

puter shell of a blast tube or firing head, if made of sheet metal, shall have t
ity, durability, resistance to corrosion, and other physical properties equivalent {
0.053 inch (1.35 mm) thick or Type 309 stainless steel not'less than 0.026 inc

35 Combination Gas-Oil Burner Assemblies

351 A com
the fuel not b
position or is

35.2 A com
automatically
other fuel is
predetermine
zone.

35.3 Aburn
to the burner

36 Electric

bination burner assembly intended to burp~orly one fuel at a time shall be arrg
bing fired will be shut off automatically when the burner assembly for that fuel i
not intended to be fired.

bination burner assembly intended to burn only one fuel at a time, equippsg
from one fuel to the other, shall be arranged so that the fuel being fired is shut
delivered to the ignition-zene. The ignition system for the fuel to be fired sh
d ignition cycle that shall-be initiated before the delivery of main burner fuel t

er intended to bufn both gas and oil simultaneously shall be regulated so that t
Hoes not exeeed the maximum for which the burner is constructed.

High=Tension Ignition System

36.1 Assen

its axis, from
as intended,
L 34.3.5.

e necessary
0 sheet steel
h (0.66 mm)

nged so that
5 not in firing

d to change
bff before the
all provide a
b the ignition

he total input

36.1.1

iy
Uly

The requirements for electric high-tension ignition systems specified in 36.1.2 — 36.5.2 are based

upon the use of ignition energy that is essentially sinusoidal. Other types of systems employing ignition
energy that is not essentially sinusoidal may be considered. Among the factors taken into consideration in
determining the acceptability of such systems are dielectric properties, electrical spacings, the true root-
mean-square value and the peak voltage of the system, the average pulse power, time between pulses,
duration of the pulses, and duty cycles.

36.1.2 A high-tension current-carrying part, such as a bus bar, electrode, or terminal, shall be enclosed
or insulated to provide protection against the possibility of unintentional contact. See Section 15,
Accessibility of Uninsulated Live Parts and Film Coated Wire.
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36.1.3

If an adjustable air deflector or similar part is employed in the vicinity of bare conductors, the

construction shall be such that the part may be securely fixed to maintain any spacing required to comply

with 83.4.

36.2 Electrode and bus bars

36.2.1

Bare high-tension conductors shall be self-sustaining when in place.

36.2.2 An electrode or bus bar supporting an electrode shall be so constructed that it may be fixed in its

intended pos

ition and maintain the intended gap.

36.2.3 As
insulatoris n

36.2.4 An ¢lectrode shall be prevented from rotating within its insulator, unless._such ro

result in any

36.2.5 An glectrode tip shall be of such material that burning of its point will not be evid

burner is be
material shal

36.2.6 An
or the equiva

36.3 Insul3tors
36.3.1 Aninsulator shall be:
a) Made of ceramic insulating material‘or the equivalent,
b) Impervious to oil and moisture;and
c) Cldanable by wiping.
36.3.2 An ipsulator shall proyide the minimum distance specified in Table 36.1, as measur

surface of th
grounded me

Exception: A

+. laall + 1o PUH 4l H 4 H lat Tl 4 ' laall lo
OUITVV olldil TIUU UTdadl uncuu_y GHGIIIDL dalit miouliatur. 111 CUTTouuLsutulT olidirt T

bt likely to be damaged when tightening the securing means.

Change in spacing or alignment.

ng tested in accordance with Sections 93 — 95. High-temperature alloy steel
be used for the electrode tip.

lent, to prevent oil running down the electrode from reaching the insulator.

b insulator, between the nearest point of an uninsulated current-carrying part an
tal surface.

N insulator included in a proved gas pilot assembly to be energized by a transfo

secondary voltage of not more than 6000 volts need not comply with 36.3.2 and Table 36.1 i

such that an

ation will not

ent while the
or equivalent

il burner electrode slanting downward toward its ifisulator shall be provided with a drip loop,

ed across the
d the nearest

rmer having a

[ ignition is for

combustible air-gas mixtures under pressures of not less than 1/4 inch water column (62 Pa) and handled
only within or adjacent to a pilot tip or nozzle.

Table 36.1
Spacing over surface of insulators

Secondary voltage of ignition

Minimum surface distance over insulation

transformer inches (mm)
Not more than 10,000 1-1/2 38.1
Not more than 15,000 2 50.8

NOTE — Except as indicated in 36.3.2, an insulator included in the assembly of a spark-ignited gas burner or gas pilot shall have
an over surface spacing of not less than 1 inch (25.4 mm) if the secondary voltage of the ignition transformer is 6000 volts or less.
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36.3.3 An insulator shall be located so that no detrimental accumulations of carbon will form on its
surfaces when the burner is tested in accordance with the requirements in Sections 93 — 95, Ignition Tests.

36.4 Leads

36.4.1 Ignition cable shall have a voltage rating equal to or greater than the rated secondary voltage of
the ignition transformer. Each end of a high-tension lead shall be provided with a fixed loop, eyelet, or
connector to facilitate the provision of electrical connection to the terminal. A high-tension lead or cable
shall be run individually in a manner that does not require sharp bends.

36.4.2 An ignition cable that passes through a metal wall shall be protected by an insulating bushing of
porcelain or 2 nd 1.6 mm),
respectively, ¢or by other msulatlng materlals that prowde equwalent protect|on.

36.5 Transformers

36.5.1 A trgnsformer shall be mounted as closely as possible to the spark 'gap to provYide leads of
acceptable lenpgth. It shall not be located within 1 inch (25.4 mm) of the floorwhen the burner s installed in
accordance with the manufacturer's installation instructions unless that portion of the case within 1 inch of
the floor is waterproof.

36.5.2 A trahsformer high-tension insulator shall be spaced atdeast 1/8 inch (3.2 mm) from jany adjacent
metal part other than the transformer case.

37 Electric|Hot-Wire Ignition System

37.1 An ele¢tric hot-wire ignition system shall:
a) Be acceptable for the application,
b) Haye a voltage rating not less.than the circuit in which it is employed, and

c) Comply with the requirements specified in 95.3.1 — 95.6.2.

37.2 The wiring between atransformer and an electric hot-wire igniter shall be of sufficienf capacity for
the current ipvolved and_‘shall be provided with insulation having a temperature rating apd thickness
consistent with its use.Bare terminals shall be enclosed.

38 Gas Pilqts

38.1 General

38.1.1 A pilot burner not automatically lighted shall be placed so that it can be lighted manually without
increasing the risk of fire or injury to persons.

38.1.2 A pilot burner, electric igniter, and pilot flame-sensing device shall be supported in such a manner
that their position relative to each other and to the ports of the main burner or burners will remain fixed and
means shall be provided to reduce the possibility of incorrect assembly or mounting of any pilot burner in
relation to the burner being served.

38.1.3 Clearance shall be provided for removal and replacement of the pilot burner without kinking the
pilot gas tubing.

38.1.4 Primary air openings and orifices shall be accessible for servicing.
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38.1.5 Tips of continuous burning aerated pilot burners shall be made from AISI Type 416 stainless steel
or material having at least equivalent heat and corrosion resistant characteristics. Nickel alloys of greater
than 1.0 percent nickel shall not be used due to the possibility of catalytic cracking effect.

38.2 Gas-fired burners

38.2.1 A pilot provided for ignition of a main burner unit shall be proved. If multiple burners are operated
as a unit, a sufficient number of pilots shall be used to accomplish proper ignition.

38.2.2 The gas-supply pressure to the pilot or a group of pilots shall be regulated separately of the main
burner-gas regulator. The pilot-supply line shall be connected, or arranged to permit connection, upstream

from all mai

Exception: A
combustion

pressure of {
load applicat

38.23 Ifa
the side or tg
regulators.

38.3 Oil-fired burners

38.3.1 A pi

firing or when the burner fails to ignite.

burner valves and the main burner reaulator
g >

gas burner having an input rate of 400,000 Btu per hour (117 kW) or leSs 'to

chamber may be provided with a single gas-appliance pressure-regulator f
oth pilot and main-burner gas, provided it is of the type acceptable’for-pilot an
on.

bilot burner-supply line is taken from a horizontal line, the connection shall be n
p of the pipe. The pilot-supply line shall be connected upstream of all main burn

ot burner shall be located so that fuel oil will not accumulate on or in it when

bny individual
0 control the
' main burner

hade either at
er valves and

the burner is

38.3.2 The|gas pilot shall be independently controlled by means of a manually operated pilot-shutoff
valve.

39 Valves

39.1 Geneyal

39.1.1 The|pressure rating of a valve shall be not less than the maximum operating pressure of the
burner.

39.1.2 Safgty-shuioff valves shall be constructed so that they can not be restrained or hlocked in the
open position.Such valves shall close upon being de-energized regardless of the position of an operating

lever or resettrandte:

39.1.3 An electrically operated safety-shutoff valve shall not depend on electricity to shut off the fuel

supply.

39.1.4 A pressure-operated safety-shutoff valve shall close upon complete loss of pressure.

39.2 Automatic safety-shutoff valves — gas-fired burners

39.2.1

Each main burner supply line and each pilot supply line shall be equipped with at least one safety-

shutoff valve that will close, independent of external force and with sufficient closing force to provide tight
shutoff under intended operating conditions. If the maximum firing rate per combustion chamber exceeds
2,500,000 Btu per hour (733 kW), the main burner-supply line shall be equipped with:
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a) Two safety-shutoff valves, in series, or one safety-shutoff valve of the type incorporating a valve
seal overtravel interlock, when the maximum firing rate per combustion chamber exceeds

2,500,

000 Btu per hour but is not more than 5,000,000 Btu per hour (1,465 kW), or

b) Two safety-shutoff valves in series, one of which is of the type incorporating a valve seal
overtravel interlock when the maximum firing rate per combustion chamber exceeds 5,000,000 Btu
per hour. Burners having a maximum firing rate per combustion chamber in excess of 12,500,000
Btu per hour (3,663 kW) and equipped to fire fuel gas having a specific gravity less than one shall
also include a normally open 3/4-inch (19-mm) or larger electrically operated valve in a vent line
located between the two safety-shutoff valves.

39.2.2 Safety-shutoff valves shall shut off after being de-energized within the time limits specified in

Table 46.1.

39.2.3 A by
input only. A
safety-shutoff

pass to provide for minimum flame may be installed around a valve used to
pypass shall not be installed around a safety-shutoff valve or a combination inpu
valve.

39.2.4 Means shall be provided to facilitate testing automatic valves for\eakage when i

position.
39.3 Autonm

39.3.1 Ana

atic safety — shutoff valves- oil-fired burners

utomatic safety valve shall shut off in not more ‘than 5 seconds after being de

shall be consjructed so that it may not be restrained or blocked in the open position.

39.3.2 A ng
atomizing pre

ssure of the burner.

39.4 Manugl valves — gas-fired burners

39.4.1
for pressureg
Manually ope
position, shal

3942 Am
burners of e
safety-shutoff

!

Mandially operated main-shuteff and pilot-shutoff valves in sizes larger than 2 inche

greater than 0.5 psig ‘(3.4 kPa) shall be of the lubricated plug or ball type
rated valves shallyhave the handle attached parallel to the gas flow when
be accessible(and shall be marked to indicate the on and off positions.

nually op€rated main-burner-shutoff valve shall be installed in the line suppl
ch gas-device and shall be located upstream of main-burner-gas control a
valves.

regulate fuel
t control and

n the closed

energized. It

zzle-shutoff valve of the automatic_type shall close at a pressure above the minimum

5 (51 mm) or
, with stops.
in the open

ying all main
hd automatic

39.4.3 A manually operated pilot-shutoff valve shall be located in the gas supply line to a pilot burner or

burners.

39.4.4 A manually operated main-burner-test valve (checking-gas cock) shall be provided downstream
from the safety-shutoff valve for each main burner that is manually lighted. The test valve shall be
interlocked with the safety-control circuit and arranged so that the main burner-safety shutoff-valve must
be opened against their associated closed test valve.

39.5 Manual valves - oil-fired burners

39.5.1

seal to the exterior of the valve body, shall not be used in a fuel-oil line.

39.5.2 An air-bleeder valve provided in the oil supply line shall be of a self-closing type.

A plug or rotating-disc type valve, employing the bearing surface of the plug or disc as the liquid
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39.5.3 A pressure-regulating valve shall incorporate a means of shielding or locking the adjustment to
discourage tampering by unauthorized persons after being set. The valve shall be constructed so that the
maximum pressure of oil at the maximum valve setting will not exceed the intended maximum pressure for

the burner.

39.6 Press

39.6.1

ure-relief valves

A pressure-relief valve used in an oil-fired burner shall be connected into a fuel line in which

pressure may build up in excess of that intended by the construction, because of the closing of any valve

in the assem
40 Pressu

40.1 A spri
weights cove

40.2 Thed
connected. §

40.3 Agas
stream of al
integral part

41 Heating

41.1 Heatin
steel, if used
equivalent to

a) Fo

b) Fo

41.2 Comb
accessible fg

41.3 Joints

re Regulators

bly of the burner or when the oil is heated by a preheater.

ng or weight loaded pressure regulator used in gas-fired burners shall_have t
red by a housing. A weight and lever type of regulator shall not be used.

aphragm housing of a gas-pressure regulator shall be constructed. so that a ven
ee 112.3.4 for the marking requirements for vent-line connection,

pressure regulator shall be furnished on a gas-fired burner) The regulator shall i
automatically operating valves and pressure detecting devices. This regulat
bf a gas valve assembly or a separate unit.

Surfaces and Combustion Chambers

g surfaces shall be constructed of cast iron, sheet steel, or other acceptable m
shall have strength, rigidity, durability; resistance to corrosion, and other physi
AISI Type C1010 sheet steel that:

a gas-fired burner is not less.than 0.053 inch (1.30 mm) thick.

an oil-fired burner is notless than 0.042 inch (1.07 mm) thick.

ustion-chamber (fire box) lining, if used, shall be durable, securely held i
r replacement with an equivalent material.

in heating surfaces shall be welded, lock-seamed, machined, and bolted of

tightness of

a
cement for tiEhtness. A slip or lap joint shall not depend solely upon friction of the joint itsel

For some exgmples of an acceptable lock-seam, see Figure 41.1.

ch joint'shall be equivalent to that provided by lock-seaming and shall not dep

he springs or

t pipe may be

e located up-

br may be an

aterial. Sheet
cal properties

h place, and

riveted. The
end solely on
f for strength.
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FOL

Figure 41.1

Types of acceptable lock-seams

D LOCKED DOUBLE LOCK

"

OFFSET

STAN

— &=

ACME LOCK

FD1

42 Baffles

42.1 A baff

position. A flie baffle shall be made'of material having resistance to corrosion equivalent

C1010 sheet]
excessive ten

\

ING SEAM DOUBLE

E3

CORDON SEAM

00

e in a flue-gas passage-or-otherwise exposed to combustion products sha

steel not less than, 0.042 inch (1.07 mm) thick, unless its deterioration w
peratures when the\product is tested in accordance with Section 67.

42.2 Each f{
dislodged or

as to reduce the possibility that they may be replaced in an incorrect position.

43 Draft Cantrol

lue baffle shall be removable for cleaning or shall be constructed so that
istorted during cleaning. Flue baffles that are removable for cleaning shall be cq

Bl

LOCK SH

SEAM

AM

| be fixed in
to AISI Type
Il not cause

it cannot be
nstructed so

43.1

An adjustable damper, if provided, shall be equipped with minimum and maximum operating stops.

The minimum operating stop for the damper shall be located to obtain sufficient air for complete

combustion a

t minimum burner input.

43.2 An automatically operated damper, if provided, shall maintain the intended damper opening at all
times and be arranged to prevent starting of the burner unless the damper is in the intended position for

starting.

43.3 An automatically operated flue damper, if provided, shall be counterbalanced to assume an open
position in the event of breakage or failure of its operating means. Operating parts shall be located or
shielded so that interference with their movement will not increase the risk of injury to persons in case of

breakage.
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43.4 A barometric-draft regulator or draft hood, if provided, shall not require installation in a false ceiling,
in a different room, or in any manner that will permit a difference in pressure between the air in the vicinity

external to th

e regulator or draft hood and the combustion-air supply.

43.5 Deleted

43.6 A draft hood, if provided, shall comply with the applicable construction requirements in the Standard
for Draft Hoods, ANSI Z21.12.

43.7 An adjustable flue damper shall not be used in connection with a product equipped with a draft hood
or draft regulator.

44 \Venting

441 A flue
equivalent tq
specified for
permit secur

collar or a flue-collector part shall have the rigidity, heat, and corrosion’resis

that of AISI (American Iron and Steel Institute) Type 1010 steel\ having a
heating surfaces. The collar shall extend externally through the casing a sufficie
p attachment of the vent connector.

45 Fuel-Supply System

A gravity tank intended to be included as part of the product shall have a capacit

451 Oil tanks
45.1.1
than 60 £3 g

permanent a

451.2 A ta
other than th
the purpose.

451.3 The
mm). An acc

4514 The
sheet metal
free from blis

allons (227 +11.3 L). A 5-percent tolerance'is acceptable. The tank shall be ¢
tachment to the product.

nk shall be constructed of noncombustible material acceptable for the purpg
ose described in 45.1.3 — 45,1410 are to be investigated to determine their ac

thickness of uncoated sheet steel employed in tanks shall not be less than No.
bptable finish shall be applied to uncoated surfaces of tanks to prevent rusting p

thickness oftaluminum-coated steel, galvanized steel, terne sheet, and corrg
bmployed/in‘tanks shall not be less than that specified in Table 45.1. Coated g
ters, flux,'and uncoated spots visible to the unaided eye.

ance at least
thickness as
nt distance to

y of not more
bnstructed for

se. Materials
ceptability for

8 MSG (1.07
ior to use.

sion resistant
heet shall be

Table 451

Minimum thickness of sheet metal for fuel tanks

Actual capacity, gallons (L)

Minimum thickness, gauge no.

3 orless (11.4 or less) 26
3.1-6.0(11.5-22.7) 24
6.1-10.5(22.6 —39.7) 22

45.1.5 The thickness of a zinc coating on sheet steel shall not be less than that on Grade G90
galvanized steel complying with the Specification for Steel Sheet, Zinc-Coated (Galvanized) by the Hot-
Dip Process, Lock-Forming Quality, ASTM A526-90.

45.1.6 The coating of terne sheet shall not be less than 8 — 12 pounds (3.6 — 5.4 kg) per double base box
[112 sheets, 20 by 28 inches (508 by 711 mm)].
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45.1.7 The coating of aluminum-coated steel shall not be less than 0.5 ounce per square foot (152.8
g/m?) of sheet.

45.1.8 A material with coating thicknesses other than as described in 45.1.5 — 45.1.7 may be
investigated for equivalence to Grade G90 zinc-coated steel not less than 0.019 inch (0.48 mm) thick.

45.1.9 A material having each side differently coated may be used, provided the material complies with
45.1.8 on the side of the material that is in contact with oil. The outside of the fuel tank shall be provided
with corrosion protection by painting or plating.

45.1.10 A tank made of uncoated sheet steel, aluminum-coated steel, and terne sheet shall be of full-

drain constru

fuel outlet at t

45111 A fg
removal of an
may be acco
average adul

45.1.12 Eag
secure. A join
Brazing or we
surfaces in ¢
bosses or fitti

45113 An

ction—FEull=-drain-construction-is—obtained hy hllilrﬁng a tank so that it is nmpfin

he bottom of the tank.

nk not required to be of full-drain construction, and not so designed, shall all
y accumulation of water or sludge. For a gravity tank not over 18 inches (457 m

hand.

h joint of a tank shall be lock-seamed, brazed, welded{or otherwise made

t not continuously brazed or welded shall be thoroughly sweated with solder g
Iding of coated sheets less than 0.042 inch (1.07 mm) thick shall not damage t
bntact with oil when the tank is full. All connections shall be made through s
ngs mechanically secured to the tank.

ntegral-gravity tank shall be provided with:

a) A liquid-level indicator that is readily observable when the tank is being filled, or

b) Afi
inches

| opening of a shape and size permitting ready observation of the fuel level withi
(51 mm) of the lowest pointof overflow while the tank is being filled.

45.1.14 A tank that employs a gauge glass or any other fuel-level indicator that, when dg

allow flooding
as intended,
112.1.20. If

subjected to t

45.1.15 Thsg
45.1.13 shall

at the burner or gseape of fuel from the tank either when the tank is installed o

or is in a posijtion”in which it may be stored or carried, shall be marked as
he indicatortvemploys thermoplastic, gasket, or other seal materials, the t
he Tests on_Gaskets, Seals, and Parts, Section 70.

top of the fill opening of a tank not equipped with a gauge complying with the rg
hot'bé above the level at which fuel will overflow the tank.

through the

bw the ready
m) deep, this

mplished by providing an accessible fill opening large enough.to permit enfrance of the

mechanically
r equivalent.
he coating of
plid threaded

h the upper 2

maged, may
n the product
specified in
hnk shall be

quirement in

45.1.16 A gravity tank shall permit ready filling by the user without increasing the likelihood of spillage of

fuel.

45.1.17 A product equipped with a three-way valve to permit optional fuel feed from the integral tank or
from a separate tank shall be arranged so that the valve cannot be positioned to permit oil to flow from one
tank to the other, or permit oil to be delivered from both tanks simultaneously.

45.2 Fuel lines and piping

45.2.1
General Purp

ose (Inch) Pipe Threads, ANSI/ASME B1.20.1.

An opening threaded for pipe connection shall be threaded in accordance with the Standard for
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45.2.2 An opening for field attachment to pipe larger than nominal 3-inch ANSI/ASME B1.20.1 pipe size
shall be provided with a flanged pipe connection complying with the Standard for Cast Iron Pipe Flanges
and Flanged Fittings, ANSI B16.1.

45.2.3 A fitting, other than one complying with the appropriate American National Standard, shall comply
with the applicable torque requirements specified in Table 105.1.

45.2.4 Iron or steel supply pipe employed on a product shall comply with the Standard for Wrought Steel
and Wrought Iron Pipe, ANSI B36.10, Schedule 40. If brass or copper pipe is employed, it shall be
dimensionally equivalent to iron pipe. Substantial malleable iron, steel, brass, or copper pipe fittings shall

be used with

pipe. Unions, where used, shall be the ground-joint type or the equivalent.

4525 End

45.2.6 Ben
a) Ha
b) No
c) Be

d) Be
45.2.7 The
67.1. Tubing

following the
type fittings v

45.2.8 Sea

5 of piping and tubing shall be reamed to remove obstructions or burrs.

-supply piping shall:

ve the bends smoothly made without any appreciable reduction in.the cross-sec
| be damaged by the bending process,

annealed if necessary to remove internal stresses, and

cleaned inside to remove loose particles.

tubing and fittings shall not be exposed to temperatures greater than those spe

contour of the product. Tubing connections shall be made by means of comprd
ith steel or brass nuts.

mless drawn aluminum or copper-tubing and steel tubing of the seamless, braz

ional area,

cified in Table

shall be arranged to reduce the likelihood of mechanical damage, such as by closely

ssion or flare

ed, or welded

type employed in the fabrication of a factaery-assembled product shall be not less than 1/4{inch nominal
(approximatgly 6 mm) outside diameter~and shall have a wall thickness not less than thgt specified in
Table 45.2.
Table 45.2
Wallthickness for aluminum, copper, and steel tubing
Oulside diameter Minimum wall thickness, inches® (mm)
inches (mm) Aluminum and copper Steel
1/8 (3.18) 0.029 (0.74) 0.028 (0.71)
3/16 (4.76) 0.029 (0.74) 0.028 (0.71)
1/4 (6.35) 0.029 (0.74) 0.028 (0.71)
5/16 (7.94) 0.029 (0.74) 0.028 (0.71)
3/8 (9.53) 0.032 (0.81) 0.028 (0.71)
7/16 (11.11) 0.032 (0.81) 0.028 (0.71)
112 (12.70) 0.035 (0.89) 0.028 (0.71)
9/16 (14.19) 0.038 (0.96) - -
5/8 (15.88) 0.038 (0.96) 0.035 (0.89)
3/4 (19.05) 0.045 (1.14) 0.035 (0.89)

Table 45.2 Continued on Next Page
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Table 45.2 Continued

Outside diameter Minimum wall thickness, inches® (mm)
inches (mm) Aluminum and copper Steel

7/8 (22.23) 0.045 (1.14) 0.049 (1.24)
1 (25.40) 0.049 (1.24) 0.049 (1.24)
1-1/8 (28.58) 0.049 (1.24) 0.049 (1.24)
1-1/4 (31.75) 0.055 (1.40) 0.049 (1.24)

1-3/8 (34.93) 0.055 (1.40) - -
1-1/2 (38.10) - - 0.065 (1.65)

@ Nominal wall thickness of tubing will have to be greater than the thickness indicated to maintain the minimum wall fhickness.

