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UL Standard for Safety for Commercial-Industrial Gas-Fired Package Boilers, ANSI/CAN/UL 795

Ninth Edition,

Summary of

Dated February 29, 2024

Topics

This new Ninth Edition of ANSI/CAN/UL 795 dated February 29, 2024 merge requirements from
ULC/ORD-C795, Commercial-Industrial Gas-Fired Package Boilers, with UL 795, Standard for

Commercial-

Industrial Gas-Fired Heating Equipment, as a Joint Canada-US Standard.

The requirements are substantially in accordance with Proposal(s) on this subject dated December 16,

2022, May 26
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This ANSI/CAN/UL Safety Standard consists of the Ninth Edition.
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This standard has been designated as a National Standard of Canada (NSC) on
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Preface

This is the Ninth Edition of ANSI/CAN/UL 795, Standard for Commercial-Industrial Gas-Fired Package

Boilers.

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

This Standard has been developed in compliance with the requirements of ANSI and SCC for
accreditation of a Standards Development Organization.
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TC 795 Membership

Name Representing Interest Category Region
Ken Bush Office of the Maryland State Fire Marshal AHJ USA
Jeff Coleman BC Safety Authority AHJ Canada
John Elder Genesys Engineering General Interest USA
Marvin Evans CSA Group Testing & Standards Org Canada
Jay Freeman AEI Corporation General Interest USA
Craig Grider Intertek Testing Services Testing & Standards Org USA
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TC 795 Membership Continued

Name Representing Interest Category Region
Travis Hardin UL Solutions Testing & Standards Org USA
Dave Hughes Pinnacle Climate Technologies Producer USA
Thanh Huynh Miura Canada Co. Ltd Producer Canada
Jim Jagers Mestex Ltd Producer USA
Marcia Kawate UL Standards & Engagement TC Project Manager — Non- USA

voting
Raymond Labore Fireye Inc., Div of Carrier Supply Chain USA
Jeffrey Lamore Honeywell International Praducer USA
Charon McNabb National Carbon Monoxide Awareness General Interest USA
Association

Frank Myers The Myers Group, LLC Producer USA
Ted Olszewski R W Beckett Corp Supply Chain USA
Michael Savage Marion County, FL AHJ USA
Dan Wallace Preferred Utilities Mfg Corp Produeer USA
Gary Weidner GW Technical Services General Interest USA
Laura Werner UL Standards & Engagement TC Chair — Non-voting Canada

International Glassification for Standards (ICS): 27.060.20,97.100.20

For informatiop on ULSE Standards, visit https://www.shopulstandards.com, call toll free 1-888-853-3503
or email us at ClientService@shopULStandards.com.

This Standard|is intended to be used for conformity assessment.

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

CETTE NORME NATIONALE DU CANADA EST DISPONIBLE EN VERSIONS FRANGAISE ET
ANGLAISE

Copyright Underwriters Laboratories Inc.


https://www.shopulstandards.com
https://ulnorm.com/api/?name=UL 795 2024.pdf

FEBRUARY 29, 2024 ANSI/CAN/UL 795 9

INTRODUCTION
1 Scope

1.1 These requirements apply to factory-built gas-fired package boilers having input ratings of more than
400,000 Btu/h (117,228 W), per individual combustion chamber, having the following:

a) For the United States: Inlet/supply pressures up to 15 psi (103 kPa), and intended primarily for
commercial and industrial installation;

b) For Canada: Inlet/supply gas pressures >0.5 psi (3.4 kPa) up to 15 psi (103 kPa) and intended
primarily for commercial and industrial installation.

1.2 These rpquirements also apply to all high pressure steam and high temperature/water gas-fired
boiler assemblies regardless of Btu/h (kW) input or inlet/supply pressure.

1.3 Packaglboilers covered by these requirements are designed to be automatically opefated without a
competent attendant being constantly on duty at the burners while the appliances are in operation.

1.4 Package boilers covered by these requirements are intended for* connection to elgctrical supply
circuits limiteq to 600 V ac or less.

1.5 Boiler agsemblies covered by the requirements of this standard are intended for thg following fuel
gases, as apglicable to the manufacturer’s rating:

a) Natyral gas;

b) Hydrogen-natural gas blends?;
c) LP-gas;

d) LP-{5as/Air blends; and

e) Manufactured gas.
2 Up to 25 % H, gnd 75 % natural,gas-blend shall be the limit for the purposes of this standard.