45.2.9 Aluni
than neutral
dissimilar me

45210 Ste
corrosion-res

otherwise treated to resist external corrosion.

45211 Cad
be less than
the area, in W
(0.0038 mm).

45212 Fle
employed. It
be subjected
with safety de

45.3 Gas-fi

45.3.1
threads.

Tapp

45.3.2 Com
petroleum ga

inum tubing shall not be exposed to condensate; pass through insulating mat
reaction, unless the tubing is protected from the insulation; be used’in com
als; or be used in machines that use propane in areas where it may ‘contact proq

b| tubing having a wall thickness of 0.053 inch (1.35 mm)“or less shall be ¢
stant material such as stainless steel or shall be painted, plated, dipped

D.0005 inch (0.013 mm) thick, except on parts\where threads constitute the m4
hich case the thickness of the cadmium or(zinc plating shall be not less than

ible-metallic hose shall not be used as a substitute for rigid piping or tubing
use shall be confined to applications in which rigid piping or tubing is impractic

vices or where bending is‘caused by automatic operation.
'ed products

ed holes for gas’/valves, pilots, or other branch supply lines shall have at lea

ses. Arfitting requiring the use of a gasket to obtain a gas-tight joint shall not be

erial of other
bination with
ane.

pnstructed of
, coated, or

mium plating shall not be less than 0.0003 inch(0.008 mm) thick, and zinc plating shall not

jor portion of
D.00015 inch

as ordinarily
pl. It shall not

to torsional, tensile, or bending stresses or to abrasion. It shall not be used in conjunction

st 3-1/2 pipe

poundsisUsed on threaded joints of gas piping shall be resistant to the actiop of liquefied

sed.

45.3.3

If a vertical section of piping is supplied on the upstream side of the gas controls, a trap in this

piping shall be supplied by the manufacturer. If a vertical section of piping is not supplied, the installation
instructions shall require the installation of a trap at the inlet of the gas connection of the product.

45.3.4 Copper tubing or tubing with internal copper surfaces, used for conveying gases other than liquid
petroleum gases, shall be internally tinned or equivalently treated to resist corrosion by sulfur compounds.

453.5 A 1/8-inch (3.2-mm) iron pipe size or larger plugged tapping, accessible for test gauge
connection, shall be furnished downstream from the last main line gas control for measuring gas pressure

at the burner.
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45.4 OQil fired products

4541

the connection will not drip or run onto electrical parts.

46 Controls

46.1

46.1.1

General

volts. A safety control or protective device shall interrupt the ungrounded conductor.

A coupling or union that is disconnected for service shall be located so that any oil dripping from

A safety-control circuit shall be two-wire, one side grounded, having a nominal voltage of 120

Exception: T
extension of

rendered in
than describ

46.1.2 A ci{?trol circuit shall be constructed so that a safety control or pratective devi

46.1.3 A cq
that can be fi
in accordanc

46.1.4 All s
screwdriver,

46.1.5 A ssg
the intended
in its intende

46.1.6 A pr
burner witho

46.1.7 A bl
after any con

power supply.

4618 Ab
product bein

his requirement does not apply to a supervised circuit within a safetyccon

ective by a short circuit to ground. Safety-control-circuit arrangements and
d in 46.1.1 shall provide equivalent protection.

ntrol circuit shall be arranged so that it may be connected to a power-supply
Ised at not more than the value appropriate for the rating of any control include
e with the National Electrical Code, ANSI/NFPA 705

afety controls shall be accessible. Partial disassembly with ordinary hand tod
s acceptable.

fety control shall be supported in suchya manner that it and its sensing element
position. It shall be possible to determine by observation or test whether or not €
J location.

pduct shall not provide means to render any safety control ineffective or to allo
it the protection of each of the required safety controls.

rner not equipped-to provide automatic restarting shall be arranged to require n
trol functionstto.Cause the fuel supply to be shut off and following restoration of

 fired.

such circuit to a separate element of the control, such as a flame-sensing-device.

frol or to the

ce cannot be
oltages other

branch circuit
1 in the circuit

Is, such as a

will remain in
ach control is

w firing of the

hanual restart
bn interrupted

irner “'shall permit installation with a limit control to prevent excessive tempgrature in the

46.1.9 The control circuit of a burner intended for use with a limit control, that functions to interrupt or
reduce the delivery of fuel for combustion by opening an electrical circuit, shall be arranged to permit the
limit control to be wired into the circuit so as to effect the direct opening of that circuit, whether the
switching mechanism is integral with or remote from the sensing element.

46.1.10 The requirement in 46.1.9 is intended to prevent interposing in the limit-control circuit other
controls, the failure of which may result in a condition the limit control is intended to prevent. For this
purpose, a limit control may interrupt the pilot circuit of a magnetic-type motor controller that, in turn,
directly opens the desired circuit when it is necessary to interrupt a single-phase circuit carrying a load
greater than the capacity of available limit controls, or to interrupt a multiphase circuit.

46.1.11 A burner circuit shall be arranged to prevent feedback by a motor, capacitor, or similar device
from energizing a fuel valve or ignition device.
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46.1.12 Cabinet compartments housing gas piping and controls for a gas-fired burner shall be ventilated.
46.2 Combustion-air controls

46.2.1 An air shutter shall be adjustable to any intended setting and be provided with means that will
reduce the likelihood of an unintentional change in the setting.

46.2.2 The air inlet arrangement shall supply sufficient air for complete combustion under the specified
draft condition and at the maximum rate of firing when the burner is installed as intended. All the air
required for complete combustion shall be introduced in a manner that will allow thorough mixing of the

fuel and air in

order to complete the combustion within the combustion zone.

46.2.3 Ana

46.2.4 Shesg
shutters are |
be reinforced

46.2.5 An 4
Screws or bo

A

[«

46.2.6 An
adjustment, a

46.2.7 A bu
supply with th
control.

46.2.8 Link{
unintentional

46.29 Aga
to obtain the i

supply.

46.2.10 If a
effective meq
supply. The g

t metal air shutters shall not be less than 0.0254 inch (0.65 mm) thick? If sh
bss than 0.0508 inch (1.29 mm) thick, they shall have the outer edge turned at ri
in an equivalent manner.

r shutter shall be constructed to reduce the possibility of. sticking or corrodin
ts used for attaching or adjustment shall be of corrosion-résistant material.

djustable part shall be guided to prevent its movément from its intended
nd the means for adjusting the part shall be accessible for servicing.

rner arranged to change the firing rate automatically shall automatically prop

ge for operating air and fuel controls shall maintain the intended fuel-air ratio arn
damage and disengagement:

5-burner assembly eguipped with a forced or induced draft fan, or both, shall bg
htended combustion-level or it shall shut off the fuel supply immediately upon fai

r under pressure is mixed with the gas supply in a mixer and is automatical
ns shall be provided to prevent air from passing back into the gas line, or ga
as and-air supply shall be controlled to prevent gas from entering burners until {

is available a||1d, inthe event of air failure, to shut off the gas supply.

r shutter shall provide a smooth surface between the shutter and the matching f:lace.

eet metal air
ght angles or

j in position.

path during

brtion the air

e fuel, if necessary, to produce stable combustion at all firing rates allowed by the automatic

d shall resist

b constructed
ure of the air

y controlled,
S into the air
he air supply

46.2.11

If air for combustion is supplied mechanically by a source from which the flow may be

interrupted, provision shall be made to shut off the fuel supply to the main burner and pilot assembly upon
failure of the air supply. A supervised secondary pilot as described by 46.5.8 need not include provision for
fuel shut off on failure of the combustion air supply.

46.2.12 A gas burner shall be equipped to provide preignition purging in accordance with 46.2.13 and
46.2.16.

Exception: Preignition purging is not required if the burner is equipped with a continuous pilot and the
assembly is arranged so that any and all gas from the burner ports will be lighted and burned without
increasing the risk of fire or injury to persons.
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46.2.13 A forced- or induced-draft gas burner assembly shall provide preignition purging for the
combustion chamber, heat exchanger, and flue passages of the product to which the burner assembly is to
be applied, immediately before ignition of an interrupted or intermittent pilot. Purging shall continue for a
sufficient time to permit at least four air changes of this volume. Purging shall be at an air-flow rate not less

than the equi

valent of that provided for combustion at one-third rated high-fire input.

46.2.14 The following are considered to provide purging in accordance with 46.2.13.

a) A purge period of 30 seconds, during which time air flow at a rate equivalent to that provided for
combustion at rated high-fire input of the burner assembly or product is obtained.

b) A purge period of 60 seconds, during which time air flow at a rate equivalent to that provided for

comb|

c)A(
comb,

46.2.15 Pu
considered g
sufficient to

flue-passage

46.2.16 An

or draft damper that is closed or positioned so as to restrict the.passage of air when the burn

shall provide|
immediately

46.3 Opers

46.3.1 A hi

control or a flow sensing device. For a machine that incorporates water heating means su

devices shal
46.4 Limit
46.4.1 Apr

fire, electric s
than any ope

Stion at one-nalr rated nign-tire put or the purner assemply or product IS obtal

urge period of 90 seconds, during which time air flow at a rate equivalent(ta 'tha
ustion at one-third rated high-fire input of the burner assembly or product is obta

rge periods less than those indicated in 46.2.14 for a product's,_burner asse
s providing purging in accordance with 46.2.13 if the quantity:of purge air flow
brovide at least four air changes of the product's combustion.chamber, heat e
volume.

means to open such air shutters or dampers*to-the high-fire position for at leas
before each light-off cycle is initiated.

ting controls

gh pressure cleaning machinexshall be provided with a temperature or press
regulate the heat source-{o retain the water temperature between the intended s
controls

bduct shall be provided with a limit control if, under conditions of abnormal oper

hock, or ipjuty to persons exists. Limit controls shall be in addition to and set at
rating control.

46.4.2
and low valu

If the

product is equipped w

ith an operating control that only regulates the fuel input

ed.

t provided for
ned.

mbly may be
s found to be
changer, and

atmospheric or natural-draft gas burner equipped/with an automatically operated air shutter

er is not firing
5t 90 seconds

Lire-regulating
ch controls or
setpoints.

tion, a risk of
higher value

between high

limit control shall be provided.

et point of the

46.4.3 The limit control for a product shall prevent pressure in excess of the intended working pressure
or a water temperature of not more than the temperature of saturated steam at the intended working

pressure.

46.4.4 Limit controls shall be marked in accordance with 112.1.25.

46.5 Primary-safety controls — gas-fired burners

46.5.1

main burner safety-shutoff valve upon loss of flame at point of supervision.

Each burner assembly shall be provided with a primary-safety control that will de-energize the
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46.5.2 The time interval between loss of flame and de-energizing of the safety-shutoff valves shall be as
specified in Table 46.1.

Table 46.1
Rated timings for gas-fired products
Maximum firing rate per combustion chamber in million Btu per hour
0.4 (117 kW) or less Over 0.4, but 2.5 or less Over 2.5 (733 kW)
Program Timing in seconds
Continuous ignition
Flame-establfshing period 120 120° 20
Flame-failurgl response time 180 4 4
Flame-failurejreignition time 0.8 0.8 0.8
Valve closing|time a 5 1
Intermittent ignition
Flame-establjshing period 90 15 10
Flame-failurg response time 180 4 4
Flame-failurel reignition time 0.8 0.8 0B
Valve closing|time a 5 1
Interrupted ignifion
Ignition mears flame- 90 15 10
establishing pefiod
Main burner flame- 90P 15¢ 1¢°
establishing pefiod
Flame-failurg response 180 4 4
time?
Flame-failurg| reignition 0.8 0.8 0B
time®
Valve closing|time a 5 1
Direct ignition
Flame-establjshing period 60
Flame-failure response time 90 Not permitted
Flame-failurg reignition time 0.8
Valve closing|time a
2 Included in flame*failure response time.
® Includes main‘gasvatveopeming-time-fronrimitiationrof gas ftow:
¢ May be 30 seconds for burners, other than power burners, with a safety shutoff valve having a full opening time of not less than
25 seconds.
4 Applicable to both pilot and main burner flame failure.
¢ Applicable to pilot flame-failure reignition only.
fNot acceptable on mechanical draft burners.

46.5.3 A burner assembly shall be equipped with an automatic gas-ignition system. This system shall be
constructed to provide for ignition by means of one of the following:

a) For a product having an input of 400,000 Btu per hour (117 kW) or less for each combustion
chamber, a direct ignition device; or

b) A proved igniter or pilot.


https://ulnorm.com/api/?name=UL 1776 2023.pdf

OCTOBER 19, 2023 UL 1776 81

46.5.4 An ignition system as described in 46.5.3 (a) shall provide for automatic shutoff of main burner
gas if the presence of the main burner flame is not proved.

46.5.5 An ignition system as described in 46.5.3 (b) shall provide for automatic shutoff of all gas if the
presence of the ignition source is not proved.

46.5.6 An ignition system shall provide for automatic shutoff of the main burner gas without reenergizing
the direct ignition device in the event of main burner flame outage during an operating cycle.

46.5.7 Pilot supervision by the primary-safety control shall be only at the point where the pilot flame will
effectively ignite the gas at the main burner or burner group. The supervision shall be effective with the
pilot burning

aith any flame r\apahln of actt |inng the cafofy control.

46.5.8 If a pilot is not proved, the gas to the pilot shall be automatically shut off and, 'safety shutdown

established.
interval spec
(1.47 kW) o
acceptable.

46.5.9
safety-contrg
features sha

or injury to pgrsons.

46.5.10 Th
and interrupt
See 46.5.11.

46.5.11 Su
establishing

a) Th

If burner assemblies are constructed for multiple installatiofyin single devices, f{

In the event of pilot extinguishment the gas to such pilots shall be shut’off W
fied in 46.5.10. A pilot, independently supervised, having an hourly input of 500
I less, intended to light a larger pilot that is supervised in accordance wif

I mechanism of each burner assembly shall operate independently of the other,
| be provided so that in no case can any one burner'operate so as to increase

b time required to prove an expanded pilat,.the pilot flame-establishing period f
ed pilots, and the main burner flame-establishing period shall be as specified

pervision of the main burner flame only shall begin at the end of the main
period if:

e maximum firing rate per.combustion chamber is more than 2,500,000 Btu per

ithin the time
Btu per hour
h 46.5.10, is

he automatic
or equivalent
the risk of fire

Dr intermittent
n Table 46.1.

burner flame

our (733 kW)

for a mechanical draft burner and 5,000,000 Btu per hour (1465 kW) for an atmosphetfic burner, or

b) The burner assembly-is provided with interrupted pilot, or
¢) The maximum-firing rate per combustion chamber is more than 2,500,000 Btu [per hour and
modulating or-high-low firing is employed. If the main burner flame is not proved, safety shutdown

shall

he established.

e I ~aVaWaVaYalll o X 1

46.5.12 If t
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er hour (733

kW), a burner assembly shall be equipped with low- and high-gas-pressure switches. The switches shall
cause a safety shutdown in the event the gas pressure varies by +50 percent of rated pressure down-
stream of the main-burner regulator. The low-gas-pressure switch shall be located up-stream or down-
stream of the safety-shutoff valve. The high-gas-pressure switch shall be located down-stream of the
safety-shutoff valve.

46.6 Primary-safety controls — oil-fired burners

46.6.1 An oil burner shall be equipped by the burner manufacturer or the product manufacturer with a
primary-safety control.

Exception: An oil burner need not be equipped with a primary-safety control provided all of the following
conditions are met:


https://ulnorm.com/api/?name=UL 1776 2023.pdf

82 UL 1776 OCTOBER 19, 2023

a) The machine is portable.
b) The fuel input does not exceed 4 gallons (15.1 L) per hour.
c) The burner employs continuous spark ignition.

d) The machine is provided with an integral fuel tank having a capacity of not more than 10 gallons
(37.9L).

e) The combustion chamber is constructed so that it can accept the entire capacity of the tank
without spillage to the outside.

f) The discharge hose length does not exceed 60 feet (18.3 m).

46.6.2 A primary-safety control shall comply with the requirements in 46.6.3 and 46.6.4.and [Table 46.2.

46.6.3 A bufner having a firing rate of not more than 4 gallons per hour (15.1 L/hr),'"which upon ignition or
flame failure ¢ollects or retains within a metal fire pot or receptacle furnished by 'the manufagturer as part
of the burneff assembly all of the oil delivered for combustion, may be equipped with ar] antiflooding
device.

46.6.4 A primary safety control for a burner, except one equipped as specified in 46.6.3, shgll be a safety
combustion cpntrol having nominal safety timings as specified in-Fable 46.2. Except as permitted by note®
to Table 46.2| a burner having a firing rate above 20 gallonsper hour (76 L/hr) shall be eqyipped with a
safety control providing for proved ignition. The pilot flame ar.ignition-establishing period shal| be not more
than 15 secomds. At the end of the main flame-establishing period, supervision of the main flame only shall
begin.

Table 46.2
Safety control timing for oil-fired products

Maximum main flame Ignition Main flame establishing Flame-failure neaction time®,
hourly inpuf gallons (L) period®?, seconds secqnds
3 (11.4) [approyimately Unproved igniter or pilot 90 9P
400,000 Btu/hr (117 kW)] or
less
20 (76) [approx]mately Unproved igniter or pilot 15 4f
3,000,000 Btu/hjr (879 kW)J‘or
less
Over 20 (76) Proved igniter or pilot required 10 or 15 4F

NOTE — The ndminal timing is the designed duration of the period determined at rated voltage of the control in a room temperature
of 21.1°C (70°F)."Allowable Tactory Tolerance may be in addition therefo.

& The maximum input for determining the main-flame establishing period for a burner not equipped as indicated in (3) is to be the
maximum input of the burner.

® The maximum input for determining the main-flame establishing period and for determining if a proved pilot or igniter is required
for a burner equipped to start on low fire only is to be the input to the largest fire that can be initially ignited, provided the input to
that fire cannot be increased until ignition of the low fire is established and proved.

¢ The flame-failure reaction timing is to be based on the burner's maximum input. The flame-failure reaction time is the interval
between the occurrence of flame extinguishment and the time the safety shutoff device is de-energized. For burners having an
hourly input of 400,000 Btu (117 kW) or less, the timing may be the interval measured from the time the sending device first
detects loss of flame to the time the safety shutoff device is de-energized.

4 A flame-failure reaction time of more than 4 seconds, but not more than 15 seconds, is acceptable if intermittent ignition is
employed, or if the ignition system is reenergized in not more than 0.8 seconds after flame extinguishment occurs.

Table 46.2 Continued on Next Page
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Table 46.2 Continued

Maximum

hourly input gallons (L)

main flame Ignition Main flame establishing Flame-failure

period®®, seconds

seconds

reaction time€,

(76 L/hr) or les

¢ The timings given for burners required to be equipped with a proved igniter or pilot may also be applied to burners firing 20 gph

s when such burners are equipped with proved ignition or pilot.

fFor burners equipped to burn a distillate fuel and burners equipped to burn a residual fuel the maximum main flame establishing
periods are 10 and 15 seconds respectively. Where it can be demonstrated by tests that a burner equipped to burn a residual fuel
needs a longer main flame establishing period so as to avoid nuisance shut down, such MFEP may be more than 15 but not more
than 30 seconds provided not more than 15 seconds of unburned fuel is discharged during an attempt to establish main flame.

PROTECTION AGAINST INJURY TO PERSONS

47 Genera

471
shall be prov|

47.2 When

reasonably foreseeable misuse of the product.

47.3 Unles
one attachm

47.4 Wheth
adequate sh
and the poss
investigation
but not morg
shows that b
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47.5 Specific constructions, tests, markings, guards, and similar features are detailed for s

constructiong

they are acceptable for the purpose.

48 Sharp E

48.1 An en
constitute an

If the pperation and maintenance of a product by the user involves a risk of jhjury to pe

ded to reduce the risk.

judging a product with respect to the requirement in 47.1, consideration is t

5 the manufacturer recommends the use of two or.moreé attachments at the sa
bnt at a time is to be evaluated with the product.

er a guard, a release, an interlock, or similarfeature is required and whether su
bll be determined from an investigation of.the complete product, its operating c
ibility of a risk of injury to persons resulting from a cause other than gross ne
shall include consideration of the results of breakdown or malfunction of any on
than one component at a time, unless one event contributes to another. If the
reakdown or malfunction of a particular component can result in a risk of inju
ent shall be investigated for reliability.

. Specific features.not covered herein are to be examined and tested to deter

dges

closure, a frame, a guard, a handle, or similar feature shall not be sufficig

rsons, means

b be given to

me time, only

ch a device is
naracteristics,
hligence. The
e component,
investigation
y to persons,

bme common
mine whether

ntly sharp to

sk of injury to persons in normal maintenance and use.

48.2 Whenever referee measurements are necessary to determine that a part as mentioned in 48.1 is
not sufficiently sharp to constitute a risk of injury to persons, the method described in the Standard for Test

for Sharpnes

s of Edges on Equipment, UL 1439, is to be employed.

49 Enclosures and Guards

49.1

The rotor of a motor or a pulley, belt, gear, fan, or other moving part that could cause injury to

persons, shall be enclosed or guarded to reduce the likelihood of unintentional contact therewith.

49.2 For an opening having a minor dimension less than 1 inch (25.4 mm), such a part shall not be
contacted by the probe illustrated in Figure 15.1. For an opening that has a minor dimension of 1 inch or
more, such a part shall be spaced from the opening as specified in Table 15.1.
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Exception: An opening in the integral enclosure of a motor that is not used in either a handheld machine or
a hand-supported portion of an machine is acceptable if a moving part cannot be contacted by the probe
illustrated in Figure 15.2.

49.3 During the examination of an appliance to determine whether it complies with the requirements in
49.1 and 49.2, a part of the enclosure that may be removed without the use of a tool (to attach an
accessory, to make an operating adjustment or for other reasons) is to be opened or removed.

Exception: A part need not be opened or removed provided the machine is marked in accordance with
113.2.2.

| d tati rt shall:
49.4 An enclosure-or guard-over-arotating-part-shalk

a) Refain a part that, because of breakage or other reasons, may become loose or ray separate
from the rotating part; and

b) Rethin a foreign object that may be struck and propelled by the rotating\part.
50 Materials

50.1 The material of a part, such as an enclosure, frame, guard, orsinilar feature, the brealage of which
may result in|a risk of injury to persons, shall have such properties as to meet the demand of expected
loading conditions.

50.2 The refuirement in 50.1 applies to those portions of a part adjacent to moving parts gonsidered to
involve a risk [of injury to persons.

50.3 A metal enclosure, frame, or guard shall cemply with the applicable requirements for| Frames and
Enclosures, $ection 11.

50.4 An englosure, guard, or frame_of\polymeric material shall have a temperature index with impact
resistance equal to or greater than the_maximum temperature of the material as measured linder normal
operating corditions when tested«in accordance with the Standard for Polymeric Materials | Long Term
Property Evaluations, UL 746B:

50.5 Nonmagtallic enclosures or guards shall have a flammability rating of HB, minimum, as determined in
accordance With the Standard for Tests for Flammability of Plastic Materials for Parts in [Devices and
Appliances, UL 94.

50.6 In addition] an enclosure or guard of polymeric material shall comply with the ball imphact and mold
stress-relief distortion tests described in Section 71.

50.7 A nonmetallic enclosure or guard having a total area greater than 10 square feet (0.93 m? ) shall
have a flame spread rating of 200 or less as determined by the Standard for Test for Surface Burning
Characteristics of Building Materials, UL 723.

50.8 A nonmetallic enclosure or guard that is a component of a machine intended for permanent
installation outdoors or a portable machine intended for outdoor use (not marked to store indoors) and
where the component is exposed to weathering shall comply with the light and water exposure test
described in Section 71.
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51 Rotating or Moving Members

51.1 A rotating or moving part that, if it should become disengaged, may create a risk of injury to persons
shall be provided with a means to retain the part in place under conditions of use.

51.2 A rotating member, breakage of which may create a risk of injury to persons, shall be constructed
so as to reduce the possibility of breakage, or the release or loosening of a part that could become a risk of
injury to persons.

51.3 A machine employing a series motor is to be tested as described in 91.1 to determine that it
complies with the requirement in 51.2. A part that may create a risk of injury shall not work loose.

52 Back-F‘ow Prevention

521 A was
supply tank

back-siphonage of contaminated water. An air gap of at least 1 inch (25.4 mm).shall be prov

the fill fitting
inch (12.7 m
two times thg

52.2 As an
conforming t

53 Parts S

53.1 A pre
Codes shall

53.2 A prodluct or component of a product subjected to hydraulic pressure during norma

use, includin
requirementg

53.3 A pro
pressure in

her intended to be connected to a potable water supply, and provided.with an
hat is accessible for adding cleaning agents, shall be constructed'\to” prevent

hnd the flood rim of the receptacle for a fitting having an effective opening not gr

m). For a fill fitting having an effective area greater than 1/2 inch, the air gap sh
diameter of the effective opening.

alternative to the fill fitting described in 52.1, anappropriate back-flow prev,
b the requirements of the American Society of Sahitary Engineers may be used.

lbject to Pressure

bsure vessel that is covered by the_scope of the ASME Boiler and Pressure
pe constructed and marked in accordance with the Code.

j a mechanical shaft seal, hose, gasket, and the normal fluid flow path, shall cg
in the Hydrostatic Pressure and Strength Test, Section 69.

Huct or comporent of a product subjected to air or vapor pressure, includi
A vessel containing only super-heated fluid, shall be subjected to additional

ntegral water
back-flow or
ided between
pater than 1/2
all be at least

ention device

Vessel (BPV)

or abnormal
mply with the

ng the vapor
evaluation to

determine itg suitability-inthe application.

54 Overpréssure-Protection

54.1 A pressure-tetief device whictT inhibits @ pressure imcrease thatoccurs as a resuit of the closing of a
nozzle control device, or malfunction of a bypass or dump valve, shall be set and have a flow capacity
such that pressure does not continue to increase after the discharge of the relief device.

Exception: A pressure-relief device is not required in an application when the construction of the appliance
is such that it does not pose a potential risk of injury to users under abnormal pressure conditions. The
integrity of the construction is to be determined by the test described in Section 69.

54.2 A pressure-relief device is considered to be a pressure-actuated valve or rupture member intended
to relieve excessive pressures automatically. For a pressure vessel that falls under the scope of ASME
Codes, the pressure-relief device shall be a safety relief valve. The start-to-discharge pressure settings of
these devices shall be within 5 percent of each other when determined in accordance with 74.2.2. The
manufacturer of the product pressure system shall calibrate 100 percent of relief devices.
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Exception: Three rupture discs tested in accordance with 74.2.2, and subjected to the Manufacturer
Production Line Rupture or Burst Disc Overpressure Protection Test, Section 111, meet the intent of the
requirement.

54.3 There shall be no shutoff valve between the pressure-relief means and the parts that it is intended
to protect.

54.4 A pressure-relief device shall:

a) Be installed so that it is readily accessible for inspection and repair, and cannot be readily
rendered inoperative so that it will not perform its intended function; and

b) Haye its discharge opening located and directed so that:

1) Operation of the device does not deposit moisture on bare live parts‘\or‘on|insulation or
components detrimentally affected by moisture, and

2) The likelihood of scalding or pressure injecting persons is reduced.

54.5 A presgure-relief device having an adjustable setting is judged on the’basis of the maximum setting
unless the adjusting means is reliably sealed at a lower setting.

54.6 A prespure-regulating control switch depended upon to limitthe pressure in a system|shall comply
with the appligable requirements in the Standard for Limit Controls, UL 353, or the applicable fequirements
for refrigeratipn limiting devices in the Standard for Tempertature-Indicating and -Regulating Equipment,
UL 873. Conpliance with the Standard for Automatic Eléctrical Controls for Household and|Similar Use,
Part 1: General Requirements, UL 60730-1, and/or .the applicable Part 2 standard from the UL 60730
series fulfills the UL 873 requirements.

54.7 A pregsure-regulating control shall eamply with the requirements in 74.1.1 and s$hall have a
maximum prgssure setting of not more than-90 percent of the rating of the pressure-relief device.

54.8 In addition to requirements in 54.1 — 54.7, a Type 4 pressure cleaning machine shall also comply
with the requifements in Sections 54A — 54B.

54.9 Type 4]machines shallkbe rated for cold-water use only.

54A OverpressureProtection for Type 4 Machines

54A.1 The
the maximu

achine shall be provided with a pressure limiting device (safety control devicg) that keeps

54A.2 This pressure limiting device shall not be capable of being adjusted, turned-off, or defeated by the
user.

54A.3 This device shall be so located on the machine that the risk of injury and risk of water injection is
mitigated in the event of water discharge due to operation, failure or breakage of the pressure limiting
device.

54B Pressure Gauge for Type 4 Machines

54B.1 The machine shall be provided with a pressure gauge indicating operating pressure of the liquid at
the outlet. The gauge shall be readily visible to the user and the maximum operating pressure shall be
marked on or near the gauge.
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55 Risks of Pressure Injection and Cutting, and Recoil

55.1

shutoff of the fluid flow.

A Type 1 cleaning machine may be of a continuous flow design or incorporate provision for manual

55.2 A Type 2 cleaning machine shall be provided with a manually-actuated control (deadman control)
for release of the cleaning solution. The control actuator shall be biased to the off position and located or
guarded to reduce the likelihood of unintentional operation. See Section 72.

55.3 A Type 2 cleaning machine shall be provided with a lance or wand having a trigger mechanism
located at least 29.5 inches (750 mm) from the discharge nozzle.

Exception: T
be demonst
compliance |

55.4 Ifthel
machine sha
discharge pr

rated that a shorter length does not present a risk of skin injection,(as” d
yith Injection Test, Section 55A.

Il not be capable of discharging cleaning fluid with the part,removed, or
bssure greater than 100 psig (690 kPa) with the part removed:

55.5 ATypés 3 and 4 cleaning machine shall comply with the requiirements for a Type 2, e

trigger mech
nozzle.

Exception: T
the discharg
injection, as
Type 4 clean

55.5A ATy
mechanism
position, and

55.6 For a
included on t

55.7 Nonm
shrouded by
of the lance.

anism on the lance or wand shall be located at(least 4 feet (1.22 m) from

he trigger mechanism for a Type 3 cleaning-machine may be located less than 4
e nozzle if it can be demonstrated that“a shorter length does not present
Hetermined by compliance with Injection Test, Section 55A. This exception doe
ng machines.

be 4 cleaning machine shall comply with the requirements for a Type 3, except t
bn the lance or wand shall-be provided with the means to lock the mechanis
shall not be able to lock the trigger mechanism in the ON position.

types of machines, the cautionary marking relating to risk of injury to pers
he product and'in’the instruction manual as noted in Sections 112 and 115, resps

btallic hose used to connect the lance to a Type 3 or Type 4 cleaning mag
a protective device for a distance of at least 2 feet (610 mm) from the nearest
The.shroud shall interrupt and disperse the fluid flow in the event of hose ruy

prevent oper

he trigger mechanism may be located less than 29.5 inches from the discharge lLozz/e if it can

ptermined by

ance or wand is of a type that can be detached from the trigger méchanism, a Type 2 cleaning

building up a

xcept that the
he discharge

8 inches from
h risk of skin
s not apply to

hat the trigger
m in the OFF

sons shall be
ectively.

hine shall be
jrasping area
ture so as to

tor iniury.
J J

55.8 For a Type 4 cleaning machine, when the trigger mechanism is released one of the following shall

occur:

a) No

more liquid shall emerge from the nozzle (dry shut-off);

b) Any liquid emerging from the spraying device shall generate a reaction force no greater than the
weight of the spraying device; or

¢) The pump shall be switched off.

55.9 For a Type 4 cleaning machine, releasing the trigger mechanism shall not be hindered by recoil
effects of shutting-off. The holding force to be applied manually on the trigger mechanism of the sprayer
shall not exceed 13.5 pound-force (60 N).
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55.10 For a Type 4 cleaning machine, the recoil forces exerted on the spraying device shall not exceed
56 pound-force (250 N) longitudinally. The recoil force shall not be released in under 1 second so as to
permit reaction time for the user.

55A Injection Test

55A.1 As a result of the test described in 55A.1, there shall not be penetration of Tape No. 1 (outer
layer). Indentation without penetration meets the intent of the requirement.

55A.2 The testis to be performed with the nozzle tip installed. The test is to be repeated for each nozzle
tip, specified by the manufacturer in the operating instructions, and for both the forward and reverse
positions of akeversible-nozzle fip_ Eaorareamovahle nn77|n, the test is tao he errlifinnglly rr\aanrrned with the

nozzle removed.

55A.3 The unit's controls, such as for flow rate or pressure, are to be at the-maximurp settings to
represent thelmost severe conditions.

55A.4 Watef containing a tracer dye, methylene blue for example, is to be used for the test liquid.

55A.5 The tpst fixture is to be a rigidly mounted wooden surface having a width and height that is greater
than the minimum spray pattern of the nozzle tip. The following_test tapes are to be appligd to the test
fixture:

a) Tage No. 3 (inner layer) — 1 inch (25.4 mm) wide and a length to accommodate the minimum
spray |pattern of the nozzle tip. The tape is to be(adhesive backed, single-adhesive [coated, vinyl
foam fape, black in color, having the tape properties given in Table 55A.1,

b) Tage No. 2 (middle layer) — 1 inch (25:44%hm) wide and a length to accommodate the minimum
spray pattern of the nozzle tip. The tape is to be double-adhesive coated, vinyl foam {ape, white in
color, having the tape properties giveniin Table 55A.1, and

c) Tape No. 1 (outer layer) — g"inch (25.4 mm) wide and a length to accommodate the minimum
spray |pattern of the nozzle tip. The tape is to be single-adhesive coated, skived tetrafluorethylene
tape, patural color, having:the tape properties given in Table 55A.1.

Table 55A.1
Tape dimensions and properties (average values)

Tape property Tape No. 3 Tape No. 2 Tape No. 1

Thickness 0045 — 0 080 inch 0025 — 0040 inch Total: D.0045 inch
(0.114 mm)

(1.14 - 2.03 mm) (0.64 — 1.02 mm) Backing: 0.0025 —

0.0035 inch (0.064 —
0.089 mm)
Density 16 Ibs/cubic foot 14 Ibs/cubic foot -
(256 kg/cubic meter) (224 kg/cubic meter)

Tensile strength 110 Ibs/inch? 55 Ibs/inch? 16 Ibs/inch?
(758 kN/m?) (379 kN/m?) (110 kN/m?)

Table 55A.1 Continued on Next Page
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Table 55A.1 Continued

Tape property Tape No. 3 Tape No. 2 Tape No. 1
(ASTM D 412-972, Die ["T" Block, Jaw 12 (ASTM D 1000-93P)
A) inches/minute (305

mm/minute)]

275
(ASTM D 1000-93°)

Temperature R

Compression [l
(ASTM D 1054

Compression |

Compression §

In accq

In accq
76(199

Elongation, percent 370 -
(ASTM D 412-972, Die
A)
esistance (continuous) 175°F (80°C) 150°F (65°C)

eflection at 25 percent 13 psi (90 kN/m?) -

-91°)
Nodules at 25 percent - 8.5 psi (59KN/m?)

et percent loss of original height:

rdance with ASTM D 1056-91°¢ 3 percent -

rdance with ASTM D 1667- -
0) ¢

3.9 percent

356FF (180°C)

b Test Methods
¢ Specification

4 Specification

@ Standard Tegt Methods for Vulcanized Rubber and Thermoplastic Rubbers and Thermoplastic Elastomers — Tensjon.

for Pressure-Sensitive Adhesive Coated Tapes.for Electrical and Electronic Insulation.

for Flexible Cellular Materials — Spongecor Expanded Rubber.

E for Flexible Cellular Materials — Vinyl-Chloride Polymers and Copolymers (Closed — Cell Vinyl).

55A.6 The
test fixture w|

56 Switches, Controls,‘and Interlocks

56.1
capable of c3

usingunjury to persons.

ance or wand is to he'held with the nozzle tip in contact with Tape No. 1 (outer layer) of the
thout applying pressure. The unit is then to be operated at maximum pressure for 5 seconds.

A prodluct shall’be constructed so as to reduce the possibility of unexpected operation of a part

56.2 Each

the product complies with the requirement in 56.1.

unction of a multiple-function product is to be taken into consideration in determining whether

56.3 A motor control switch, other than a momentary-contact switch, on the product shall have a plainly
marked off position.

56.4

If unintentional operation of a control can result in a risk of injury to persons, the actuator of the

control shall be located or guarded so that such operation is unlikely. The actuator of a control may be
guarded by recessing, ribs, barriers, or similar obstruction.

56.5 The gun control on a Type 2 and 3 cleaning machine shall be equipped with an automatic or visible
manual safety device which will preclude pulling of the trigger and release of the fluid until the safety
device is manually released.
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56.6 The actuator of an interlock switch shall be located so that unintentional operation is unlikely.

56.7 A device that automatically starts a product, such as a timer, an automatically reset overload-
protective device, or similar device, shall not be employed unless it can be demonstrated that automatic
starting will not result in a risk of injury to persons.

56.8 The requirement in 56.7 will necessitate the use of an interlock if moving parts, high pressure fluid,
or similar materials could result in a risk of injury to persons upon automatic starting or restarting of a
motor.

56.9 Operation of an interlock in normal use shall not inconvenience the operator so as to encourage
deliberate defnaf ofthe-interlock-

56.10 An inferlock shall be such that it cannot be defeated readily:
a) Without damaging the product,
b) Without making wiring connections or alterations,
c) By Uising readily available materials, or

d) By materials that could accumulate in normal use.

56.11 If an ipterlock is actuated by movement of a guard, thé.arrangement shall be such thaf the guard is
in place when the interlock is in the position that permits operation of the part being guarded. With the
guard removed, the interlock shall comply with the requirefient in 56.6.

56.12 A flogr- or ground-supported product that gan travel or rotate to an extent that could result in a risk
of injury to pegrsons if left unattended shall be provided with a momentary contact switch that cannot be
locked in the pn position.

57 Strength of Support Handles

57.1 A support handle or similarn'means provided to support or carry a product shall comply with the
requirements|of the Test for Strength of Support Handles, Section 73.

58  Stability

58.1 A portgble product shall comply with the requirements of the Stability Test, Section 101

58.2 A product provided with casters or wheels shall have at least two Tocking casters or other means to
restrict movement.

58.3 A product not intended to move from its de-energized position to perform its intended function but
that may move from its de-energized position when operated — such as from vibration — shall be provided
with locking wheels or other means to restrict movement.

58.4 The stability of a Type 4 machine with a mechanically held sprayers (not held by hand) shall be
tested using any of the manufacturer provided nozzle and/or spray accessory which causes the highest
recoil force. The machine shall not tip over, lift up or roll away due to the recoil forces.
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59 Strength of Mounting

59.1 A product intended to be mounted on a wall or ceiling shall withstand a force of four times the
weight of the product without malfunction of or damage to the mounting bracket, its securing means, or
that portion of the product to which it is attached. Provision shall be included to accommodate any
excessive vibration of the product.

59.2 To determine whether a product complies with the requirement in 59.1, it is to be mounted in
accordance with the installation instructions provided by the manufacturer — on a surface of the
construction specified using the parts provided. If no surface construction is specified, 3/8-inch-thick
plasterboard (dry wall) on nominal 2- by 4-inch (actual 1-5/8- by 3-5/8-inch— 41- by 92-mm) wood studs

spaced on 1

-inch (406-mm) centers is to be used as the supporting surface. The mounting

arts are to be

used as spe
between the
that will give

wide strap gt the dimensional center of the product and is to be increased during a 5-

interval, until
is applied to

59.3 Nonm
Enclosures 4

60 Dischainge-Fluid Temperature

ified in the instruction; and, if not otherwise indicated, the securing screws are
studs and secured in the plasterboard. An adjustable product is to be adjusted f
the maximum projection from the wall. The force is to be applied througha 3-

a load equal to the weight of the product plus a force of three times\the weight g
he mounting system. The load is to be maintained for 1 minute.

btallic mounting means shall comply with the tests specified in the Tests fo
nd Guards of Moving or Hot Parts, Section 71.

to be located
0 the position
inch (76-mm)
to 10-second
f the product,

r Nonmetallic

60.1 A prodluct intended to be connected to other thafi;a cold water source and a prodyict employing
means to heat the water shall be provided with:
a) A lance or wand having the trigger mechanism located at least 3 feet (0.9 m) from the discharge
nozzlg;
b) A |manually operated control (deadman control), the actuator of which shall e located or
guarded to prevent unintentiopal'operation; and
¢) A gautionary marking..See 113.1.10.
61 Surface Temperatures
61.1 The tgmperatares on a surface that may be contacted during intended operation shall comply with

the requirem

bnts in-Subsection 67.2.

PERFORMAN

62 Details

62.1 All products

62.1.1
intended use

, supplementary tests are to be conducted, as necessary.

If tests indicate that a product may not continue to comply with the applicable requirements during

62.1.2 During the tests, a flexible polymeric or elastomeric boot that covers a switch and that is flexed
when the switch is operated is to be removed, and a part that can be opened or removed without the use
of a tool is to be removed or placed in the most adverse position for the test being conducted.
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Exception: A boot that is momentarily flexed and not held in the flexed position when the switch is

operated and that meets the following conditions is not required to be removed:

a) The boot shall be mechanically secured by fastening means, such as screws;

b) The boot shall not be able to be removed by hand, or depend upon friction for securement; and

¢) The boot shall comply with the Aging Test described in 70.2.

d) For portable equipment for use outdoors, but intended to be stored indoors, and marked in
accordance with 112.1.5 and for stationary and fixed equipment intended for indoor installation and
marked in accordance with 112.1.5, the boot shall be cold-conditioned at 0.0 +2.0°C (32.0 +3.6° F)

for 3

cold-cpnditioned at —35.0 +2.0°C (-31.0 +3.6°F) for 3 hours. Immediately after the

its seg

ling properties.

62.2 Electrical systems

62.2.1 Unle
circuit of the
62.1.

th the temperature maintained, the boot shall be hand-flexed, with gloves worn
r to the boot. The boot shall not harden or otherwise deteriorate to a degree th

5s otherwise specified, all tests are to be conducted with the product connecte

requency specified in 62.2.2. The voltage of the supply circuit is to be as speq

Table 62.1
Test voltages

boot shall be
conditioning,
0 inhibit heat
at will impair

i to a supply
ified in Table

Rated Joltage Undervoltage? Test voltage Overvoltage

1104120 102 120 132

200208 177 208 229

220 - 240 204 240 244

254 1277 235 277 305

4401480 408 480 548

550 1600 510 600 640

Othjer 85 percent of rated rated 110 percent of rated

@ Values in this folumn are.applicable to alternating-current potentials. Undervoltage tests for a direct-current burneff or component
are to be condycted at 80.percent of rated voltage.

62.2.2 A praduct having a single frequency rating is to he tested at that frequency A produ

60 hertz and dc is to be tested on direct current or 60-hertz alternating current, whichever results in higher
temperatures. A product rated 50 — 60 hertz is to be tested on 60-hertz alternating current.

62.3 Fuel-fi

62.3.1

red products

ct rated both

A product with a fuel-fired water-heating system shall comply with the applicable performance

requirements when tested with each grade or type of fuel recommended by the manufacturer of the

product.

62.3.2 A product intended for fixed installation is to be tested on a noncombustible construction. At the
manufacturer's request, the product may be tested for installation on a combustible floor.
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62.3.3 During the applicable tests, an oil burner shall operate uniformly and reliably, and following the
tests shall not exhibit excessive carbonization or other characteristics that may adversely affect the
intended operation of the burner.

62.3.4 An oil burner equipped, or intended to be equipped in the field, with preheaters to heat the fuel oil
before it is delivered for combustion is to be tested using fuel oil that has been heated to the intended

temperature.
63
63.1

63.1.1  Ordi
temperatures

a) Th
comp,

b) Th
of cot

63.1.2 The
the windings
in 63.1.1(b) i
temperature
inches (178
integrally apy

63.1.3 The
30 AWG (0.4
on Initial Va
Electromotiv

63.1.4 Whe
consisting of
used.

63.1.5 Eac
thermal cont|
thermal cont
involved, bra

Instrumentation

Temperature measurement

harily, coil or winding temperatures are to be measured by thermocouples
are to be measured by the change-of-resistance method if:

b coil is inaccessible for mounting of these devices — for example, a’coil immer:
pund;

b coil wrap includes thermal insulation or more than two layers\[4732 inch (0.8 m
fon, paper, rayon, or similar materials.

mocouples used to measure temperatures on motof.coil windings are to be loc
or on the integrally applied insulation on the windings. If a coil wrap other than
5 employed, thermocouples are to be placed under the wrap. For a thermocou
of a coil of an alternating-current motor, other than a universal motor, having a
mm) or less — items 7 and 9 in Table 67:T — the thermocouple is to be mg
lied insulation on the conductor.

mocouples are to consist of wires fot larger than 24 AWG (0.21 mm?) and no
lues of EMF versus Tempeérature tables in the Standard Specification and
b Force (emf) Tables for Standardized Thermocouples, ANSI/ASTM E230/E230)

30 AWG (0.05mm?) iron and constantan wire and a potentiometer-type instrun

 thermocouple junction and adjacent thermocouple lead wire are to be seq
act with' the surface of the material whose temperature is being measured. In
et 'Will result from taping or cementing the thermocouple in place; but if a meg

, except that

5ed in sealing

m) maximum]

ated either on
as described
ble-measured
diameter of 7
unted on the

smaller than

5 mm?). The thermocouple wiré-is to conform with the requirements listed in the Tolerances

[Temperature-
.

never referee temperature measurements by thermocouples are necessary, thermocouples

hent are to be

urely held in
most cases,
tal surface is

fng or sotdering the thermocoupte to the metat may be necessary.

63.1.6 Thermocouples are to be secured to wood surfaces by staples over the insulated portion of the
wire and with the tip held in thermal contact with the surface by pressure-sensitive tape; except that for
zero clearance, the thermocouples are to be applied to surfaces of the representative product at points of
zero clearance.

63.1.7 In using the change-of-resistance method, the windings are to be at room temperature at the start
of the test. The temperature rise of a winding is to be calculated from the formula:

Ar=§(k+rl)—(k+r3)

in which:
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At is the temperature rise in °C;

R is resistance of the coil in ohms at the end of the test;

ris resistance of the coil in ohms at the beginning of the test;
t; is room temperature in °C at the beginning of the test;

t, is room temperature in °C at the end of the test; and

k is 234.5 for copper and 225.0 for electrical conductor grade (EC) aluminum. Values of the
constant k for other grades must be determined.

63.1.8 The flue-gas temperature is to be measured by a thermocouple, such as illustrated by Figure
63.1, inserted into the chimney connector as shown on Figure 63.2. There is to be no draft control between
the product ahd the point where the flue-gas temperature is measured. If a draft control'is incorporated in
the product, ifis to be fixed in the position allowing maximum draft during all tests.

Figure 63.1

Standard thermocouple for flue-gas temperature

11/8"
(28.6mm)

5/32" MAX.
(4.0mm)

j_ SILVER SOLDER OR

WELD JUNCTION.
DO NOT OXIDIZE

.070" MAX
(1.78mm)

EENEE)
PA152 —A

1. 20 AWG (0.54—rd)-iron-constantan—asbestos—or—woven-glass-covered—thermosouple—wires—extending—rem hot junction to

potentiometer or reference junction.

2. 1 - Leeds & Northrup Standard 714B, or equal, 1/4 inch (6.4 mm) outside diameter of two-hole porcelain insulator cut to length and
ends beveled on two sides.

3. 1-5/16 inch (7.9 mm) outside diameter by 0.032 inch (0.81 mm) wall tubing. Ream, if necessary, to fit over insulator; then crimp
ends over beveled ends of insulator.

4.1 — Small wooden handle.
5. 1 — Piece of rubber tubing, approximately 5/16 by 3/32 by 2 inches long (7.9 by 2.4 by 50.8 mm long).

6. In lieu of individual components described in items 1, 2 and 3 above, any combination of preassembled parts of tubing, insulators
and thermocouples may be used.
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Figure 63.2

Flue gas thermocouple and support bracket

/ CHIMNEY CONNECTOR

T

THERMOCOUPLE7

SUPPORT
BRACKET

63.2 Draft

63.2.1 Draft is to be measured by a.draft gauge which may be read directly to 0.005 in

water columr

63.3 Fueli

63.3.1 The

—_———————

o= ===

S2700

Section A-A

and that has an accuracy)of £0.0025 inch (0.064 mm).

hput

fuel input rateto an oil-fired burner is to be determined by a scale accurate to

g) or a burette having-equivalent accuracy.