1.6 Additionpl installation and operation requirements are available for commercial-indugtrial gas-fired
package boilgrs as'defined by:

a) In the-tnited-States:
1) The National Fuel Gas Code, NFPA 54; and
2) The Liquefied Petroleum Gas Code, NFPA 58, as applicable.

b) In Canada: The Natural gas and propane installation code, CSA B149.1.

1.7 These requirements also apply to furnaces and air heaters (United States only) having input ratings
of more than 400,000 Btu/h (117,228 W), per individual combustion chamber, having inlet/supply gas
pressures up to 15 psi, and intended primarily for commercial and industrial installation. Annex A shall be
used to evaluate furnaces and air heaters (United States only). All requirements of this standard apply
unless modified by this Annex.

Copyright Underwriters Laboratories Inc.
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2 Components

2.1 Except as indicated in 2.2, a component of a product covered by this standard shall comply with the
requirements for that component. See the individual sections of this Standard for component
requirements.

2.2 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.

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

2.4 Specific | components are incomplete in construction features or restricted in| performance
capabilities. Juch components are intended for use only under limited.conditions, su¢h as certain
temperatures not exceeding specified limits, and shall be used only under those specific condlitions.

3 Units of Measurement

3.1 Values slated without parentheses are the requirement:Values in parentheses are gxplanatory or
approximate information.

4 Referencdd Publications

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

4.2 The folloping publications are referenced in this Standard:
ASME Boiler gnd Pressure Vessel.Code

ASTM A29/A20M, Standard.Specification for General Requirements for Steel Bars, Carbon gnd Alloy, Hot-
Wrought

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

ASTM A653, Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated
(Galvannealed) by the Hot-Dip Process

ASTM B487, Standard Test Method for Measurement of Metal and Oxide Coating Thickness by
Microscopical Examination of Cross Section

ASTM B499, Standard Test Method for Measurement of Coating Thicknesses by the Magnetic Method:
Nonmagnetic Coatings on Magnetic Basis Metals

ASTM B504, Standard Test Method for Measurement of Thickness of Metallic Coatings by the
Coulometric Method

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

Copyright Underwriters Laboratories Inc.
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ASTM E70, Standard Test Method for pH of Aqueous Solutions With the Glass Electrode
CSA B51, Boiler, Pressure Vessel, and Pressure Piping Code

CSA B149.1, Natural gas and propane Installation Code

CSA B140.1 Series, Atomizing- and Vapourizing-type Oil Burners

CSA C22.1, Canadian Electrical Code, Part I, Safety Standard for Electrical Installations

CSA C22.2 No. 0.8, Safety Functions Incorporating Electronic Technology

CSA C22.2 Np. 0.15, Adhesive Labels

CSA C22.2 Np. 0.17, Evaluation of Properties of Polymeric Materials
CSA C22.2 Np. 4, Enclosed and Dead Front Switches

CSA C22.2 Np. 5, Molded-Case Circuit Breakers, Molded-Case Switches'and Circuit-Breaker Enclosures
CSA C22.2 Np. 13, Transformers for oil-or gas-burner ignition eqaipment
CSA C22.2 Np. 14, Industrial Control Equipment

CSA C22.2 Np. 18.1, Metallic Outlet Boxes

CSA C22.2 Np. 18.3, Conduit, Tubing, Cable Fittings

CSA C22.2 Np. 24, Temperature-indicating ,and -regulating equipment
CSA C22.2 Np. 41, Grounding and.Bonding Equipment

CSA C22.2 Np. 42, General Use"Receptacles, Attachment Plugs, and Similar Wiring Device

v)

CSA C22.2 Np. 45.1, Electrical Rigid Metal Conduit — Steel

CSA C22.2 Np. 49, Flexible Cords and Cables

CSA C22.2 No. 51, Armoured Cables

CSA C22.2 No. 56, Flexible Metal Conduit and Liquid-Tight Flexible Metal Conduit

CSA C22.2 No. 65, Wire Connectors

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

CSA C22.2 No. 66.3, Low Voltage Transformers — Part 3: Class 2 and Class 3 Transformers
CSA C22.2 No. 75, Thermoplastic-Insulated Wires and Cables

CSA C22.2 No. 77, Motors with inherent overheating protection

Copyright Underwriters Laboratories Inc.
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CSA C22.2 No. 83.1, Electrical metallic tubing that complies with the Standard for Electrical Metallic
Tubing — Steel