63.3.2 The

fuehinput rate to a gas-fired burner is to be determined by a laboratory-type gas

ch (0.13 mm)

).01 pound (4

meter.

64 Installation

64.1 Fixed

products — corner installation

64.1.1 The representative product is to be placed in a test enclosure as specified in 64.1.2 — 64.1.4. The
sides of the product that result in the highest enclosure wall temperatures are to be located nearest to the
enclosure walls.

64.1.2 The product is to be leveled prior to testing. Leveling means are to be removed if possible;
otherwise they are to be adjusted so that the base of the product is at the minimum distance from the floor.

64.1.3 The test enclosure is to be formed by two walls constructed of not less than 1/2-inch trade size
[nominal 1/2 inch (12.7 mm) thick] wood boards, or 1/2-inch thick plywood, set at right angles and painted
flat black. See Fiaure 64.1. A ceilina of eauivalent construction is to be placed above the product and in
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contact with the enclosure walls. All joints in the test enclosure are to be tight or sealed. The walls and
ceiling of the enclosure are to:

a) Extend 3 feet (0.91 m) beyond the ends of the product, and
b) Be located at the minimum clearances in integral inches, as specified by the manufacturer, from

the sides and top of the product.

Figure 64.1

Test enclosure for fixed and portable installations

1. Location of
heater, assembly
on platform,

S2584
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64.1.4 The floor is to be of combustible or noncombustible material as selected by the manufacturer for
testing purposes and as indicated on the product nameplate. Combustible floors are to be made of
plywood at least 1/2-inch (12.7-mm) thick or equivalent, finished in flat black paint.

64.2 All fixed products — alcove or closet installation

64.2.1 The product is to be installed in an enclosure as described in 64.2.2 — 64.2.4, with clearances in
integral inches, as specified by the manufacturer, to walls and ceilings of the test enclosure. The ceiling
height of the enclosure is to be that required to obtain the clearance from the top of the product to the
ceiling specified by the manufacturer; but in no case is the ceiling height to be more than 7 feet, 6 inches
(2.29 m). See Figure 64.2.
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Figure 64.2

Test enclosure for alcove or closet installation

BACK BACK

TOP VIEW -

TOP VIEW |

1
18" (457mm)
I
CLOSET INSTALLATION ALCOVE INSTALLATION

VENTILATING
AIR OPENING

AIR INLET
OPENING

FRONT ELEVATION SIDE ELEVATION
S2587

6"(1562mm)

A — From top of product.

B — From front of product.

Cy — From chimney connector, measured horizontally or below connector.
Cy — From chimney connector, measured vertically above connector.

D — From back of product.

E, — From left side of product.

Er — From right side of product.
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64.2.2 The walls and ceiling of the enclosure are to be made of not less than 1/2-inch trade size wood
boards, or 1/2-inch (12.7-mm) thick plywood. The walls are to be vertical and at right angles to each other.
The interior surface of the walls and ceiling are to be finished in flat black paint. All joints of the enclosure
are to be sealed. The floor is to be of combustible or noncombustible material as selected by the
manufacturer for testing purposes and as specified on the product nameplate. Combustible floors are to
be made of not less than 1/2-inch (12.7-mm) thick plywood or equivalent, finished in flat black paint.

64.2.3 For the alcove installation test, the enclosure is to be open opposite the front of the product. The
side walls and ceiling are to extend 18 inches (457 mm) beyond the front of the product, and a wall is to be
placed opposite the open side of the enclosure at a distance of 48, 36, or 24 inches (1.22, 0.91, or 0.61 m)
as specified by the manufacturer for testing purposes.

64.2.4 For gloset installation test, a simulated door is to be provided for the enclosure.
64.3 Fuel-fired fixed products

64.3.1 For g product that has a horizontal flue outlet, a wall opposite the flue collar is to e located the
minimum disfance, as specified by the manufacturer, from a vertical chimney, connector thaf is connected
to the flue collar as described in 64.3.2.

64.3.2 A chimney connector is to be the same nominal size as theflue collar or outlet of the product it is
connected tq. Galvanized stovepipe not thicker than nominal 0.028 inch (0.71 mm) is to pe used. The
chimney conhector is to extend vertically through the ceiling ef.the test enclosure. For a verti¢al flue outlet,
the chimney|connector is to be connected directly to, and.extended vertically above, the| outlet. For a
horizontal flue outlet, the chimney connector is to be conhected to a 90-degree sheet-metal elbow that is
connected difectly to a vertical flue outlet.

64.3.3 The|chimney connector is to be connected to a chimney, stack, or exhaust system capable of
maintaining the draft specified by the manufacturer.

64.3.4 If the chimney connector passes’ through the enclosure, an opening 8 inches (205 mm) larger
than the chimney connector is to be eut in the enclosure and the annulus thus formed is to|be sealed on
the exterior surface with a fire andiheat resistive barrier at least 1/8 inch (3.2 mm) thick. See Figure 64.3.
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Figure 64.3

Sealing of annulus around chimney connector

CHIMNEY CONNECTOR

/\O/

FIRE ond HEAT RESISTIVE
INSULATING BARRIER

52586

ja— 4" — el 4" —

(102mm) (102mm)

AN

64.3.5 A bracket for supporting the thermoceuple used to measure flue-gas temperature is fo be located
as shown by item 2 of Figure 64.4.
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Figure 64.4

Chimney connectors

7\
R T ©) T R

//®\‘

18"

_.—| CH — - |

HORIZONTAL FLUE OUTLET VERTICAL FLUE OUTLET

S2385

1. Centerline of thermocouple.

2. Support bracket.

3. Draft regulator.

4. Flue collar.

5. Chimney connector, same nominal diameter as flue collar.
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64.3.6 As shown in item 3 of Figure 64.4, a draft regulator is to be located in the chimney connector,
outside the test enclosure.

64.3.7 A built-in draft regulator included as part of the product is to be fixed in the position that results in
maximum draft.

64.3.8 For the closet installation test, the door is to have two openings located so that the lower edge of
the lower opening is 6 inches (152 mm) above the floor level of the enclosure and the other being located
so that its upper edge is 6 inches below the ceiling of the enclosure. The height of each opening is to be
one-half the width. The free area of each of the two openings is to be at least 1 square inch (6.5 cm?) per
1000 Btu per hour (300 W) of the heater input rating but not more than an area equivalent to 20 percent of
the total areg_of the simulated door. Both openings are to be centered on the vertical centerline of the
enclosure.

64.4 All portable products

64.4.1 The fepresentative product, in the as-received condition, is to be placed in a test pnclosure as

specified in 6

that result in ighest enclosure wall temperatures are to be located nearest.to the enclosure w

64.4.2 The
boards or 1/2
floor is to be

1.4.2. The product is to be placed as close to the corner as possible. The sides g

alls of the test enclosure are to be constructed of net less than 1/2-inch traq
tinch (12.7-mm) thick plywood, set at right angles teyéach other and finished in fl
onstructed of 1/2-inch-thick plywood or equivalent, finished in flat black paint. A

f the product
alls.

e size wood
at black. The
| joints in the

enclosure arq to be tight or sealed.

64.5 Fuel-fired portable products

64.5.1 A bre
in the flue gas

cket for supporting the thermocouple used to measure flue-gas temperature is fo be located

outlet approximately 4 inches (101.6 mm) below the draft hood, if provided.

64.52 Abu
maximum drg

It-in draft regulator, included-as part of the product, is to be fixed in the position that results in
ft.
PERFORMANCE - ALL PRODUCTS
65 Normal Dperation-Tests

65.1 All prgducts

65.1.1 Operation of @ product a5 described M 65- -2 shatt ot Tesuftima risk of fire, efectric shock, or
injury to persons. In addition, there shall be no leakage of any combustible fluids within the product that
may be ignited and thereby cause a risk of fire.

65.1.2 With reference to 65.1.1, an as-received representative product is to be set up or installed in
accordance with the manufacturer's instructions. The representative product is to be operated in
accordance with the manufacturer's instructions with respect to all normal uses of the product, and with all
accessories recommended by the manufacturer for use with the product. The product is to be operated for
a sufficient length of time or through a sufficient number of cycles to determine that all reasonably
foreseeable complications are revealed. The representative product is to be manipulated as it would be in
actual use, including

a) Adjustment of each control over its full range,

b) Operation under each loading condition that can be expected, and
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¢) The omission of all recommended maintenance and cleaning operations.

65.2 Gas-fired products

65.2.1

A representative product is to be fired at its rated Btu per hour (W) input, £2 percent, with the kind

or kinds of gas specified and at the test pressures specified. A draft hood, if used, is to be in place.

65.3 Oil-fired products with mechanical atomizing burners

65.3.1

A representative product is to be fired at its rated Btu per hour (W) input, £2 percent, with a grade

of fuel for which the burner is rated. The draft at the flue collar is to be as recommended by the

manufacturepbatrotmore-than6-66-nch (1 5 ||||||) water-cotomm-forburnersfiredat5 Ha::\.u S (189 L) per
hour or less pnd not more than 0.09 inch (2.3 mm) for burners fired at rates from 5 to 16 gallons (18.9 to
60.6 L) per hpur.

66 Maximym Pressure Tests

66.1  Wher
any product
exceed the p

tested in accordance with 66.2 — 66.4, the outlet water pressure at the dischg
shall not exceed the maximum rated pressure by more than*10% and in any ¢
ressure rating of the Type category of the product.

66.2 The product is to be prepared in accordance with the mafufacturer's instructions for oy

66.3 Contr

Is are to be adjusted to their maximum values-of pressure and temperature. F

product, a mpdulating type operating control provided to.regulate the fuel input between hig
values is to pe rendered inoperative so as to result,in continuous operation at high fire. A
operating coptrol, set to cut out at a value belowcthe set point of the limit control, is also tq
inoperative during this test.

66.4 The inlet and outlet water valvescare to be adjusted so that hot water passes the

rge nozzle of
ase, shall not

eration.

or a fuel-fired
h and low fire
n on-off type
be rendered

thermocouple

bead during the test.

66.5 The product is to be firedsat maximum rated input and the water valve is to be adjusted to raise the
temperature pf the water in the.vessel until the limit control operates.

66A Presslre Hose Tests for Type 4 Machines

66A.1 Pregsure hose leakage test

66A.1.1 One sample of the hose shall be subjected fo a hydrostatic pressure equal o 70 % of the

manufacturer’s specified minimum burst pressure and maintained for 5 minutes before reducing the
pressure to zero. The application of the same hydrostatic pressure shall be repeated for another 5 minutes
before reducing the pressure to zero.

66A.1.2 As a result of the pressure testing, there shall be no leakage or evidence of failure. Leakage at
the end fitting, fitting blowing-off or rupture of the hose is not acceptable.

66A.2 Cold bend test
66A.2.1 A mandrel with an outside diameter equal to twice the minimum bend radius specified for the

hose with an arc of at least 180° is to be used for this test. If the minimum bend radius is not specified, the
mandrel shall have an outside diameter equal to 12 times the ID of the hose.
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66A.2.2 The test shall be conducted on a length of pressure hose adequate to provide a grip at each end
in addition to a section which can be bent round the periphery of the mandrel.

66A.2.3 The mandrel and the hose are to be conditioned in a cold chamber maintained at -10 °C + 2 °C
for 24 hours.

66A.2.4 Without removing them from the conditioning chamber, the hose shall be bent around the
mandrel. For hoses of up to and including 22 mm ID, the hose shall be bent through 180° in 10 s +2 s. For
hoses of greater than 22 mm ID, the hose shall be bent through 90°in 10 s £2 s.

For hoses of greater than 22 mm ID, testing outside of the conditioning chamber is permitted, provided
testing is con

ducted immnrﬁafnly uypon removalfrom-the-cold-chambet.

br cover. The
equal to 1.5
test whether

66A.2.5 The
hose sample
times the ma
any cracking

hose sample shall be examined for any cracking or breaking of the hose lihing

shall be allowed to return to ambient temperature, and a hydrostatic-pressure
Kimum working pressure shall be applied for 5 minutes, in order to“confirm by
br breaking of the lining or cover has occurred.

66A.3 Burst pressure test

66A.3.1 On
pressure at 2
determined.

b sample of the pressure hose shall be subjected to a-hydrostatic pressure by i
rate specified in 66A.3.2 until the hose fails. The“ocation and mode of fai

creasing the
ure shall be

66A.3.2 Forn ressure shall

be increased

hoses with nominal inside diameters up 10.2.0 inch (50 mm), the hydrostatic pj
at a steady rate so that it reaches the final'test pressure within 30 s and 60 s.
For hoses wit al to 10 inch
(250 mm), thg

h nominal inside diameters greaterthan 2.0 inch (50 mm) and less than or equ
time to reach the final pressure shall be within 60 s and 240 s.

For hoses w ach the final

pressure sha

th nominal inside diameters greater than 10 inch (250 mm), the time to re
| be specified by the manufacturer.

66A.4 Tensjle test

66A.4.1 The hose shall be installed in a tensile test machine and a pulling force as specifi¢d in 66A.4.2

shall be appli

66A.4.2 The

bd slowly. As a result of the tensile test, there shall be no evidence of tears or sig

hoseé shall withstand a tensile force equivalent to that caused by a pressure

times the may

ns of failure.

equal to 1.5

T attowabte Working pressure or 225 Pound Force (1000 N, whichever vatt

e is lower.

66A.5 Hydrostatic pressure hold test

66A.5.1 Each hose shall be subjected to a hydrostatic pressure hold test according to 66A.5.2. The test
pressure shall be 1.5 times the maximum allowable working pressure.

Exception: For hoses with a maximum allowable working pressure of < 7250 psig (50 MPa) this test can be
omitted provided 100 % of the hoses are pressure tested in production; see 111.2.

66A.5.2 When this test is used to determine leakage of hoses or hose assemblies, the specified
pressure shall be applied in accordance with 66A.3.2, and the pressure shall be held between 30 s and 60
s. The test specimen shall be examined during this period for evidence of leakage, cracking, abrupt
distortions indicating irregularity in material or manufacture, or other signs of failure.
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67 Normal

Temperature Test

67.1 General

67.1.1 A product shall not reach a temperature at any point high enough to cause a risk of fire, to
damage any materials in the product, or show temperature rises at specific points greater than those
indicated in Table 67.1.

Table 67.1
Maximum temperature rises
Materials and components °C °F
1. Capacifors:
A. Electrolytic® 40 72
B. Other types® 65 117
2. Fuses
A Class G, J.L. T,and CC
Tube 100 180
Ferrule or blade 85 153
B. Others" 65 117
3. Fiber employed as electrical insulation 65 117
4. At any point within a terminal box or wiring compartment of a permanently connected 35 63
machirfe in which power-supply conductors are to be conngeted; including such
condudtors themselves, unless the machine is marked in accordance with 112.2.3
5. A surface upon which a stationary machine may be fastened in place, and surfaces that 65 117
may bg adjacent to the machine when so mounted-
6. Class A insulation systems on coil windings of*an-a-c motor having a diameter of more
than 7 |nches (178 mm), of a d-c motor, and\of-a universal motor:®¢
A. In an open motor:
Thermocouple method 65 117
Resistance method 75 135
B. In a totally enclosed motor:
Thermoceuple method 70 126
Resistance method 80 144
7. Class A insulation system on coil windings of an a-c motor having a diameter of 7 inches
of less |notiheluding a universal motor, and on a vibrator coil:>¢
A T am open motor and on a vibrator Coit
Thermocouple or resistance method 75 135
B. In a totally enclosed motor:
Thermocouple or resistance method 80 144
8. Class B insulation system on coil windings of an a-c motor having a frame diameter of
more than 7 inches (178 mm), of a d-c motor, and of a universal motor:®4
A. In an open motor:
Thermocouple method 85 153
Resistance method 95 171
B. In a totally enclosed motor:

Table 67.1 Continued on Next Page
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Table 67.1 Continued

Materials and components °C °F
Thermocouple method 90 162
Resistance method 100 180
9. Class B insulation system on coil windings of an a-c motor having a diameter of 7 inches
or less, not including a universal motor4
A. In an open motor:
Thermocouple or resistance method 95 171
B. In a totally enclosed motor:
Thermoeotple-orresistanee-method 466 180
10. Class 15 insulation system on windings of relay, a solenoid, and similar components®
Thermocouple method 65 117
Resistance method 85 153
11. Class 180 insulation system on windings of a relay, a solenoid, and similar components®
Thermocouple method 85 153
Resistance method 105 189

12. Class 180 insulation systems on vibrator coils:
Thermocouple or resistance method 95 171

13. Transfofmer coil with

A. Class 105 insulation system
Thermocouple method 65 117
Resistance method 75 135
B. Class 130 insulation system
Thermocouple method 85 153
Resistance method 90 171

14. Transfofmer enclosures:

A. Class 2 60 108
B. Power 65 117
15. Phenolit composition employed as electrical insulation or as a part the deterioration of 125 225
which would result in a.risk of fire or electric shock.®
16. Rubber] or thermoplastic-insulated wire and cord.®"9 35 63
17. Copperfconductors
A. Tinhed’or bare strands having:
A diameter 1ess than U.0T5 1nch (0.38 mm) 125 225
2. A diameter of 0.015 inch or more 175 315
B. Plated with nickel, gold, silver, or a combination of these 225 405
18. Rectifiers:
a. Selenium®! 50 90
b. Silicon 75 135
19. Sealing compound 40°C (104°F) less than
melting point
20. Varnished-cloth insulation 60 108
21. Wood and other combustible material 65 117

Table 67.1 Continued on Next Page
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Table 67.1 Continued

Materials and components °C °F
22. Engine electrical systems (Ignition system, 12 volts) 150 270
23. Flame spreaders and combustion heads:
A Gray cast iron 517 930
B. Chrome alloy cast iron, 0.5-1.0 percent chrome, 0.2-0.5 percent nickel or copper 683 1230
C. Ductile, modular, cast iron 683 1230
D. Type 430 iron-chromium steel 794 1430
E. Types 442, 446 iron-chromium steels 867 1560
F. Type 501, 502 iron-chromium steels 683 1230
G. Type 309 iron-chromium-nickel steel 964 1730
24, Flue-Gps baffles:
A Aluminum coated steel 572 1030
B. Ceramic coated steel (A19 or equivalent) 572 1030
C. Low carbon steel 572 1030
D. Gray cast iron 517 930
E. Ductile, nodular, cast iron 517 930
F. Chrome alloy cast iron, 0.5-1.0 percent chrome, 0.2-0.5 percenthickel or copper 683 1230
G. Types 501, 502, iron-chromium steels 683 1230
H. Type 430 iron-chromium steel 683 1230
I Type 442 iron-chromium steel 794 1430
J. Type 446 iron-chromium steel 867 1560
K. Type 309 iron-chromium-nickel steel 961 1730
25. Heating surfaces:
A Aluminum coated steel 572 1030
B. Ceramic coated steel (A19 or'equivalent) 572 1030
C. Low carbon steel 461 830
D. Gray cast iron 461 830
E. Chrome alloy cast ifon, 0.5-1.0 percent chrome, 0.1-0.5 percent nickel or copper 561 1010
F. Type 410 iron-chromium steel 600 1080
G. Type 430-iron-chromium steel 648 1130
H. Type 442 iron-chromium steel 867 1560
I Fype-446-ron-chromitm-steet 86+ 1560
J. Type 321 iron-chromium-nickel steel 744 1340
K Type 347 iron-chromium-nickel steel 764 1375
L. Type 316 iron-chromium-nickel steel 800 1440
M. Type 309 iron-chromium-nickel steel 747 1345
N Aluminum coated steel liners and radiation shields' 461 830
0 Galvanized steel 267 480
26. Fuel tubing and fittings:
A. Aluminum 347 625
B. Copper and copper alloys 208 375

Table 67.1 Continued on Next Page
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Table 67.1 Continued
Materials and components °C °F
C. Tinned copper 153 275
D. Steel (AISI Type C1010) 403 725
E. Steel (AISI Type 410) 514 925
F. Steel (AISI Type 430) 647 1165
G. Steel (AISI Type 446) 847 1525
27. Fuel:
A. Gasoline or diesel fuel in a tank 25 45
B. | P-Gas in a fuel tank m m
28. Flue gases (permanently installed products):
A. Gas-fired products
Equipped with a draft hood 222 400
Other 472 850
B. Oil-fired products 517 930
@ The temperatire rise on insulating material integral with the enclosure of an electrolytic.Capacitor that is physically|integral with
or attached to g motor may be not more than 65°C (117°F).
® A capacitor thht operates at a temperature rise of more than 65°C may be judged dn'the basis of its marked tempefrature limit.

¢ Ata point on {
by a thermocou

provided that th
4 This is the dia

€ The limitation
investigated an

f Rubber-insula

he surface of a coil where the temperature is affected by an external source of heat, the temperature|
ble may be higher by the following amount than the maximum'specified:

Additional Ten

rise measured

perature Rise

il found.acceptable for use at higher temperatures.
ed ‘conductors within a Class-A-insulated motor, rubber-insulated motor leads, and a rubber-insulatg

entering a motg

Item °C °F

Part A of item 6 15 27

Part A of item 7 5 9

Part A of item 8 20 36

Part A of item 9 10 18

10 15 27

1 15 27
e temperature rise of the coil, as measured by the resistance method, is not more than that specified in the table.

meter, measuredhin the plane of the laminations, of the circle circumscribing the stator frame, excluding lugs,
boxes, and simf|lar parts, used'solely for motor cooling, mounting, assembly, or connection.

on phenglic eomposition and on rubber and thermoplastic insulation do not apply to compounds thgt have been

d flexible cord
H on the

r may be subjected to a temperature rise of more than 35°C (63°F), provided that a braid is employe

serves to reduc

material accept

conductor of other than a flexible cord. However, this does not apply to thermoplastic-insulated wires or cords.

e risk of fire.

able for 150°C (302°F).

'The limitation does not apply to a rectifier that has been investigated and accepted for a higher temperature.

9 A short length of rubber- or thermoplastic-insulated flexible cord exposed to a temperature of more than 60°C (140°F), such as at
terminals, is acceptable if supplementary heat-resistant insulation of adequate dielectric strength is employed on the individual
conductors of the cord to protect the conductor insulation against deterioration.

" A fuse that has been investigated and found acceptable for use at a higher temperature may be used at that temperature.

i The specified maximum temperature applies if the reflectivity of aluminum coated steel is utilized to reduce risk of fire; otherwise
the allowable temperature rise is as given under Heating Surfaces.

I The specified maximum temperature applies if the galvanizing is required as a protective coating or the reflectivity of the surface

k A temperature of 85°C (185°F) is acceptable if the stack assembly is insulated with phenolic composition or other insulating

™ Temperature shall not exceed that which would raise the pressure within an LP-Gas container to more than 80 percent of the
design working pressure of an ASME container or 120 percent of the minimum service pressure of a DOT fuel container.
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67.1.2 A thermal- or overload-protective device shall not open the circuit during the temperature test.

67.1.3 All values of temperature rise in Table 67.1 are based on an assumed ambient temperature of
25°C (77°F). Tests may be conducted at any ambient temperature within the range 10 — 40°C (50 —
104°F).

67.1.4 If a product incorporates a reel for the power-supply cord, one-third of the length of the cord is to
be unreeled for the temperature test.

67.1.5 For fixed fuel-fired products where a chimney connector passes through the test enclosure,

enclosure inside surface temperatures are to be measured not less than 2 inches (51 mm) from the

annulus, and
fired product

67.1.6 For
or at the tem

Exception: A
connected to

67.1.7 Ate
10 percent 9
change.

67.2 Surfa

67.2.1 Duri
not rise mor:
25°C (77°F),

Exception N

from the chlmney connector.

B product without a water heating system, the inlet water temperature.is t6 be
perature recommended by the manufacturer, whichever is higher.

product recommended and marked to indicate it is intended for cold water
a source of cold tap water.

Mmperature is considered to be constant when three successive readings taken
f the previously elapsed duration of the test, but not less than 5-minute interval

ce temperature test

ng the temperature test, the temperature of a surface that may be contacted by
e than indicated in Table 67.2. If the test is conducted at a room temperature
the results are to be corrected to-that temperature.

p. 1: Parts in the fluid discharge line of a hot water or steam generated prod

surface temperature rises exceeding those specified in Table 67.2, but shall have design

surfaces for
with 113.1.11

Exception N
require remd
provided the

fhe lance or wand within the handle temperature limits. A cautionary marking i
warning the usek.shall be provided.

D. 2: Parts expected to be contacted or subjected to contact during periodic
val of a"panel, guard, or cover for access, may exceed the temperature rises
part erpanel is marked in accordance with 113.1.12.

-
T

A
.54

mm) for an oil-

71°C (160°F),

only, is to be

at intervals of

s, indicate no

the user shall

of other than

Lict may have
ated gripping
n accordance

servicing, that

in Table 67.2

Exception No—3>

Tanan £ £ fial fivanl s 1nit A tha [ina H
lcl”’.’c’alulco Ull (=4 lluc fJIIJU urda IUUI nmreyu ullll. lllay UAUCUU ure HIIHLO L

flue pipe is provided as an integral part of the product it shall be marked “Caution — Hot.”

able 67.2. If the

Table 67.2
Maximum surface temperature rises
Materials and Components °C °F
Handle or knob grasped for lifting, carrying, or holding:?
A. Metallic 25 45
B. Nonmetallic 35 63

Table 67.2 Continued on Next Page
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Table 67.2 Continued

Materials and Components °C °F

Handle, knob, or surface of the enclosure intended to be contacted during normal
use but not requiring continuous holding:?

A. Metallic 35 63

B. Nonmetallic 60 108
Surface subjected to casual contact:?

A Metallic 45 81

B. Nonmetallic 70 126
a A hand|e, kno'\1 orsimilar nh‘iar\f‘ made of a material other than maial’ that.is 'v_\l'_ﬂ'nd orcladwith metal ha\ling a-thickness of
0.005 inch (0.127 mm) or less is considered to be, and is judged as, a nonmetallic part.

67.3 Maximum normal load

67.3.1 Inte
closely as po
conditions of
recommende

power input t¢ the product is to be installed for the test.

67.3.2 A prg
are obtained.
the product is
controls are t

67.3.3 The
63.1, inserted
the product a
the product, if

68 Abnorm
68.1 All prg

68.1.1 A pr
68.3.3, shall
requirements

lal Operation Tests

5ts on a product, maximum normal load is considered to be the“oad that app

actual use are likely to be somewhat more severe than thegqnaximum load condi
d by the manufacturer of the product. The recommended nozzle that results i

The product is then operated for 10 minutes without spraying water. During the
b be adjusted to their maximum setting.
flue-gas temperature is to be measured by a thermocouple, such as illustrat

nd the point where the flue-gas-temperature is measured. If a draft control is in
is to be fixed in the positionallowing maximum draft during all tests.

ducts

bduct, when operated continuously under the abnormal conditions describeg
not create a risk of fire, electric shock, or injury to persons. It shall also con
in 6871.2, and the following:

roximates as

5sible the most severe conditions of normal use. It is not a deliberate overload except as the

tions that are
h the highest

duct is to be operated by spraying water in the intended manner until constant {femperatures

ten minutes,

to be in the ON position and the trigger-at’the gun closed. All temperature and pressure

bd by Figure

into the chimney connector as'shown in Figure 63.2. There is to be no draft comtrol between

Corporated in

in 68.1.3 —
hply with the

a) There shall be no emission of flame or molten metal, other than molten solder;

b) There shall be no glowing or flaming of combustible material upon which it may be placed or that
may be in proximity to the appliance as installed;

c) The fuse in the grounding connection shall not open.

68.1.2 Immediately following each abnormal-operation test condition, the product shall comply with the
requirements in the Dielectric voltage-Withstand Test, Section 83. See 68.2.1.

68.1.3 With consideration given to the construction of the machine, it is to be operated under abnormal
conditions representing those likely to be encountered in actual service, such as the malfunction of an air-
circulating fan, operation of a liquid heater without liquid, or similar abnormal conditions. For a machine
that includes a bypass circulation system and a flow indicator device, the abnormal condition is to include
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also a test to determine that no abnormal pressures will develop in the bypass system with the flow
indicator device failed in the flow position. Only one condition of malfunction is to be assumed at any one
time. During the test, dead metal parts of the product are to be connected to ground through a 3-ampere

fuse.

68.1.4 Each test is to be continued until final results are observed or for 7 hours, whichever is less.

68.2 Electrically heated products

68.2.1

For a product with a liquid heater operated without liquid, the liquid container is to be filled with

water following the abnormal operation test and the product operated as intended with the dead metal still

connected ta-g
connection
Dielectric vol

68.3 Fuel-f

68.3.1
inlet water fl
become de-¢g
reservoir.

68.3.2 Alin
adjustable, is
regulate the
on high fire.
control, is alg

68.3.3 A sl

A prloduct with a fuel-fired water-heating system, when operatediunder conditions

aII not open and foIIowmg operat|on the product shaII comply W|th the requir,
age-Withstand Test, Section 83.

red products

ow as described in 68.3.2 and 68.3.3, shall comply with the requirements i
nergized, and incapable of being reenergized, when a lowswater condition exist

nit control is to be adjusted in accordance with 46.4.1 and 46.4.2. An auxiliary

to be set to the minimum allowable setting. A\modulating type operating contr
fuel input between high and low fire value isdo be bypassed to permit the prod
The on-off type operating control, set to~cut out at a value below the set poi
o to be bypassed during this test.

pw closing valve is to be placed.in the water inlet line and the product is to b

he grounding
ements in the

of restricted
n 68.1.1, and
s in the water

imit control, if
bl provided to
Lict to operate
nt of the limit

e operated at

maximum rated input with the inlet water valve completely closed, and water inlet valve restficted until the

product is de
69 Hydros
69.1 A con
operation is

rupture or leg

69.2 For cd

Fenergized. Attempts are.then to be made to energize the product.
atic Pressure and.Strength Test

hponent or assembly that is subjected to hydraulic pressure during normal
0 be testedvas indicated in 69.3 or 69.4. During the test the representative pro
k to the-extent that a risk of injury may be introduced.

mponents, if the strength of the material may be sensitive to the temperatures

or abnormal
duct shall not

developed in

use, the co

anents are to be si |hJinn1‘nrl to the pressure testwhile nypnenrl tothe same tem

eratures that

will be experi

enced in service and determined during the temperature test.

69.3 A representative component is to be filled with water so as to exclude air and then connected to a
hydraulic pump. The pressure is to be raised gradually to, and held for 1 minute at, a test value equivalent

to:

a) Twice the setting of the pressure relief device, or

b) If no pressure relief device is provided, twice the maximum pressure that the system is capable

of developing.

Exception: If the exception to 54.2 is utilized, the pressure used for this test is to be twice the product
marked maximum pressure rating.
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69.4 A representative component for a hot water washer is to be subjected to the same pressure test as
described in 69.3 but immediately following an operational test with the flow rate adjusted to the value
creating the maximum hose surface temperature. Valves and fitting are to be connected to the system so
that hydrostatic pressure testing may be conducted immediately after the system is shut down. If the
exception to 54.2 is utilized, the pressure used for this test is to be 2-1/2 times the maximum pressure
rating marked on the product.

69.5 Components subject to pressure and constructed of, or that rely upon, polymeric material are to be
subjected to the test of 69.3 before and after the mold stress test of 71.2.

70 Tests on Gaskets, Seals, and Parts

70.1 Fluid handling parts

70.1.1 A synthetic rubber gasket, seal, or part, in contact with one of the fluids indicated in Table 70.1,
when consid¢red on the basis of its intended function, shall comply with the réquirement$ in 70.2.1 —
70.4.2.

Exception Nd. 1: The weight loss test described in 70.4.1 and 70.4.2 need not be conducted with ASTM
Reference Fyel A or IRM 903 Oil.

Exception Ng. 2: If the limits for volume change or weight{loss are exceeded, a complete product
assembly shall be filled with the appropriate test liquid for 70-hours. Following the exposurd, the product
shall comply with the requirements in the Hydrostatic Pressure’and Strength Test, Section 69.

Table 70.1
Test liquids for synthetic rubber materials

Fluid in contagt with part Test liquid
Manufactured gnd Natural Fuel Gases IRM 903 QOil and n-Hexane

LP-Gas n-Hexane

Fuel Oils IRM 903 Qil

Gasoline A and C Reference Fuels (ASTM D471)

70.2 Agingjtest

70.2.1 Neopreneor rubber compounds, except foamed materials, used for gaskets to|seal a fuel-
confining parLar-electrical enclosure shall have physical properties as specified in Table 70 P before and

after accelerated aging under the conditions specified in Table 70.3.

Table 70.2
Physical properties of gaskets
Neoprene or rubber compound Polyvinyl-chloride
Materials Before test After test Before test After test
Elongation — Minimum increase in distance 50 percent of 50 percent or
between 1-inch (25.4-mm) gage marks at break Not specified original Not specified original
Tensile Strength — Minimum force at breaking 850 psig (5.86 50 percent of 1200 psig (8.27 50 percent of
point MPa) original MPa) original
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Table 70.3
Accelerated aging conditions

Measured temperature?® Test program

°C (°F) Rubber or neoprene Thermoplastic

60 140 Air oven aging for 70 hours at 100 £2°C (212 7 days in an air-circulating oven at 87°C (189°F)
13.6°F)

75 167 Air oven aging for 168 hours at 100 +2°C (212 10 days in an air-circulating oven at 100°C
13.6°F) (212°F)

80 176 7 days in an air-circulating oven at 113°C (235.4°F)

90 194 10 days in an air-circulating oven at 121°C 7 days at 121°C or 60 days at 97°C (206°F) in an
\L“I‘U.OHF) a'il'bilbuidl.illg OVCTI

105 221 7 days in an air-circulating oven at 136°C (276.8°)

@ The tempera
Test, Section §

ures specified correspond to the maximum temperature measured on the gasket during the'Nermal
7.

Temperature

70.2.2 Foa
electrical eng
The compoy
properties.

70.2.3 The
be subjected
shall not def
polyvinyl-chl

med neoprene or rubber compounds forming gaskets to seal a fuel-confinir
losure are to be subjected to accelerated aging under the conditions specified
nds shall not harden or otherwise deteriorate to a degree that will impair

moplastic materials forming gaskets to seal a fuel-confining part or electrical en
to accelerated aging under the conditions spegified in Table 70.3. Thermopl
brm or melt, or otherwise deteriorate to a degree that will impair its sealing prd
bride gasket material shall have physical properties as specified in Table 70.2 bg

the accelerated aging.

70.2.4 Gas
does not abs

kets of materials other than those.mentioned in 70.2.1 — 70.2.3 shall be made o
prb moisture and shall provide equivalent resistance to aging and temperatures.

70.3 Volume change

70.3.1 The
swelling or 1
Effect of Liqu

Exception: T
Fuel C.

volume change of-a-synthetic rubber gasket, seal, or part, shall be not more th
percent shrinkage when tested in accordance with the Standard Test for Ruli
ids, ANSI/ASTM D471-95; except as specified in 70.3.2.

he swelling shall be not more than 40 percent for a gasket or seal tested in AS]]

g part or an
n Table 70.3.
their sealing

closure are to
astic material
perties. Solid
fore and after

f material that

hn 25 percent

ber Property,

M Reference

70.3.2 The tests using ASTM Reference Fuels A and C, n-hexane, and IRM 903 Qil are to be conducted
at a temperature of 23 +2°C (77 +4°F). Three specimens are to be used in each test. Each specimen is to
be placed on a small diameter wire hook. Its volume is then to be determined by weighing first in air (M)
and then in water (M,). The specimens are then to be wiped dry and placed in the test liquid. After 70
hours, the specimens are to be removed from the liquid one at a time, immediately wiped dry, and weighed
in air while on the same hook (M3). The weight is to be obtained within 30 seconds after removal from the
test liquid. The final weight in water (M,) is to be determined immediately thereafter. Before obtaining the
weights in water (M, and M,), each specimen is to be dipped in ethyl alcohol, then dipped in water, in order
to eliminate surface air bubbles. The change in volume is to be calculated as follows, with the results
reported as the average of the three specimens tested:

[(M; - M) - (M, -M,)] > 100
(M - M)

Vohume Change (%) =
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70.4 Weight loss

70.4.1 The weight loss (extraction) of a synthetic rubber gasket, seal, or part, shall not be more than 10
percent when determined in accordance with the Standard Test for Rubber Property — Effect of Liquids,
ANSI/ASTM D471-95, except as specified in 70.4.2.

70.4.2 The test is to be conducted at the same time and using the same specimens as for the volume
change test described in 70.3.1 and 70.3.2. For this test, each specimen is to be weighed on a balance
pan, in air, to the nearest milligram (M) prior to immersion in the test liquid. After 70 hours immersion, and
following the weight determinations needed for the volume change calculation, the specimens are to be
allowed to reach constant weight by conditioning in air at a temperature of 23 +2°C (77 +4°F) for at least
70 hours. The_specimens are then to be weighed in air (M,). The loss in weight is to be calculated as
follows, and the results reported as the average of the three specimens tested:

(Ml _Mj) x ].00
M,

Weight Loss (%) =

70.5 Gaskefts and seals for fuel tank joints

70.5.1 In adg
compounds
the tank or b
tests specifie

ts or sealing
| fuel level in
jected to the

dition to complying with the requirements specified in,70.2.1 — 70.2.4, gaske
sed to prevent leakage through fuel tank joints andd{ocated below the intendeq
blow the maximum fuel level in a sump shall alsownot leak after test when sub
i in 70.5.2 —-70.5.6.

70.5.2 Thre
temperature ¢

70.5.3 Thre
room ambien

70.5.4 Thre
fuel mixture @

70.5.5 Each
aging, fuel e
representativ

70.5.6 Each
The fuel tank

aY

e representative fuel tanks under test afé to be placed in an air oven ma
f 100°C (212°F) for 168 hours.

b representative fuel tanks under.test are to be filled with the intended fuel an
of 23 +2°C (73.4 £3.6°F) for 720°hours.

b representative fuel tanks)under test are to be filled with a 50 percent water an
nd placed in a room ambient of 23 +2°C (73.4 +3.6°F) for 30 days.

representative fuel tank is to be subjected to an aerostatic leakage test bef
kposure, and\fuel and water exposure and after the drop test described in |
e gravity tank shall withstand a pressure of 1 psig (6.9 kPa) for 1 minute.

representative fuel tank that is intended to be removed for filling is then to be
is_to be half filled with water and dropped 30 inches (0.8 m), so that impact

ntained at a

d placed in a

d 50 percent

bre and after
70.5.6. Each

drop tested.
vill be on the

bottom of the Tank. Each representative Tuel tank is then 1o be subjected fo the Teakage test specified in
70.5.5.

70.6 Cleaning solution

70.6.1 If the deterioration of a liquid container, seal, or similar component could result in a risk of fire or
electric shock, the container, seal, and diaphragm shall be adequately resistant, as determined by
investigation, to deterioration from the liquid intended to be used in contact with that component.

70.6.2 The investigation for determining whether a component complies with the requirement in 70.6.1
depends upon the material of which it is composed, its size and shape, the mode of application in the
product, and other factors. The investigation may include visual inspection for cracks, deformation, and
similar deterioration after artificial aging, as well as comparison of hardness, tensile strength, and
elongation before and after artificial aging.
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70.6.3 With reference to 70.6.1 and 70.6.2, a component of rubber or neoprene, if tested to compare its
tensile strength and elongation before and after artificial aging, is acceptable if these properties are found
to be not less than the minimum values specified in Table 70.4 corresponding to the temperature of the
component during the normal temperature test.

Table 70.4
Artificial-aging tests

component d

Temperature on

uring normal

temperature test

Artificial-aging procedure

Tensile strength and
elongation

60°C or less

61—-75°C (144

76 —90°C (164
91-105°C (19

More than 60°C

60°C (140°F) grtess——

—167°F)

— 194°F)
6 — 221°F)

—tmmersiom for t88hoursat 7o =t C {158 0= 8°F)irrthe

liquid to which the component is exposed
Air oven aging for 70 hours at 100 +2°C (212 +3.6°F)

Immersion for 168 hours in a boiling solution of commercial
detergent — 25 grams per liter of water®

Air oven aging for 168 hours at 100 +2°C (212 £3.6°F); and air
bomb, 20 hours at 127 +1°C (260.6 +1.8°F) and 80 +3 psig
(551.6 £27.7 kPa)

Air oven for 168 hours at 121 £1°C (249.8 +1.8°F)
Air oven for 168 hours at 136 +1°C (276.8 +1.8°F)

At least 50 perd

ent of original

2|f the part is rf

ot subjected a detergent solution, the appropriate agent should‘be substituted for this test.

71 Testso
711

7111 Tod

contact wher
pounds (0.53

71.1.2 If th
vertically fror
be allowed tq
sphereis to

7113 Ifth

Ball-impact

kg).

e 51 inches

71.1.1imme

n Nonmetallic Enclosures and Guards

etermine compliance with 50.1,\the component installed as intended shall no
extent that moving or hot parts that may result in a risk of injury to persons are exposed to
struck with a smooth steel:sphere having a diameter of 2 inches (51 mm) and

e component being tested can be struck from above, the sphere is to be 3
h rest to strike the component. Otherwise, the sphere is to be suspended by a
fall from restias a pendulum to strike the component. In either case, the verticg

(1.30 m).

b component is intended for outdoor use, it shall also be struck with the spher
liately after being conditioned at =35 0 +2 0°C (=31 0 +3 6°F) for 3 hours

t crack to the
unintentional
veighing 1.18

llowed to fall
cord and is to
| travel of the

e specified in

Exception: For an appliance marked “Store Indoors” (or equivalent) in accordance with 112.1.5, the
conditioning temperature shall be 0.0 +2.0°C (32.0 +3.6° F).

71.2 Mold stress-relief distortion

71.2.1

A polymeric enclosure or guard shall withstand the conditioning described in 71.2.2 without:

a) Cracking, shrinkage, warpage, or other distortion that affects the functional strength of the part;

and

b) Being affected to the extent that moving or hot parts would be exposed to unintentional contact.
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71.2.2 A representative guard or enclosure is to be conditioned in an air-oven for 7 hours at a uniform
temperature not less than 10°C (18°F) higher than the maximum operating temperature of the material
during the Normal Temperature Test, Section 67, measured under normal operating conditions, but not

less than 70°C (158°F).

71.3 Light and water exposure

71.3.1

For a nonmetallic enclosure or guard that is exposed to sunlight during intended operation, the

Izod impact strength (71.4.1) and tensile impact strength (71.5.1) of specimens conditioned in accordance
with 71.3.2 shall not be less than 70 percent of that obtained on unconditioned specimens.

71.3.2 Five

water using th
Arc Type) for

water the spgcimens are to be conditioned for at least 24 hours at 23 £3°C (73 +57F) an

relative humig

71.4 Ilzodin

7141 The
for Impact Re
obtained fron

that tend to fl
impact test.

71.5 Tensile impact

71.5.1
Test for Tensi
specimens 0O
specimens cd

72 Drop-Impact Test

721 The tri
and 72.3 with

a) The
or

The fensile impact strength is to be détermined in accordance with the procedures sp

snecimens cut from the enclosure or auard are to he exnased for 720 hour
1 1

e test procedure described in the Standard for Light and Water Exposure Appar
Exposure of Nonmetallic Materials, ASTM G23-1969(1975). After exposureto

ity.
hpact

zod impact strength is to be determined in accordance withythe procedures spe
sistance of Plastics and Electrical Insulating Materials; ASTM D256-1981, on tg

bX (twist) in the test, the tensile impact test in Z1.5.1 is generally conducted in lig

e-Impact Energy to Break Plastics and Electrical Insulating Material, ASTM D1
btained from the finished\part, five specimens in the as-received conditi
nditioned in accordance'with 71.3.1 — 71.3.2.

bger guardfon®a hand-supported product shall withstand the impact test desc
but being-affected to the extent that:

perfarmance of the product is adversely affected so as to result in a risk of injun

to light and
atus (Carbon
the light and
d 50 percent

ified in Tests
n specimens

h the finished part, five specimens in the as.received condition, and fiv¢ specimens
conditioned i accordance with 71.3.2. For materials less than_1/8 inch (3.2 mm) thick and

on materials
u of the Izod

ecified in the
B22-1979, on
bn, and five

ribed in 72.2

y to persons,

b) Parts capable of causing injury to persons are exposed to unintentional contact.

72.2 Three representative products are to be dropped through 5 feet (1.52 m) to strike a flat, concrete
surface in the position most likely to produce unacceptable results. Fewer representative products may be
used for the test provided a total of nine drops are completed and each representative product completes
at least three acceptable drops.

72.3 Each representative product is to be dropped three times so that in each drop, the representative
product strikes a surface in a position different from those in the other two drops.

72.4 Trigger guard assemblies for all products shall be dropped as specified in 72.2 and 72.3 after being
conditioned for 3 hours at =35.0 +2.0°C (-31.0 +3.6°F).
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Exception No. 1: Portable equipment for use outdoors, but intended to be stored indoors, and marked in
accordance with 112.1.5 shall be conditioned for 3 hours at 0.0 +2.0°C (32.0 +3.6° F) instead of -35.0
+2.0°C (-31.0 +3.6°F).

Exception No. 2: Stationary and fixed equipment intended for indoor installation and marked in
accordance with 112.1.5 shall be conditioned for 3 hours at 0.0 +2.0°C (32.0 +3.6° F) instead of -35.0
+2.0°C (-31.0 +3.6°F).

73 Test for Strength of Support Handles

731 A support handle shaII withstand a load of four times the Welght of the product without damage to
the support b A
attached.

73.2 The lgad is to be uniformly applied over a 3-inch (76-mm) width at the center ofithe suU
without clamping. The load is to be started at zero and gradually increased,’so-that the
attained in 5to 10 seconds; the test value is to be maintained for 1 minute. If a.product has n
support handle and cannot be carried by one support handle, the load is.to be distributed
support handles. The distribution of the load is to be determined by, ,measuring the perc

product weid
product is fu
each support

73.3  Suppd

ht sustained by each support handle with the product inythe normal carrying
rnished with more than one support handle and can be carried by only one sU
handle shall withstand the total load.

rt handles constructed of, or that rely upon, pelymeric materials are to be su

pport handle,
test value is
hore than one
between the
bntage of the
position. If a
pport handle,

bjected to the

test of 73.2 before and after the mold stress test of 71.2.

74 Tests oh Pressure-Regulating Control Switches

741 Geneisal

7411 There shall be no shift in calibration greater than 5 percent above initial calibration pressure
setting after & pressure-regulating control switch has been subjected to its rated load for 30{000 cycles of
operation. An adjustable control.is\to be tested at its highest pressure setting unless the adjusting means
is reliably segled at a lower setting.

74.2 Overpgressure protection tests

74.2.1 To determihé compliance with the requirements in 54.1, a product provided with a pressure-
regulating cdntrohor pressure-relief deV|ce is to have its controls set to allow maximum pregsure to build
up within the 0aSS aretobe blocked or

otherwise set in the posmon that WI|| prowde the h|ghest pressure. The system deS|gn shall inhibit the
pressure from rising after the pressure-regulating control or pressure-relief device has activated or
discharged.

74.2.2 To determine the start-to-discharge pressure described in 54.2, each of three representative
devices is to be subjected to a gradually increasing hydraulic pressure, and the pressure at which the
device begins to open is to be recorded. For a rupture-disc type relief device, these values shall be within
5 percent of each other and their average identified as the setting for the rupture-disc type relief device to
be used. For a relief valve, the pressure setting of each representative device is considered to be the
average of the three opening-pressure values obtained for that representative device. The three average
values shall be within 5 percent of each other and their average identified as the start-to-discharge
pressure setting for the relief valve to be used.
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75 Metallic-Coating-Thickness Test

75.1 Except as specified in 75.2, the metallic-coating-thickness test described in 75.3 — 75.10 is to be
used to determine the thickness of a zinc or cadmium coating. The test is only to be conducted when a
required coating thickness is specified.

75.2 With the concurrence of those involved, a nondestructive test method may be used to determine the
thickness of a zinc or cadmium coating. The test method described in 75.3 — 75.10 is to be used whenever
referee measurements are necessary.

75.3 The solution used for this test is to be made from distilled water and is to contain 200 grams per liter

of chemically
(H,SO,). The
specific gravif

75.4 The te
equipped with
inches (140 n
which are ap
inserted in th
the stopcock
may be used

75.5 The r¢
acquire the te
be conducted

75.6 Each 1
nonmetallic c
to be rinsed i
hands or any

75.7 There
orifice, so tha
tested is to be

75.8 The st
dissolves the
appearance g

latter is equivalent to 27 milliliters per liter of chemically pure concentratéd
y 1.84, containing 96 percent of H,SO,.

5t solution is to be contained in a glass vessel such as a separatory-funnel w
a stopcock and a capillary tube of approximately 0.025 inch (0.64'mm) inside
hm) long. The lower end of the capillary tube is to be tapered. to form a top, th
proximately 0.025 milliliters each. To preserve a constant level, a small glass
e top of the funnel through a rubber stopper and its position is to be adjusted g
is open, the rate of dropping is 100 5 drops per minute. If desired, an additig
n place of the glass tube to control the rate of dropping.

presentative device and the test solution aréxto be kept in the test room lor]
mperature of the room, and the room temperature is to be noted and recorded.
at an ambient temperature of 21.1 — 32.2°€ (70 — 90°F).

epresentative device is to be cleaned before testing. All grease, lacquer, pai
batings are to be removed complétely by means of solvents. Representative dev
h water and dried. Care is to(be exercised to avoid contact of the cleaned sur
foreign material.

bresentative device to.be tested is to be supported from 0.7 — 1 inch (18 — 25 m
t the drops of selution strike the point to be tested and run off quickly. The 3
inclined approximately 45 degrees from horizontal.

ppcock is-tobe opened and the time in seconds is to be measured until the drop
protective metallic coating, exposing the base metal. The test is to eng
f the base metal recognizable by the change in color at that point.

h H id(CrO.) d.50 lit fch icall trat 1 i
pure-chromicacid{CrO-) an gramsperliter of chemically pure concentrated sulfuric acid

sulfuric acid,

ith the outlet
bore and 5.5
e drops from
tube is to be
o that, when
nal stopcock

g enough to
The test is to

nt, and other
ices then are
face with the

m) below the
urface to be

ping solution
at the first

75.9 Each representative test lot is to be subjected to this test at three or more points, excluding cut,
stenciled, and threaded surfaces, on the inside surface and at an equal number of points on the outside
surface, at places where the metallic coating may be expected to be the thinnest. On enclosures made
from precoated sheets, the external corners that are subjected to the greatest deformation may have thin
coatings.

75.10 To calculate the thickness of the coating being tested, the thickness factor appropriate for the
temperature at which the test was conducted is to be selected from Table 75.1 and multiplied by the time,
in seconds, required to expose base metal as determined in 75.8.
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Table 75.1
Coating thickness factors

Temperature, Thickness factors

°C (°F) Cadmium platings Zinc platings
21.1 70 1.331 0.980
21.7 71 1.340 0.990
222 72 1.352 1.000
22.8 73 1.362 1.010
23.3 74 1.372 1.015
289 75 T.383 T925
24.4 76 1.395 1.1:33
25.0 77 1.405 1.042
25.6 78 1.416 1.050
26.1 79 1.427 1.060
26.7 80 1.438 1.070
21.2 81 1.450 1.080
21.8 82 1.460 1.085
28.3 83 1,470 1.095
28.9 84 1.480 1.100
29.4 85 1.490 1.110
30.0 86 1.501 1.120
30.6 87 1.513 1.130
311 88 1.524 1.141
31.7 89 1.534 1.150
3p.2 90 1.546 1.160

76 Permanence of Markings

76.1 General

76.1.1 Labgls shall-bé acceptable and appropriate for the application. Ordinary usage, handling, and

similar treatment, of\the product and the atmosphere in which used are considered in the defermination of

the permanenceof the marking.

76.1.2 To determine if a pressure-sensitive label, or a label secured by cement or adhesive is of a
permanent nature, representative samples are to be subjected to exposure conditions for indoor use (As-
Received, Water Immersion, and Elevated Temperature) or, if applicable, to exposure conditions for
outdoor use (indoor use plus Low Temperature and Ultraviolet Light and Water Exposure), to determine
compliance with requirements for permanence and legibility in the Standard for Marking and Labeling
Systems, UL 969.

76.1.3 If a label is exposed to unusual conditions in service such as oils, detergents, or other conditions,
representative samples are to be subjected to an additional immersion test. This test is to be conducted in
the same manner as the immersion test described in UL 969 except that the samples are to be immersed
in a representative solution of service use, instead of in demineralized water. For exposure to detergents,
the solution is to consist of a mixture of 25 grams of a commercial detergent per liter of water. Following
the test, the labels shall comply with the requirements for permanence and legibility in the Standard for
Marking and Labeling Systems, UL 969.
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76.2 Cord tags

76.2.1

a)In76.2.2-76.2.5; and

A tag used for the cautionary marking described in 113.5.1 shall comply with the requirements:

b) For permanence and legibility in the Standard for Marking and Labeling Systems, UL 969, when

tested

as specified in 76.1.1.

Exception: A tag used for the cautionary marking that complies with the applicable requirements in the
Standard for Marking and Labeling Systems — Flag Labels, Flag Tags, Wrap-Around Labels and Related
Products, UL 969A, for the intended cord surface, the specific environmental conditions (indoor dry, indoor

damp, and ol
requirement.

76.2.2 Thre
conditioning
76.2.5. After

a) The
b) The

c) The
mm).

d) The
rende

e) Ov
remai

76.2.3 Each
supply cord i
sooner than 2

76.2.4 The

a) The
tempe

tdoor locations, as applicable), and limited slippage rating, i1s not required to co

=)

-

as-received samples and six samples of the tag that have been subj
bpecified in 76.2.4, three for each condition, are to be subjected, to the test
esting, the samples shall comply with the following requirements:

tag shall not tear for more than 1/16 inch (1.6 mm) at any point;
tag shall not separate from the power-supply cord;

tag shall not slip or move along the length of thespower-supply cord more than 1
re shall be no permanent shrinkage, defermation, cracking, or any other cong
the marking on the tag illegible; and

rlamination shall remain in place and not be torn or otherwise damaged. The
legible.

sample is to consist of alength of power-supply cord. The tag is to be affixed
h the intended manner. If tags are applied by an adhesive, tests are to be @
4 hours after application of the tag.

conditioning required by 76.2.2 is to consist of the following:

samples.are to be conditioned for 24 hours in an air-circulating oven maintained
rature_of 87.0 +1.0°C (188.6 £1.8°F). Following removal from the oven, the s3

remai
30 mi

1

at\a temperature of 23.0 +2.0°C (73.4 £3.6°F) and a relative humidity of 50 4
utes before testing

nply with this

bcted to the
described in

/2inch (12.7

ition that will

printing shall

o the power-
onducted no

at a uniform
mples are to
5 percent for

b) The samples are to be conditioned for 72 hours in a humidity of 85 +5 percent at 32.0 +2.0°C
(89.6 £3.6°F). The samples are to be tested within 1 minute after the conditioning.

76.2.5 The power-supply cord, with the attachment plug pointing up, is to be held tautly in a vertical
plane. A force of 5 pounds (22.3 N) is to be applied to the uppermost corner of the tag farthest from the
power-supply cord, within 1/4 inch (6.4 mm) of the vertical edge of the tag. The force is to be applied
vertically downward in a direction parallel to the major axis of the cord and maintained for 1 minute. In
determining compliance with 76.2.2(d), manipulation is possible, such as straightening of the tag by hand.
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PERFORMANCE - ELECTRICAL SYSTEMS

77 Leakage Current Test

771

with 77.3 — 77.8. Leakage current shall not be more than:

a) 0.5 milliampere for a portable product, and

A cord-connected product rated for a nominal 240-volt or less supply is to be tested in accordance

b) 0.75 milliampere for a product intended to be fastened in place or located in a designated space,

ande

mploying a standard attachment plug rated 20 amperes or less.

77.2 Leak

conveyed bgtween exposed conductive surfaces of a product and ground or other expos

7

e current refers to all currents, including capacitively coupled currents,

surfaces of thhe product.

77.3 All exposed conductive surfaces are to be tested for leakage currents. If‘simultaneous

the leakage
conductor in
an exposed
Surfaces are
both hands
voltages thaf]

774
leakage curr
the surface.
surface. The

77.5 Them
instrument is
same numer|
the attributeq

a) Th

currents from exposed conductive surfaces are to be measured to the gro
jividually as well as collectively, and from one surface to another. A part is con
surface unless guarded by an enclosure that complies with the requirements i
considered to be simultaneously accessible when they can be readily contac
pf a person at the same time. These measurements ‘do not apply to terminals
do not present a risk of electric shock (Class 2 or less).

If a conductive surface other than metal is used-for the enclosure or part of the ¢

bnt is to be measured using a metal foil having an area of 10 by 20 centimeters i
f the surface is less than 10 by 20 centimeters, the metal foil is to be the sam
metal foil is not to remain in place longrenough to affect the temperature of the p

easurement circuit for leakage current is to be as illustrated in Figure 77.1. The
defined in (a) — (c). The meter that is actually used for a measurement need on
cal value for a particulaf measurement as would the defined instrument; it nee
of the defined instrument.

e meter is to have an input impedance of 1500 ohms resistive shunted by a ¢

0.15 microfarad.

b) Th
voltag

c) Oy

e meter ,is{o indicate 1.11 times the average of the full-wave rectified composits
e across-the resistor or current through the resistor.

er.a frequency range of 0 — 100 kilohertz, the measurement circuitry is to hav

lthat may be

d conductive

ly accessible,
inded supply
sidered to be
n Section 15.
ed by one or

operating at

nclosure, the
n contact with
e size as the
roduct.

measurement
y indicate the
d not have all

apacitance of

waveform of

e a frequency

response — ratio of indicated o actual value of current — that is equal to the ratio of the impedance
of a 1500-ohm resistor shunted by a 0.15-microfarad capacitor to 1500 ohms. At an indication of
0.5 or 0.75 milliampere, the measurement is to have an error of not more than 5 percent at 60
hertz.
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Figure 77.1

Leakage current measurement circuits

PRODUCT METER
S F —
GR
S1 q INSULATING
—— TABLE

GROUNDED SUPPLY CONDUCTOR B

Product intend¢d for connection to a 120-volt power supply, os illustroted above.

- s PRODUCT METER
I 1200 s . |
240V = (9 H e ==
‘ 120V LV 4
1

GR
S1 ) ; NSULATING

TABLE

GROUNDED SUPPLY CONDUCTOR B

Product intendg¢d for connection to o 3-wire, grounded neutral power supply, as illustrated above.

GR

- ISR
1 120V (Q '
24i)v 307] - St

PRODUCT METER

S2 /
; ¢,

5 B!
L_d — NSULATING

TABLE

GROUNDED SUPPLY CONDUCTOR B

Product intended for connection to a 3-wire, grounded neutral power supply, as illustrated above.

LC300J

A. — Probe with shielded lead.

B. — Conductor separated and used as clip when measuring leakage currents from one part of appliance to another.


https://ulnorm.com/api/?name=UL 1776 2023.pdf

OCTOBER 19, 2023 UL 1776 123

77.6 Unless the meter is being used to measure leakage from one part of a product to another, it is to be
connected between accessible parts and the grounded supply conductor.

77.7 A sample of a product is to be tested for leakage current starting with the as-received condition —
with the grounding conductor, if any, open at the attachment plug. The as-received condition is without
prior energization, except as may occur as part of the production-line testing. The supply voltage is to be
adjusted to rated voltage. The test sequence, with reference to the measurement circuit — Figure 77.1 — is

to be as follows:

a) With switch S1 open, the product is to be connected to the measurement circuit. Leakage
current is to be measured using both positions of switch S2, and with the product switching devices
in all their normal operating positions.

b) Sw
is to

itch S1 is then to be closed energizing the product, and within 5 seconds, the le
be measured using both positions of switch S2 and with the product switching

their pormal operating positions.

c) Th
and S
operg

b |leakage current is to be monitored until thermal stabilization. Beth. positions o
2 are to be used in determining this measurement. Thermal stabilization is to b
tion as in the normal temperature test.

77.8 Normally the complete leakage current test, as specified\dn 77.7 is to be condu

interruption f
interrupted tq

78 Leakag

78.1 A pro
following exy
1+2°C (90 +4°

78.2 Arep
representatiy
Following th
unenergized
chamber or i
energized ar
current stabi

or other tests. With the concurrence of those congcerned, the leakage curren
conduct other nondestructive tests.

b Current Test Following Humidity Conditioning

osure for 48 hours to air having a-relative humidity of 88 +2 percent at a temg
F).

esentative product is to-be heated to a temperature just above 34°C (93°F
e product is to be placed in the humidity chamber under the conditions spe
b conditioning and.while still in the chamber, the representative product is
as described in( 77.7(a). Either while the representative product is still in
mmmediately after’it has been removed from the chamber, the representative pr
d tested as:described in 77.7 (b) and (c). The test is to be discontinued whe
izes or deereases.

79 Insulatirn Resistance Test Following Humidity Conditioning

hkage current
devices in all

f switches S1
e obtained by

cted, without
test may be

juct as described in 77.1 shall comply with the requirements for leakage cyrrent in 77.1

erature of 32

. The heated
cified in 78.1.
to be tested
the humidity
bduct is to be
n the leakage

79.1

A permanently connected product, and a cord connected product rated more than 240 volts, which

employs insulation material likely to be adversely affected by moisture under condition of normal use shall
be conditioned for 48 hours in moist air having a relative humidity of 88 +2 percent at a temperature of 32.0
12.0°C (89.6 £3.6°F). After the conditioning, the product shall have an insulation resistance of not less
than 50,000 ohms between live parts and dead metal parts.

79.2 The product is to be conditioned for 48 hours in moist air having a relative humidity of 88 +2 percent
at a temperature of 32.0 +2.0°C (89.6 +3.6°F).

79.3 Ordinarily, insulation resistance is to be measured by means of a voltmeter having an internal
resistance of 30,000 ohms and using 250-volt direct-current circuit.
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80 Starting

80.1

Current Test

A product shall start and operate normally on a circuit protected by an ordinary — not time-delay —

fuse having a current rating corresponding to that of the branch circuit to which the product would normally
be connected. The performance is unacceptable if the fuse opens or an overload protector provided as
part of the product trips.

Exception No. 1: The requirement concerning an ordinary fuse does not apply if:

a) The construction of the product or the nature of its use is such that it is likely to be used

contin

b) The

c) The

Exception Ng
product that ¢

and operates|
to that of the

80.2 The pri
the test. Each
All motors arg

81 Input Tept
81.1 The current or wattage input to a product shall not be more than 110 percent of the rate
81.2 The cyrrent input or the wattage input,~as applicable, is to be measured with the prod

operating tem

82 Bonding

821 A con
representativ
of the followin

a) Wh

ually on the same branch circuit after installation,

product will start and operate normally on a circuit protected by a time-delay fus

product is marked in accordance with 112.1.21.

. 2: The requirement concerning an ordinary fuse does not apply\to a Type
ould normally be used on a 15- or 20-ampere branch circuit, provided that the [
normally on a circuit protected by a time-delay fuse having airampere rating ¢
branch circuit on which the product would normally be used.

bduct is to be started three times, with the product at\reom temperature at the
start of the product is to be made under conditiofis representing maximum no
to be allowed to come to rest between successive starts.

perature under maximum normal load conditions.
Conductor Tests

juctor as mentioned in Exception No. 4 to 21.13 may be used if, using
b product far each test, neither the bonding conductor nor the connection opens
g conditians:

e, and

1 or Type 2
roduct starts
brresponding

beginning of

rmal loading.

d value.

Lict at normal

a separate
under either

en cartying a current equal to twice the rating or setting of the intended branch-circuit
overCerrent—protective device for the time specified in Table 82.1.

b) When subjected to the limited-short-circuit test described in 82.2.

Table 82.1
Duration of current flow, bonding-conductor test

utes

Overcurrent-device rating, amperes Minimum duration current flow, min
30 orless 2
31-60 4
61-100 6
101 -200 8
201 -400 10
401 -600 12
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82.2 The circuit for the test described in 82.1(b) is to have a power factor of 0.9 — 1.0 and is to be limited
to the current specified in Table 82.2, at the voltage specified in Table 62.1. The open-circuit voltage of the
test circuit is to be 100 — 105 percent of the specified voltage. The circuit is to be connected through a
nonrenewable time delay type fuse. The rating of the fuse is to be equal to that of the intended branch
circuit overcurrent device.

Table 82.2
Short-circuit test currents

Products rating, amperes
Single phase Circuit capacity,
110-12pV 200-208V 220-240V 277V dmperes
9.8 or less 5.4 orless 4.9orless - 200
9.9-14.0 55-8.8 5.0-8.0 6.65 or less 1000
16.1 - 34.0 8.9-18.6 8.1-17.0 - 2000
34.1-80.0 18.7-44.0 17.1-40.0 - 3500
Over 8(.0 Over 44.0 Over 40.0 Over 6.65 5000
Three phase
200-20B V 220-240V 440 - 480V 550 — 600 V
212 or lgss 2.0orless - - 200
213-37 21-35 1.8 orless 1.4 orless 1000
3.8-95 3.6-9.0 - - 2000
9.6-233 9.1-22.0 - - 3500
Over 23.3 Over 22.0 Over 1.8 Over 1.4 5000

83 Dielectiic Voltage-Withstand Test

83.1 A product shall withstand for 1 minute without breakdown the application of a 60-heftz essentially
sinusoidal pgtential between live parts and dead metal parts with the product at the maximum operating
temperature feached in normal-Use: The test potential for the primary circuit is to be:

a) Orle-thousand volts’ for a product employing a motor rated 1/2 horsepower (373(W output) or
less gnd 250 voltsior less.

b) One-thausand volts plus twice the voltage specified in Table 62.1 for a producf employing a
motor rated more than 1/2 horsepower or more than 250 volts.

83.2 The test potential for the secondary circuit of a product employing a transformer or autotransformer
is to be:

a) One-thousand volts plus twice the operating voltage if the secondary operates at 251 — 600
volts.

b) One-thousand volts if the secondary operates at 51 — 250 volts.
c) Five-hundred volts if the secondary operates at 50 volts or less.

Exception: This does not apply if the secondary circuit is supplied from a Class 2 transformer.

83.3 The product is to be tested by means of a 500 volt-ampere or larger transformer, having an output
voltage that is essentially sinusoidal and can be varied. The applied potential is to be increased from zero
until the required test value is reached and is to be held at that value for 1 minute. The increase in the
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applied potential is to be at a substantially uniform rate and as rapidly as possible, consistent with its value
being correctly indicated by a voltmeter.

83.4 The ignition system specified in 36.1.3 shall withstand for 1 minute, without breakdown, the

application of

a 60 hertz potential of:

a) 150 percent of the maximum voltage to ground between high-tension live parts and noncurrent-
carrying parts; and

b) 150 percent of the maximum voltage to each other between live parts of opposite polarity.

84 Flooding Tests

84.1 GenerLI

8411 Asa
film-coated w
a compartme
leakage curre
each test, the
Section 83, a

84.2 Comp

84.21 A pr
switch defeat

84.2.2 A prqg
and water or

operation with the boot, diaphragm, seal, ar;gasket removed.

Exception: TH
been investig|

84.3 Overfl

84.3.1
reservoir is tg
and 0.18 oun
solution equ3

For @& productwith a reservoir or liquid storage chamber that can be filled to ovs

result of each condition described in 84.2.1 — 84.6.1, there shall besn® wetting
re, or insulation likely to be adversely affected by the liquid involved, and no liqu
nt housing field-installed wiring. For a cord-connected product rated 250 volts
nt is to be monitored during and after each test for compliance with Section 1
product shall comply with the requirements in a repeated Dielectric Voltage-W
nd is then to be examined for presence of liquid.

bnent malfunction or breakdown test

pduct with a timer switch or a float or pressure-operated switch is to be oper
bd in the most adverse position.

other electrically conductive liquid is to be operated through one complete cy

e boot, diaphragm, seal,.or gasket is not to be removed if it is not subject to fle
hted and found to betacceptably resistant to the effects of the liquid involved. Se

pbw test
be filled-to overflowing with distilled water to which 0.02 ounce (0.57 g) of soq

ce (5.1 g) of a low sudsing detergent, both per quart of solution, have been addsd
I'to’ 10 percent of the capacity, but not more than 1 quart, is then to be po

of live parts,
id shall enter

or less, the
(7. Following
thstand Test,

hted with the

duct that employs a boot or diaphragm or a liquid seal or gasket of rubber or sinilar material,

tle of normal

ing, and has
e Section 70.

rflowing, the
lium chloride
d. Additional
ired into the

reservoir through an orifice 3/8 inch (9.5 mm) in diameter. During this test the product is to be in the normal
position for filling the reservoir or liquid chamber.

Exception: This test need not be conducted on a product with a reservoir that must be removed for filling.

84.4 Test on polymeric components intended for water-handling

84.4.1

A reservoir or tank assembly of polymeric material, including attached tubing, is to be drilled with

a 1/4-inch (6.4-mm) diameter hole in the most adverse location. If a hole is to be drilled in tubing that is
less than 1/4 inch inside diameter, the hole size is to be equal to the inside diameter of the tubing. The hole
is to be plugged and the tank or reservoir filled to 50 percent of its capacity with the solution described in
84.3.1. The plug is then to be removed and the entire contents permitted to flow out. During this test the
reservoir is to be in its intended position on the product and the product is to be in the most adverse
position that may exist during normal operation.
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84.5 Water spray test|

84.5.1 The test described in 84.5.2 and 84.5.3 is to be conducted on a product that is stationary or fixed
and intended for outdoor use, but not intended to be installed in a washing area.

84.5.2 The product is to be mounted under the apparatus described in 84.5.3 and subjected to a water
spray for 1 hour while operating and 1 hour while not operating.

84.5.3 The water spray apparatus is to consist of three spray heads constructed in accordance with the
details illustrated in Figure 84.1 and mounted in a water supply pipe rack as illustrated in Figure 84.2. The
water pressure is to be maintained at each spray head at approximately 5 psig (34 kPa). The distance
between the centernozzle-and-the Qpplinnr\n is to ho Qpprnvimai‘nly 5 foet (1_‘; m) The prjduct is to be
brought into [the focal area of the three spray heads in such a position and under such’epnditions that
water will be [most likely to enter, except that consideration is to be given to the intended mounting position.
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Figure 84.1

Rain-test spray head

ASSEMBLY 2

F BODY
38-1/2" 8=t l—— c —-[ 1/2" TAPERED PIPE
d
\ P N A& A A& THREAD
AN
D
I -
£
Max) 1o A -
H (DRLL THRU)
INSERT
45° COUNTERSINK - N (4Ax)
S (DEEP) gp T&LE?Z&' T (DRILL THRU)
N
\[1‘
'’ R (ORILL_TQ/DEPTH
LS L REQUIRED FORMHROAT)
.
— v (HEX' OR ROUND
_jM e R RN STOCK)
U (DRILL THRU) L
— K f-—
J

3 - SQUARE SECTION SLOTS —\f WIDE x G DEEP - SPACE 120° -
60° HELIX - LEADING EDGES TANGENT TO RADIAL HOLES

RT100G
Item Inch mm Item Inch mm
A 1-7/16 31.0 N 1/32 0.80
B 7/16 11.0 P 575 14.61
576 14.63
c 9/16 14.0 Q 453 11.51
454 11.53
D 578 14.68 R 1/4 6.35
580 14.73 S 1/32 0.80
E 1/64 0.40 T (No. 35)° 2.80
F c c U (No. 40)° 2.50
G 0.06 1.52 v 5/8 16.0
H (No. 9)° 5.0 W 0.06 1.52
J 23/32 18.3
K 5/32 3.97
L 1/4 6.35
M 3/32 2.38

b Drill size per ASME B94.11 (1993), Twist Drills.

¢ Optional — To serve as wrench grip.

@ Nylon Rain — Test Spray Heads are available from Underwriters Laboratories Inc.

4 ASME B1.20.1 (1983)(R1992) Pipe Threads, General Purpose (Inch).
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Figure 84.2

Rain-test spray-head piping
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EACH SPRAY HEAD \\\
SIDE VIEW \‘\
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RT101B

Item inch mm
A 28 710
B 55 1400
C 2-1/4 55
D 9 230
E 3 75
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84.6 Water spray testll

84.6.1 A portable product or a product intended to be located in a wash area is to be subjected to a solid
stream of water from a hose fitted with a nozzle as illustrated in Figure 84.3. Unless there are other
possible operational positions of the product as stated in the manufacturer's instruction manual, the unit is
to be placed on a flat horizontal surface for the duration of the test. The hose is to be connected to a water
supply capable of maintaining a flow rate of 5 gallons (19 L) per minute as measured at the outlet orifice of
the nozzle. The hose stream is to be directed over the entire surface of the product, at several angles,
including the indirect splashing described in 84.6.2, from a distance of 6 — 7 feet (1.8 — 2.1 m) for 5
minutes with the product not operating, and for 5 minutes with the product operating and the trigger
depressed in the full flow position.

Exception: The water spray test conducted by means of the product's own high pressurecdi$scharge for 5
minutes from|a distance of 5 ft (1.5 m) meets the intent of the requirement. The discharge shall be made
using the noZzle or nozzles supplied with the product that produces the worst case'test criteria (highest
pressure and|highest flow rate).

84.6.2 During the 10 minute spray test described in 84.6.1, the product is to be subjected to casual
splashing cadsed by the hose stream directed at the supporting surface of'the product to indlirectly spray
the undersidqg of the machine.

Figure 84.3
Nozzle
SECTION A-A
|« 1—=1/2 INCHES —]
(38.1 mm)
1-1/8 INCHES —5/16 INCH
(28.6 mm) (7.9 mm)
— 21/32 INCH
(16.7 mm)

Wil

D W_??}bj' !
77

L 3/16 INCH
(4.8 mm) 3/4 INCH
(19.1 mm)PIPE OR

85 Test on Gripping Areas

85.1 Ifinsulating material used for a gripping area as specified in 13.1 overlies dead metal, it shall:
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a) Show no holes, cracks, distortion, or other visible evidence of deterioration after being
conditioned as described in 85.2;

b) Not break, crack, rupture, or show other adverse affects after being subjected to the impacts
described in 85.3. The impacts are to be conducted on separate representative products that have

been

conditioned as described in 85.2 (a) and (b); and

c) Comply with the requirements in 85.4 following the impacts described in 85.3, and conditioning
described in 85.2(c).

85.2 The conditioning mentioned in 85.1 is to consist of placing:

a) A

(18°F
operg
room

b) A
-35.0
speci

Excef
accor
-35.0

C) As
of 88

85.3 Withr
pounds (6.8
weighing 1.1
side being in

85.4 The g

Section 83,
dead metal 9

86 Testso

86.1 A swit
perform acc

cplcoclltat;vc pluduut ;II arll G;I u;luu:atilly UVCITI fUI 7 hUuIO at d tclllpclatul

higher than the maximum temperature of the gripping area under the conditior
tion, but not less than 70°C (158°F). The representative product is to be @lowe
temperature before testing.

separate representative product in a conditioning chamber for 3 hours at a tg
+2.0°C (-31.0 +3.6°F). The representative product is to be subjected to th
ied in 85.3 immediately upon removal from the chamber.

btion: Portable equipment for outdoor use, but intended to’be stored indoors,
dance with 112.1.5, shall be conditioned for 3 hours at-0.0 +2.0°C (32.0 +3.6°
+2.0°C (-31.0 +3.6°F).

eparate representative product in a conditioning chamber for 48 hours at a rel
2 percent at a temperature of 32 +2°C (90-+4°F).

pference to 85.1(b), each area under €onsideration is to be subjected to two imp|
J). Each impact is to be applied by dropping a steel sphere, 2 inches (51 mm) in
8 pounds (0.54 kg), through a vertical distance of 51 inches (1.30 m). The sidg
pacted is to be placed against:a rigid, supporting surface.

Fipping areas shall comply with the requirements in the Dielectric Voltage-W
vith the potential applied between aluminum foil wrapped around the gripping
f the handle, lance,Jor wand.

n Switches and Controls

that is 10°C
s of intended
d to return to

mperature of
e impact test

dnd marked in

F) instead of

btive humidity

acts of 5 foot-
diameter and
opposite the

thstand Test,
area and the

ch of<other device that controls a motor, a solenoid, a relay coil, or other eq
=ptably when subjected to an overload test conS|st|ng of 50 cycles of mak

breaking curte

ipment, shall
ing and then
o electrical or

mechanical malfunction or breakdown of the deV|ce or undue burning or plttlng of the contacts. The fuse in
the grounding connection shall not open.

Exception No. 1: This requirement does not apply to a device known to be acceptable for the application.

Exception No. 2: A device interlocked so that it will never break the locked-rotor motor current need not be

tested.

86.2 Dead metal parts of a product are to be connected to ground through a 3-ampere plug fuse. During
the test the device is to be operated at a rate of not more than 10 cycles per minute, except that a faster
rate of operation may be employed if agreeable to those concerned. The product is to be connected such
that any single-pole, current-interrupting device is located in the ungrounded conductor of the supply
circuit. If the product is intended for use on direct current, or on direct current as well as alternating current,
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the exposed dead metal parts of the product are to be connected so as to be positive with respect to a
single-pole, supply-circuit current-interrupting device.

86.3 A switch or other device that controls a solenoid, relay coil, or other equipment, is to be tested while
controlling its maximum load during normal operation. For this test the product is to be connected to a
supply circuit of rated frequency and 110 percent of the test voltage specified in Table 62.1.

86.4 A switch or other device that controls a motor is to be tested with the rotor locked. For this test the

product is to be connected to a supply circuit of rated frequency and voltage as specified in 62.2.1.

87 Tests on Temperature Controls

87.1 An au
temperature-
be tested as
temperature
connection sh

87.2 During
through a 3-a

87.3 Atemyq
of rated frequ

omatically-reset temperature control shall be tested as described in 87.3.7]
gulating control is to be tested as described in 87.5, and a temperature-limiti

control nor welding or undue pitting or burning of the contacts. The fuse in t
all not open.

the tests described in 87.3 — 87.6, the enclosure of the product is to be connec
mpere fuse.

erature control is to be operated for 50 cycles with the product connected to a
ency and 120 percent of the test voltage specifiediin Table 62.1.

87.4 For th¢ test described in 87.3, connections are~t6’ be made so that the full test vd

between:
a) Live

b) The

87.5 Atemq
the current to

87.6 An aut
and then br
temperature-|
the maximum

parts of the control mechanism, and

enclosure and other dead metal*parts of the product.

erature-regulating contrelis to be operated for 100,000 cycles of making and t
the maximum load that it controls during intended operation.

bmatically reset temperature-limiting control is to be operated for 100,000 cycl
paking the «maximum load that it controls during normal operation. A m3

load thatit controls during intended operation, followed by 5000 cycles of no-log

N addition, a
control is to

e n
]iescribed in 87.6. There shall be no electrical or mechanical malfunction or bre{kdown of the

e grounding

ed to ground

supply circuit

Itage occurs

hen breaking

s of making
nually reset

miting control is to be operated for 1000 cycles of making and then breaking the current to

d operation.

88 Strain-Relief Test

88.1 A strain relief means provided on an attached flexible cord, is to be tested in accordance with 88.2.
At the point of disconnection of the conductors, there shall be no movement of the cord as to indicate that
stress would have resulted on the connections.

88.2 The connections of the attached flexible cord within the appliance are to be disconnected. A 35
pound (15.9 kg) weight is to be suspended on the cord and supported by the product so that the strain-
relief means will be stressed for 1 minute from any angle that the construction of the product permits.

88.3 Strain relief constructed of, or mounted in, polymeric materials is to be subjected to the test of 88.2
before and after the mold stress test of 71.2. The representative strain relief is to be allowed to cool before
repeating the strain relief test after mold stress conditioning.
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89 Radiation Test

89.1

A product that produces radiation, such as X-rays, microwaves, ultrasonic sound, laser, ultraviolet,

or infrared light, shall be investigated with respect to the effects of the radiation on users and service

personnel.

90 Ozone Generation Test

90.1

A product that produces ozone during normal operation shall not produce an average time weighted

concentration above background in excess of 0.1 part per million, nor a transitory concentration of more

than 0.3 part

per million when tested as described in 90.3 — 90.6.

90.2 With
considered

90.3 Ozons
having a vold
by 3.0 m). Al
at a tempera

90.4 Prior
product off.
measuremer

90.5 Thep

Normal Temperature Test, Section 67. The average time weighted concentration is to be cons

average con

90.6 If the
with replaced
test describe
not operating
ozone emiss
91 Overvo
91.1

from applicat
that could re

!

A prodluct employing a series motor is to be operated for 1 minute at the no-load sp

ference to the requirement in 90.1, the normal functioning of electrical contac
be capable of generating an unacceptable concentration of ozone.

concentration is to be measured with the product located in the center of a clo
me of 1000 cubic feet (28.3 m?) and approximate dimensions of 8by 12 by 10 fe

[ points is not

sed test room
et (2.4 by 3.7

test room walls are to be covered with sheet polyethylene. The test room is to he maintained

ure of approximately 25°C (77°F) and a relative humidity of 50percent.

o and immediately after the test, the ozone backgreund level is to be meas
The background level average is to be calculated and subtracted from t
t during the test.

oduct is to be operated in the same manner;’and for same length of time, as s

Centration of ozone extrapolated for .an8-hour operating period.

broduct can be operated with any/of its fans, heaters, or similar components nq
ble charges, filters, or similar;parts removed, or with fluid, or similar material
d in 90.3 — 90.5 is to be-repeated a sufficient number of times with the various
, or with the items removed or exhausted, to determine that these conditions d
on exceeding that specified in 90.1.

tage Test

ion of-1.3 times the rated voltage. There shall be no breakage, release, or loose
bultinaa risk of injury to persons.

ured with the
he maximum

becified in the
sidered as the

t functioning,
Xhausted, the

components
Db not result in

eed resulting
ning of a part

PERFORMANCE - FUEL-FIRED SYSTEMS

92 Combustion Tests

92.1

92.1.1
of the burner

92.1.2

Gas-fired products

assembly in accordance with 92.1.2 — 92.1.16. See 94.1.2, 95.9.2, and 95.16.2.

during any sudden change in the gas firing rate between maximum and minimum rates.

Combustion shall be complete in the space provided by the product over the full operating range

Ignition shall occur and stable combustion shall be maintained at the minimum rate of firing or
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92.1.3 A product shall function uniformly and reliably at the maximum input recommended by the
manufacturer without a loss of heat to the chimney or vent in excess of 25 percent of the heat input to the
product.

92.1.4 The maximum temperature of flue gases at the maximum input recommended by the
manufacturer shall not exceed the applicable value specified in Table 67.1. The maximum flue gas
temperatures specified are for combustible construction in proximity of the chimney or vent connector
when the indicated clearances are maintained.

92.1.5 Only a product equipped with an integral draft hood is acceptable for connection to a Type B gas
vent. Any other product is acceptable only for connection to a chimney.

92.1.6 The performance shall be such that:
a) Ignition is obtained on each cycle within the prescribed ignition time period.

b) Ignition is obtained at each cycle without flash of flame outside the representative product being
fired and without damage to parts of the product.

c) Stable fires are obtained at all operating firing rates.

d) Thg concentration of carbon monoxide in the flue gases jis ot in excess of 0.04 percent in an air
free rgpresentative product taken at all firing rates.

e) No| soot has been deposited on surfaces of ¢he'heat exchanger, flue passapes, or vent
connegtor of the representative product fired for thetest.

f) Surfaces of the fire box, hearth, electrodes, and igniters and their insulators gre free from
detrimental formation of carbon, soot, and:tan.

g) A pilot does not deposit detrimental carbon when adjusted according to the mpnufacturer's
instrugtions.

92.1.7 The product is to be arranged for operation in accordance with the instructions furnished by the
manufacturerland is to be fired atrates representing the full operating range of the burner assembly.

92.1.8 The product is to befired with all the test gases for which the product is rated. The |nput, air-fuel
ratio, and other operating'conditions are to be in accordance with the manufacturer's instructigns.

92.1.9 Each testsis to be conducted at rated gas pressure. The manifold pressure |is to be as
recommendef.by the manufacturer.

92.1.10 The water level in the product is to be maintained at intended level.

92.1.11 A burner assembly of the on and off type is to be fired 10 minutes on and 10 minutes off for
intermittent firing tests.

92.1.12 A product with a modulating burner assembly is to be fired in successive cycles, each cycle
consisting of 10 minutes on high fire, 10 minutes on intermediate fire, 10 minutes on minimum fire, and 10
minutes off for intermittent firing tests.

92.1.13 During each test period, observations and recordings are to be made of the draft on each
operating rate, ignition, and combustion characteristics, combustion-chamber conditions, and any
unintentional performance.
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92.1.14 The fuel burning rate, draft over fire, CO, and any CO are to be observed and recorded for each
operating fire.

92.1.15 The test duration is to be sufficient to obtain conclusive performance data.

92.1.16 Measurements of flue-gas temperature and CO,, are to be made. The hourly flue or stack loss is
to be computed as the summation of heat above room temperature carried by CO,, N,, free air, and water
vapor. For the purpose of this computation, water vapor is assumed to exist as a vapor above room
temperature; condensation occurring at room temperature. The stack loss is not to exceed 25 percent of
the gross heating value of the gas being fired. The maximum flue-gas temperature is not to exceed the
limits specified in Table 67.1.

92.2 Oil-firL,d products

92.2.1 Con
when tested

bustion shall be stable and complete at all firing rates over the operating range
n accordance with 92.3.1 — 92.4.14, provided that:

bf the product

a) Automatic ignition is obtained on each cycle within the intended period of time.

b) Ignjition is obtained at each cycle without backfire, flash, or puff.

c) Stable combustion is obtained at all operating firing rates without flash of flamegs outside the

representative product being fired.

d) THe observed smoke at all firing rates during.each prescribed test does nof exceed that
indicgted by a number 2 spot for products firing-a_distillate fuel and a number 4 spat for products
firing p residual type fuel on the Shell-Bacharach'scale with the Model RDC smokemeter.

e) Combustion at all firing rates is completeand consistent.

f) No excess amount of soot is deposited on surfaces of the heat exchanger, flue pagsages, or the
flue plipe of the representative product fired for the test. Any tar or flocculent soot agcumulation is

consi

g) Su

from @letrimental formation of carbon, soot, and tar.

h) No
orin
adver
or tha
exceq

Hered to be excessive.

rfaces of the fire bex;>hearth, nozzles, electrodes, and igniters and their insul

excess amount of carbon, soot, and tar has been deposited on surfaces or ac|
aporizing\burners and ignition rings of wall-flame burners. Any accumulation lik
se affect-on the performance of the burner that continually increases as the tes
t reduces the area of air openings in the burner or restricts fuel input, is con
sive.

htors are free

cumulated on
bly to have an
t progresses,
sidered to be

i) A pilot does not deposit detrimental carbon when adjusted according to the manufacturer's
instructions.

j) An escapement or bleed pilot flame is freely ignited by the constant-burning pilot.

92.3 Oil-fired products with mechanical-atomizing burners

92.3.1

The representative product is to be fired with the heaviest grade of fuel for which it is rated and

the air-fuel ratio adjusted in accordance with the manufacturer's instructions. The draft over fire is to be the
value recommended by the manufacturer, but is not to exceed 0.06 inch water column (15 Pa) for burners
fired at 5 gph (18.9 L/hr) or less; and is not to exceed 0.09 inch water column (22 Pa) for burners fired at
more than 5 gph, but not more than 16 gph (60.1 L/hr); except that for a burner intended only for
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application to a specific product equipped with forced or induced draft fan, or both, the draft is to be as
specified by the manufacturer.

92.3.2 The burner is to be fired until steady-state combustion conditions exist. Observations are to be
made for each operating fire. For a modulating burner, these observations are to be made at minimum,
intermediate, and maximum operating fires. The observed smoke shall not be more than that indicated on
the Shell-Bacharach smoke scale as specified in 92.2.1(d).

92.3.3 A product with an automatically-lighted burner of the on and off type is to be fired intermittently 10
minutes on and 10 minutes off.

92.3.4 A productw an-automatica ghted-modulating-burneris-to-be-firedin-success cycles,each
cycle consisting of 10 minutes on high fire, 10 minutes on intermediate fire, 10 minutes on~ninimum fire,
and 10 minutés off.

N successive
the burner is

92.3.5 A prpduct with a manually-lighted automatically-regulated burner is tg'\be fired i
cycles, each [cycle consisting of 10 minutes on high fire, 10 minutes on intermediate fire if
constructed t¢ be so fired, and 10 minutes on minimum fire.

92.3.6 A pr¢duct with a manually-lighted manually-regulated burner S to be fired in succe

each cycle cg

92.3.7 Durin

nsisting of 2 hours on high fire, 2 hours on intermediatédire, and 4 hours on mini

g the test period, daily observations and recordings are to be made of the g

ssive cycles,
mum fire.

raft on each

operating fir¢, ignition, and combustion characteristics,<;éombustion chamber conditiofs, and any

abnormal per
92.3.8 The

and recorded
test.

92.3.9 The

formance.

uel-burning rate, draft over fire, smoke; and CO, on each operating fire are to
at the beginning of the test, after each 50 hours of operation thereafter, and at t

duration of each test is-'t0 be sufficient to obtain conclusive performance

be observed
he end of the

data, and is

expected to b until the representative product has been fired for 250 hours.

92.3.10 Foll
those having

pwing each test.the total electrical input and the electrical input of each compg
B pilot duty rating; are to be measured.

nent, except

92.4 Oil-fired products with vaporizing burners

9241 The
indicated by r

smoke observed during the tests specified in 92.4.2 — 92.4.14 shall not be mpre than that

Heaber2 anat-aontha-Shall D haos b-oraal ]
UmivsT < opuUL U U1 OT1ICTToaciiardulm SITiUnG oudadic.

92.4.2 The burner is to be fired with the heaviest grade of fuel for which it is rated and the air-fuel ratio
adjusted in accordance with the manufacturer's instructions. The draft regulator is to be adjusted to
maintain the manufacturer's recommended high-fire draft which is not to exceed 0.06 inch (15 Pa) water
column. Draft settings are to be made normally on high fire. No change in draft or combustion air
adjustment is to be made for other firing rates unless changed automatically, except for a manually
regulated burner when the instructions on the burner so state, in which case correlation of the calibrations
of the fuel and draft or air adjustment shall be included with those instructions.

92.4.3 The burner is to be fired at each firing rate until steady-state combustion conditions exist.

92.4.4 Observations are to be made of the smoke produced by a pilot fire over the allowable range of
pilot firing rates in 1 cubic centimeter increments from the minimum rate to and including a rate of 10 cubic
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centimeters per minute or the maximum pilot rate allowed by the fuel-metering device, whichever is
smaller.

92.4.5 A product with a manually-regulated burner and a modulating burner are to be fired successively
at rates beginning with a firing rate of 10 cubic centimeters per minute or the minimum rate allowed by the
fuel-metering device and then at rates progressively increasing in increments equivalent to approximately
10 percent of the maximum high-fire rate as allowed by the metering device. The smoke is to be observed
at each firing rate.

92.4.6 A product with an automatically-regulated burner intended to fire at one or more predetermined
firing rates is to be fired at the minimum and maximum firing rates allowed by the fuel-metering device and

at allowable jntermediate rates in steps equivalent to approximately 10 percent of the maximum firing rate.
Smoke obsefvations are to be made at each firing rate.
92.4.7 The|burner is to be fired in accordance with the appropriate schedule describel in 92.4.8 —

92.4.10. The
determined
recommends

9248 Anpr
the following

a) Fiv

b) Tw|

¢) The duration of the test is ta be four weeks.

9249 Apr
30 minutes o
minutes on p
for two succ

firing rate selected is to be the allowable rate in each range which produced m
n accordance with 92.4.3 — 92.4.6. The air-fuel ratio for the test is to be
d by the manufacturer's instructions.

bduct with a manually-regulated burner is to be fired eachweek of the test in ac
schedule:

e successive days per week —
1) Four hours at high fire.
2) Four hours at intermediate fire.
3) Sixteen hours at low or pilot fire\

D successive days per week at Iow or pilot fire.

bduct with an automatically-regulated burner intended to operate with an oil pilo
n a high fire, 30'minutes on an intermediate fire if the burner is intended to be sa
ilot fire, as a continual cycle for five successive days per week, then on pilot fire
bssive days per week, each week of the test. The duration of the test is to b

pre smoke as
adjusted as

cordance with

t is to be fired
fired, and 30
continuously

b sufficient to

obtain 250 hours of ¢peration on high fire.
92.4.10 A product with an automatically-regulated burner equipped with electric or gas ighition is to be
fired 30 minutesomhigh fire, oron each fire stage if the burmer s ntended to operate wittrultiple stage

fires, and then be off for 30 minutes as a continual cycle throughout the test. The duration of the test is to
be sufficient to obtain 250 hours of operation on high fire.

92.4.11 During the test period, daily observations and recordings are to be made of the draft on all
operating fires, ignition and combustion characteristics, combustion chamber conditions, and any
abnormal performance.

92.4.12 The fuel-burning rate and draft over fire are to be determined and smoke observation and flue-
gas analyses are to be made on each operating fire and recorded at the beginning of the test, after each
period of 50 hours of operation on high fire, and at the end of the test.

92.4.13 Atthe end of a test described in 92.4.8 or 92.4.9, smoke observations as described in 92.4.5 and
92.4.6 are to be made.
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92.4.14 Following each test the voltage is to be adjusted to rated voltage and the total electrical input
and the electrical input of each component, except those having a pilot duty rating, are to be measured.

93 Ignition Tests — General

93.1 A burner assembly or device equipped with multiple igniters, each of which can function
independently of the others is to be tested in accordance with 93.2 — 95.15.1, and with all other igniters
rendered inoperative, each individual igniter shall provide ignition.

93.2 Unless otherwise indicated, all tests are to be conducted with:

a) The representative product arranged as described in the Combustion Tests, Section 92;
b) Thg combustion air supplied at room temperature; and
c¢) Oil,\when applicable, supplied at the intended temperature.
94 Ignition|Tests — Gas Fired Products
94.1 Pilot supervision
94.1.1 Pilotfsupervision by a safety control shall be only at a point where the pilot flame ignites the fuel at

the main bur
safety control

ner or burner group with the pilot burning with any. flame capable of actuating the primary

94.1.2 Com

Before the te

pliance with 94.1.1 is to be determined inxConjunction with the Combustion Tests
5t is begun, the gas supply to the pilot is-to be regulated to provide a flame whic

the primary safety control. At least five trials are to.lbé made for each pilot flame tested.

9413 The

to be position

combustion detector of a primary safety control that detects the presence of ign
ed so that the combustion.detector responds to flame properties only. At the r|

, Section 92.
h will actuate

ition spark is
ated voltage,

the signal stiength due to an ignition spark shall be not more than 50 percent of the signal strength
required to hgld in the flame relay at 110 percent of rated voltage.

94.1.4 Com
Before the tes
that ignition s

pliance with 94(1.3is to be determined in conjunction with the Combustion Tests
t is begun, the gas supply to the pilot is to be shut off. Five trials are to be made
park, or reflection from any part of the burner or device capable of reflecting the

, Section 92.
to determine
b spark, does

not result in @ signal_strength in excess of the specified value. Each trial is to have at legst 5 minutes
duration.
94.2 Ignition, gas-electric high tension

94.2.1 A gas-electric high tension ignition system shall ignite the pilot of a gas burner assembly having
an input of more than 400,000 Btu per hour, per individual combustion chamber, or the pilot or main burner
of a gas burner having an input of 400,000 Btu per hour or less, per individual combustion chamber
immediately upon admission of gas when the ignition system is connected to a power supply having a
voltage equal to 70 percent of rated voltage. The pilot, if provided, shall ignite fuel introduced into the
ignition zone.

94.2.2 Compliance with 94.2.1 is to be determined immediately following the Combustion Tests, Section
92. Each spark gap is to be adjusted to the maximum recommended by the manufacturer, but not less
than 1/16 inch (1.6 mm).



https://ulnorm.com/api/?name=UL 1776 2023.pdf

OCTOBER 19, 2023 UL 1776 139

94.2.3 The voltage of the power supply to the ignition system is to be regulated to 70 percent of rated
voltage, and the voltage of the power supply to the safety control circuit is to be regulated to 85 percent of
rated voltage for an alternating-current product and 80 percent of rated voltage for a direct-current product.
Except that a direct spark ignition circuit that incorporates an integral ignition transformer is to be tested at
70 percent of rated voltage on the primary circuit of the ignition system or the minimum voltage the ignition
system will operate, whichever is higher.

94.2.4 Five trials are to be made. If the burner or device employs an interchangeable transformer, an
appropriate interchangeable test transformer is to supply the burner assembly or device and five additional
trials for ignition are to be made. During each trial, ignition shall occur and no flame shall flash outside the
representative product.

94.3 Gas-dlectric hot-wire — reduced voltage

94.3.1 No flame shall flash outside the burner when tested as described in 94.3.2 — 94.3.5.

jive means to

Exception: T
prevent the
alternating-c

94.3.2 A by
a voltage tha
burner or de

94.3.3 Apg
is one that
disconnect th

attempt to start has begun.

94.3.4 Con
92.

94.3.5
94.4 Gas -
9441 The

ignition cycle
the igniters.

Ignition is to be attempted-at the voltage specified in 94.3.2. Five trials are to be mad

his requirement does not apply to a burner or device equipped with a posit
burner from attempting ignition at voltages less than 85 percent of rated V
rrent product or 80 percent of rated voltage for a direct-current product.

rner with a gas-electric hot-wire ignition system is to.be connected to a power
t is 70 percent of the rated voltage, or not less than.the minimum voltage be
ice is positively prevented from attempting ignition, whichever is higher. See 94

sitive means for preventing a burner assembly from attempting ignition below a
vill always prevent an attempt to start when the voltage is below a specific
e burner assembly from the power source if the voltage drops below a specific

pliance with 94.3.2 is to be détermined immediately following the Combustion

electric hot-wire — endurance

igniter of\a gas-electric hot-wire ignition system shall function as intended for
s whemstested in accordance with 94.4.2. There shall be no electrical or mecha

oltage for an

supply having
ow which the
3.3.

given voltage
alue and will
value after an

[ests, Section

at least 6000
nical failure of

94.4.2 Three representative igniters are to be tested. The ignition system is to be connected to a power
supply having a voltage equal to 110 percent of the rated primary voltage. The ignition system is to be
energized and then de-energized successively as repeating cycles. The duration of the on period is to be
the pilot flame-establishing period for the burner. The duration of the off period is to be twice the on period
unless the ignition system requires a longer time to complete a cycle of operation, in which case the off
period is to be the minimum allowed by the system.

94.5 Gas-electric hot-wire — component temperatures

94.5.1 Parts of an electric hot-wire ignition system shall not attain temperatures in excess of those
indicated for such parts in Table 67.1 when the system is energized as follows:

a) A system that automatically recycles on ignition or flame failure is to be allowed to cycle until
equilibrium temperatures are attained.
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b) A system that requires manual reset upon ignition or flame failure is to be energized and then
reset as quickly as the system will allow after lockout until five attempts for ignition have been

made.

c) A system that remains energized upon ignition failure is to be energized continuously until

equilibrium temperatures are attained by the parts.

d) A system manually energized by means of a momentary contact switch that cannot
on position is to be energized for 5 minutes.

be left in the

e) A system manually energized by means of a switch that can be left in the on position is to be

energized continuously until equilibrium temperatures are attained by the parts.

94.5.2 The {uel supply to the burner is to be shut off during attempted trials for ignition.

94.5.3 For
burner shall

product with automatically-lighted multiple burners, fuel delivered for 'Combustion to any

4 and 94.5.6.

e ignited by the flame at any other burner when tested in accordance\with 94.5.
In addition, when the fuel delivered by one or more burners is interrupted during an ignition g
when tested in accordance with 94.5.4 and 94.5.6, ignition or combustion shall not increase t
or injury to persons.

94.5.4 For g product with multiple igniters, each of which can function independently of t
igniters but ohe are to be rendered inoperative. The representative product is to be energi
accordance with its intended sequence of operation. Five trials-for-ignition are to be made.

r firing cycle,
he risk of fire

ne others, all
zed to fire in
During each

trial, ignition ¢f the fuel introduced into the ignition zone by.each burner shall occur, no flame shall flash

outside the rgpresentative product, and stable combustiof’shall be maintained. The test is to
on each ignitgr.

94.5.5 For the tests in 94.5.4 and 94.5.6, multiple burners with multiple igniters, each

be repeated

bf which can

function independently of the others, shalllight as intended when all igniters but one are rendered

inoperative. An igniter for an automaticallyllighted multiple burner that delivers main gas fue
ports of more| than one orifice shall provide acceptable ignition when the orifice of one burng
the igniter is

94.5.6 The port or ports of one)burner are to be plugged. The representative product is to
to fire in accordance with its'infended sequence of operation. Five trials are to be made. Duri

lugged, and the initial plugged orifice is unplugged and any other orifice plugged.

| through the
r adjacent to

be energized
ng each trial,

fuel introduced into the signition zone shall be ignited, no flame shall flash outside the rg¢presentative

product beind fired, and<table combustion shall be maintained. The test is to be repeated on

95 Ignition|- Qil-Fired Products

pach burner.

95.1 Ignition, electric high-tension — reduced voltage

95.1.1 An electric high-tension ignition system for an automatically- or remotely-lighted

burner shall

ignite fuel introduced into the ignition zone when connected to a power supply having a voltage equal to 70
percent of the normal test voltage. Also, the primary safety control is to be connected to a power supply
having a voltage equal to 85 percent of normal test voltage for an alternating-current product and 80
percent of normal test voltage for a direct-current product. See 95.1.3.

95.1.2 Compliance with 95.1.1 is to be determined immediately following the Combustion Tests, Section
92. During this test:

a) The oil-temperature control for a burner intended to burn preheated oil is to be set for the
minimum temperature recommended in the manufacturer's instructions for the grade of oil fuel
being used;
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b) Each spark gap is to be adjusted to the maximum recommended by the manufacturer, but not
less than 1/8 inch (3.2 mm), if the burner is to employ an interchangeable transformer;

c) The temperature of the oil as supplied to any parts of the burner, except those located
downstream from the preheater, is to be 1.7 £3°C (35 +5°F); and

d) If a burner is equipped with a preheater, the temperature of the oil at the inlet to the preheater is
to be not less than 11°C (20°F) above the pour point of the test fuel.

95.1.3 For a burner with a primary safety control that can be connected only for interrupted ignition, the
voltage of the power supply to both the ignition system and primary safety control is to be regulated to the
minimum voltage necessary to initiate a trial for ignition.

95.1.4 The
period. Five
appropriate i
are to be mag
product.

95.1.5 Follg
fire rate for a

95.2 Electilic high-tension — combustion detectors

95.2.1 The
is to be posit

95.2.2 Con

burner is to be energized and allowed to remain energized for the designéd r
trials are to be made. If the burner may employ an interchangeable trg
hterchangeable test transformer is to supply the burner and five additional trig
de. During each trial, ignition shall occur and no flame shall flash.outside the 1

wing the last trial for ignition and as a continuation thereof, the burner is to bel
least 15 minutes, during which period stable combustion ‘shall be maintained.

combustion detector of a primary safety control that can detect the presence of
oned so that the combustion detector senses only the presence or absence of fl

pliance with 95.2.1 is to be determin&d in conjunction with the Combustion Test

Before the te
the appropri

capable of permitting the flame relay to-rémain energized, is to be recorded. The fuel supply
provided, is then to be shut off and thé voltage reduced to normal test voltage. Five trials are
determine thpt ignition spark, or a reflection of the spark from any part of the burner or prod
detected by the combustion detéctor at a value greater than 50 percent of the recorded signa
actuates and holds in the flame.relay.

95.3 Electiic hot-wire ~reduced voltage — test 1

95.3.1
burner.

If ignition @ccurs after being tested as specified in 95.3.2 — 95.3.5, no flame shall fla

st is begun, a minimum pilot condition is to be established with the safety contrg
te overvoltage as specified in Table 62.1. The minimum signal strength, curre

al-for-ignition
nsformer, an
Is for ignition
epresentative

fired at high-

ignition spark
bme.

5, Section 92.
| operating at
nt or voltage,
to the pilot, if
to be made to
uct cannot be
strength that

5h outside the

Exception: This requirement does not apply to a burner equipped with a positive means to prevent the
burner from attempting a trial-for-ignition at voltages less than 85 percent of normal test voltage for an
alternating current product or 80 percent of rated voltage for a direct current product.

95.3.2 A product with an electric hot-wire ignition system is to be connected to a power supply having a
voltage that is 70 percent of the rated voltage, or not less than the minimum voltage below which the
burner is positively prevented from attempting a trial for ignition, whichever is higher. See 95.3.3.

95.3.3 A positive means for preventing a burner from attempting a trial for ignition below a given voltage
is specified in 95.3.4.

95.3.4 Compliance with 95.3.2 is to be determined immediately following the Combustion Tests, Section
92. During this test:
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a) The oil-temperature control for a burner intended to burn preheated oil is to be set for the
maximum temperature recommended in the manufacturer's instructions;

b) The oil supplied to any parts of the burner, except those located downstream from the preheater,
is to be at room temperature;

c) If a burner is equipped with a preheater, the temperature at the outlet of a preheater is to be the
maximum recommended in the manufacturer's instructions for the grade of fuel being used.

95.3.5

Ignition is to be attempted at selected voltages specified in 95.3.2. The burner is to be energized

and allowed to remain energized for the intended trial-for-ignition period. Five trials are to be made.

95.4 Electric hot-wire — reduced voltage — test 2

9541 Ane
fuel introducs
tested as spe

954.2 The
85 percent of
for a direct-cy

95.4.3 Com
92. During thi

a) The oil-temperature control for a burner intended to burn preheated oil is to b

minim
being

b) Th
downg

c) If 3

preheater is to be at room temperature.

95.4.4 The

period. Five tfials are to be'made.

95.4.5 Follg
fire rate for at

ectric hot-wire ignition system for an automatically- or remotely-lighted) burne
d into the ignition zone and no flame shall flash outside of the burnerduring ea
Cified in 95.4.3 —95.4.5.

gnition system and burner are to be connected to a power supply having a vol
normal test voltage for an alternating-current product or 80*percent of the norm3
rrent product.

pliance with 95.4.1 is to be determined immediately. following the Combustion T
5 test:

LUm temperature recommended in the manufacturer's instructions for the gra
used for the test;

tream from a preheater, is to'be 1.7 +3°C (35 £5°F); and

burner is equipped with’ an oil preheater, the temperature of the oil at the

burner is to belenergized and allowed to remain energized for the designed tri

wing_ the-last trial for ignition and as a continuation thereof, the burner is to be
least 5 minutes. Stable combustion shall be maintained.

r shall ignite
ch trial when

age equal to
| test voltage

ests, Section

b set for the
e of oil fuel

b temperature of the oil as supplied to any parts of the burner, except those located

inlet to the

al-for-ignition

fired at high-

95.5 Electri

95.5.1

¢ hot-wire — endurance

The igniter of an electric hot-wire ignition system for an automatically- or remotely-lighted burner

shall function as intended for at least 6000 ignition cycles. There shall be no electrical or mechanical

failure of the i

gniters.

95.5.2 Three representative igniters are to be tested. The burner is to be connected to a power source
having the appropriate overvoltage as specified in Table 62.1. The system is to be energized and then de-
energized successively as repeating cycles.

a) The duration of the on period is to be the trial-for-ignition period for automatically-lighted burners
and the average time required to establish ignition as determined during the Combustion Tests,
Section 92.
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b) The duration of the off period is to be twice the on period unless the control system requires a
longer time to complete a cycle of operation, in which case the off period is to be the minimum
allowed by the control system.

95.6 Electric hot-wire — component temperatures

95.6.1

indicated for such parts in Table 67.1 when the system is energized as described in 94.5.1.

Parts of an electric hot-wire ignition system shall not attain temperatures in excess of those

95.6.2 For the test in 95.6.1, the fuel supply to the burner is to be shut off during attempted trials for

ignition.

95.7 Gas —reduced voltage

95.7.1 A pilot flame for an automatically- or remotely- lighted burner with a gas.ignition [system shall,
during each frial, ignite fuel introduced into the ignition zone in accordance with'95.7.2 — 95.7.5 and the
ignition shall|not flash outside the burner.

95.7.2 Thelignition system and burner are to be connected to a power’supply as descriped in 95.4.2
having a voltage equal to 85 percent of rated voltage for an alternating=current product and|80 percent of

rated voltagg

for a direct-current product.

95.7.3 Conpliance with 95.7.1 is to be determined immediately following the Combustion Tests, Section
92. During thjs test:
a) The oil-temperature control for a burner intended to burn preheated oil is to Be set for the

minin

b) Th

from {he preheater is to be 1.7 +3°C (35 +5°F); and

um recommended in the manufacturer's instructions;

b temperature of the oil suppliedto any parts of the burner, except those locateq

downstream

c) If g burner is equipped with*an oil preheater, the temperature of the oil at the inlet to the
prehgater is to be at room temperature.
95.7.4 The|representative/proeduct is to be energized and allowed to remain energized fpr the design
trial-for-ignitipn period. Five trials are to be made.
95.7.5 Following the last trial for ignition and as a continuation thereof, the burner is to be| fired at high-
fire rate for af least\15 minutes. Stable combustion shall be maintained.
95.8 Gas — pilot supervision
95.8.1 Pilot supervision by a safety control shall be only at a point where the pilot flame ignites the oil at

the main burner or burner group when the gas supply to the pilot is reduced so the flame is just sufficient to
actuate the primary safety control.

95.8.2 Compliance with 95.8.1 is to be determined in conjunction with the Combustion Tests, Section 92.
Initially the trial to ignite the main burner fuel is to be made with the fuel to the pilot regulated to produce a
flame of the minimum size which can be detected by the combustion detector of the primary safety control.
The pilot flame size is then to be increased in small increments up to the maximum pilot size and trials to
ignite the main burner fuel are to be made with each pilot size. At least five trials to ignite the main burner
fuel are to be made with the minimum pilot and with any other size pilot which appears to be critical.
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95.9 Gas - flame failure response

95.9.1 A burner employing steam for an atomizing fuel shall not provide a false indication of pilot or main
flame due to the atomizing media.

95.9.2 Compliance with 95.9.1 is to be determined in conjunction with the Combustion Tests, Section 92.
Before the test is begun, the fuel supply to the pilot is to be regulated to provide the minimum pilot flame
required to actuate the primary safety control. During the initial startup the main manual fuel shutoff valve
is to be closed and after the pilot flame is supervised, the pilot fuel supply is to be shut off by the manual

valve. The pri

959.3 Asa
valve, the bu

mary safety control shall actuate to de-energize the pilot safety valve.

the fuel to the¢ main burner is to then be shut off by action of a manual valve. The primary s

shall actuate
95.10 Gas -
95.10.1 Ap
turned on or
compliance W

95.11

95.11.1 A b
burner and ig

o de-energize the main fuel safety valve.
- stability

lot flame shall not become extinguished unintentionally when.the main burner o
pff in the intended manner, either manually or by automatic' controls. Visual ex
ith this requirement is to be made in conjunction with the Combustion Tests, Sed

Gas-¢lectric — ignition

urner equipped with a gas-electric ignition.system shall not ignite the gas or
nition systems are connected to a power supply having a voltage equal to 11

normal test vgltage and a trial-for-ignition is made with no gas available.

Exception: TH
prevents a tri

95.11.2 Cor
Section 92. D

is requirement does not applyte’a product equipped with a proved pilot or a
hi-for-ignition when no gas is-available.

hpliance with 95.11.1-is"to be determined immediately following the Comb
uring this test:

a) The oil-temperature) control for a burner intended to burn preheated oil is to b

maxim

um recommended in the manufacturer's instruction;

b) The
to be

to be

oil supplied to any parts of the burner, except those located downstream from a

e pilot safety

¢r which time

afety control

I burners are
amination for
tion 92.

oil when the
0 percent of

control which

istion Tests,

e set for the

preheater, is

t recom temperature; and
c)If aé[mmmﬁpvmwﬁm?@m‘mmm

the maximum recommended in the manufacturer's instructions for the grade

used for the test.

preheater is
of fuel being

95.11.3 The gas supply to the ignition system is to be shut off. The representative product is to be
energized and allowed to remain energized for the designed trial-for-ignition period. Five trials are to be

made.

95.12 Gas-electric high-tension

95.12.1

outside the burner.

During each ftrial specified in 95.12.2 — 95.12.5, ignition shall occur and no flame shall flash
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95.12.2 A gas-electric high-tension ignition system for an automatically- or remotely-lighted burner shall
ignite the pilot immediately upon admission of pilot gas when the ignition system is connected to a power
supply having a voltage equal to 70 percent of normal test voltage and the safety control circuit is
connected to a power supply having a voltage equal to 85 percent of normal test voltage for an alternating-
current product and 80 percent of normal test voltage for a direct-current product. If the burner is equipped
with a primary safety control that can be connected only for interrupted ignition, the voltage of the power
supply to both the ignition system and primary safety control is to be regulated to the minimum voltage
necessary to initiate a trial for ignition.

95.12.3 Compliance with 95.12.1 is to be determined immediately following the Combustion Tests,
Section 92, except that the test voltage is to be as indicated in 95.12.4. During this test:

a) The oil-temperature control for a burner intended to burn preheated oll Is to, e set for the
minimum temperature recommended in the manufacturer's instructions for the"grdde of oil fuel
being|used for the test;

b) Eafh spark gap is to be adjusted to the maximum recommended by the\manufactdrer, but a gap
is to Be not less than 1/16 inch (1.6 mm);

c) The temperature of the oil as supplied to any parts of the_burner, except those located
downptream from a preheater, is to be 1.7 £3°C (35 +5°F);

d) The combustion air is to be supplied at room temperatufe;and

e) If p burner is equipped with an oil preheater,, the temperature of the oil at the inlet to the
prehdater is to be not less than 11°C (20°F) above_the pour point of the test fuel.

95.12.4 The representative product is to be energized and allowed to remain energized for{the designed
trial-for-ignitipn period. Five trials are to be made. If the product may employ an interchangeable
transformer, @n appropriate interchangeable test transformer is to supply the product, and {ive additional
trials-for-ignifion are to be made.

95.12.5 Following the last trial for ignition and as a continuation thereof, the burner is to b fired at high-
fire rate for at least 15 minutes. Stable combustion shall be maintained.

95.12.6 A das-electric high=tension ignition system shall perform acceptably when tested ih accordance
with 95.8.1 -{95.11.1.

95.13 Gas-electri¢ hot-wire — reduced voltage — test 1

95.13.1 If ignition occurs after being tested as specified in 95.13.2 — 95.13.4, no flame shal| flash outside
the burner.

Exception: This requirement does not apply to a burner equipped with a positive means to prevent the
burner from attempting a trial-for-ignition at voltage less than 85 percent of rated voltage for an alternating
current product or 80 percent of rated voltage for a direct current product.

95.13.2 A product with a gas-electric hot-wire ignition system is to be connected to a power supply
having a voltage that is 70 percent of the rated voltage, or not less than 70 percent of the normal test
voltage or not less than the minimum voltage below which the burner is positively prevented from
attempting a trial-for-ignition, whichever is higher. See 93.3.3.

95.13.3 Compliance with 95.13.2 is to be determined immediately following the Combustion Tests,
Section 92. During this test the product is to be operated as described in 95.11.2.
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95.13.4 Ignition is to be attempted at selected voltages within the range specified in 95.13.2. The burner
is to be energized and allowed to remain energized for the intended trial-for-ignition period. Five trials are
to be made.

95.14 Gas — electric hot-wire— reduced voltage - test 2

95.14.1 A gas-electric hot-wire ignition system for an automatically- or remotely-lighted burner shall
ignite the pilot immediately upon admission of pilot gas and no flame shall flash outside of the burner
during each trial when tested as specified in 95.14.2 — 95.16.1. The pilot shall effect complete ignition of
the oil fuel as introduced into the ignition zone. The ignition system and burner are to be connected to a
power supply having a voltage equal to 85 percent of normal test voltage for an alternating-current product
or 80 percent i

95.14.2 Compliance with 95.14.1 is to be determined immediately following the Comb
Section 92. During this test:

stion Tests,

a) Th b set for the

minim

oil-temperature control for a burner intended to burn preheatéd oil is to b
Lm recommended in the manufacturer's instructions;

b) The
from 4

c) If 3

preheater is to be at least 11°C (20°F) above the pour point of the test fuel.

95.14.3 Thsg
trial-for-ignitig

95.14.4 Foll
rate for at lea

95.15 Gas -

95.15.1 Ag
95.5.1 - 95.6

temperature of the oil supplied to any part of the burner, €xcept those located
preheater, is to be 1.7 £3°C (35 £5°F); and

burner is equipped with an oil preheater, the t€mperature of the oil at the

representative product is to be energized-and allowed to remain energized for
n period. Five trials are to be made.

pwing the last trial for ignition and ‘as’a continuation thereof, the burner is to be
5t 15 minutes. Stable combustion-shall be maintained.

- electric hot-wire — general

hs-electric hot-wirgtignition system shall perform acceptably when tested in acg
2 and 95.8.1 - 95.10.1.

95.16 Manu

al — general

95.16.1 A
with the instr
be made inc

anually-lighted-vaporizing burner shall ignite within 5 minutes when lighted in
ctions marked on the product. Visual examination for compliance with this requ

downstream

inlet to the

the intended

fired at high-

ordance with

accordance
irement is to

95.16.2 For this test the fuel feed rate, with the oil-regulating device set at the lighting position and any
allowable predetermined oil level in the burner, is to be the minimum to be maintained in production.

95.16.3 The burner is to be lighted in accordance with the instructions and allowed to fire at the high-fire
input and draft for at least 15 minutes if it has not been fired previously. The fuel is then to be turned off.
After the burner has returned to room temperature, it is to be lighted again in accordance with the
instructions. Stable ignition shall occur within 5 minutes after the fuel-regulating device opens.

95.17 Stability

95.17.1 A manually-lighted burner is to be lighted in accordance with the instructions marked on the
product and fired at high-fire rate for at least 30 minutes. The fuel is then to be shut off. As soon as burner


https://ulnorm.com/api/?name=UL 1776 2023.pdf

OCTOBER 19, 2023 UL 1776

147

flame has extinguished, the burner is to be relighted in accordance with the instructions.

In each case

ignition shall occur. No flame shall flash outside the representative product when the burner flame is

lighted or extinguished.

95.18 Ignition flash

95.18.1 A manually-lighted burner shall not flash with sufficient intensity to ignite chees

ecloth that is

located and described as in 95.18.2, or disrupt product operation when the fuel is turned on while an

unlighted burner is hot, or when attempts are made to light the hot burner.

95.18.2 Compllance with 95.18.1 is to be determlned |mmed|ately foIIowmg the Combustion Tests,

Sectlon 92.

then shut o
regulating d

. As soon as the burner flame has extinguished and before opening any dg
vice is to be opened to high-fire position. If no autogenoeus ignition occurs in 15
burner is to| be ignited with a burning taper or with the burner igniter. CAUTION: AV
APPROACH| TO BURNER WHILE ATTEMPTING IGNITION: The test is to be repeated by
same procedure, but successively igniting the burner 30, 45,60, 120, 180, 240, and 300 sec
fuel-regulating device is turned on. However, if intended autogenous ignition is obtaine

interval, the
ignition befo

bpening of the fuel supply is to be delayed the minimum time required to avoi
proceeding. The burner is to be fired.at least 30 minutes on high fire before ea

95.19 Reduced voltage

95.19.1 Ifig
the burner.

nition occurs after being testéd as specified in 95.19.2 — 95.19.5, no flame shal

95.19.2 Aqg
connected to
70 percent @
positively preg

roduct with a manually-lighted burner equipped with an electric or gas-electric i
a power supply having a voltage that is 70 percent of the rated test voltage, or
f the normal\test voltage or not less than the minimum voltage below which
vented from-attempting a trial for ignition, whichever is higher.

95.19.3 Co
Section 92. [

mpliance with 95.19.2 is to be determined immediately following the Comk

(29 5-31.3

m) beneath
hed taut and
t to the outer
r cover of the

e fuel is to be
ors, the fuel-
seconds, the
OID CLOSE
following the
bnds after the
d before any
i autogenous
Ch trial.

flash outside

gniter is to be
not less than
the igniter is

ustion Tests,

uring this test:

a) The oil-temperature control for a burner intended to burn preheated oil is to be set for the

maximum temperature recommended in the manufacturer's instructions;

b) The oil supplied to any parts of the burner, except those located downstream from a preheater, is

to be at room temperature; and

c) If a burner is equipped with a preheater, the temperature at the outlet of a preheater is to be the
maximum recommended in the manufacturer's instructions for the trade of fuel being used for the

test.

95.194

Ignition is to be attempted at the voltage specified in 95.19.2. The representative product is to be

energized and allowed to remain energized for the intended trial-for-ignition period. Five trials are to be

made.
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