CSA C22.2 No. 85, Rigid PVC Boxes and Fittings
CSA C22.2 No. 111, General-Use Snap Switches
CSA C22.2 No. 153, Electrical quick-connect terminals

CSA C22.2 No. 158, Terminal Blocks

CSA C22.2 Ng190-CapasitorsforPowerFactorCorrection
CSA C22.2 Nq. 198.1, Extruded Insulating Tubing

CSA C22.2 Nq. 209, Thermal Cut-Offs

CSA C22.2 Nq. 239, Control and Instrumentation Cables
CSA C22.2 Nq. 248, Low-Voltage Fuses Series

CSA C22.2 Nq. 286, Industrial control panels and assemblies
CSA C22.2 Nqg. 4248, Fuseholders Series

CSA C22.2 Nqg. 60947-1, Low-Voltage Switchgear.and Controlgear — Part 1: General Rules

CSA C22.2 Np. 60947-5-2, Low-Voltage Switchgear and Controlgear — Part 5-2: Control Jircuit Devices
and Switching|Elements — Proximity Switches

CSA C22.2 Nq. 61058-1, Switches for Appliances — Part 1: General Requirements
CSA E60730-1, Automatic Electrical Controls — Part 1: General Requirements

CSA E60730-R-6, Automatic Electrical Controls, Part 2, Particular Requirements for Automatic Electrical
Pressure Senging Caohtrols Including Mechanical Requirements

CSA E60730-2+9,)Automatic Electrical Controls; Part 2: Particular Requirements for Tempergture Sensing
Controls

CSA E60730-2-15, Automatic electrical controls — Part 2-15: Particular requirements for automatic
electrical air flow, water flow and water level sensing controls

CSA CGA 3.4, Industrial and Commercial Gas-Fired Conversion Burners
CSA/AM ANSI Z21.12, Draft Hoods

CAN1-6.2, Draft Hood's

NFPA 54, National Fuel Gas Code

NFPA 58, Liquefied Petroleum Gas Code
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NFPA 70, National Electrical Code

NMX-J-005, General-Use Snap Switches

NMX-J-009/248, Low-Voltage Fuses Series

NMX-J-009/4248, Fuseholders Series

NMX-J-010, Thermoplastic-Insulated Wires and Cables

NMX-J-017, Conduit, Tubing, Cable Fittings

NMX-J-023/1] Metallic Outlet Boxes

NMX-J-162, Bnclosed and Dead Front Switches

NMX-J-266, Molded-Case Circuit Breakers, Molded-Case Switches and Circuit-Breaker Englosures
NMX-J-436, Rlexible Cords and Cables

NMX-J-515, fow-Voltage Switchgear and Controlgear — Part 1: Genéral Rules

NMX-J-534, Electrical Rigid Metal Conduit — Steel

NMX-J-536, Blectrical metallic tubing that complies with the Standard for Electrical Metallic Tubing — Steel

NMX-J-543, |

NMX-J-590, (

Vire Connectors

brounding and Bonding Equipment

NMX-J-726, Metal Clad Cable

UL 1, Flexible
UL 6, Electric

UL 20, Genern

Metal Conduit
bl Rigid Metal Conduit — Steel

al-Use Snap Switches

UL 62, Flexible Cords and Cables

UL 83, Thermoplastic-Insulated Wires and Cables

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

UL 98, Enclosed and Dead Front Switches

UL 224, Extruded Insulating Tubing

UL 248-1, Low-Voltage Fuses — Part 1: General Requirements

UL 295, Commercial-Industrial Gas Burners
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UL 296, Oil Burners

UL 353, Limit Controls

UL 360, Liquid-Tight Flexible Metal Conduit

UL 467, Grounding and Bonding Equipment

UL 486A-486B, Wire Connectors

UL 489, Molded-Case Circuit Breakers, Molded-Case Switches and Circuit-Breaker Enclosures

UL 498, AttacH
UL 506, Speci
UL 508, Indus

UL 508A, Indu

yment Plugs and Receptacles
bity Transformers
rial Control Equipment

strial Control Panels

UL 514A, Metallic Outlet Boxes

UL 514B, Con
UL 514C, Non
UL 726, Oil-firt
UL 746C, Pol)
UL 797, Electn
UL 810, Capa
UL 873, Temp

UL 969, Marki

Huit, Tubing, Cable Fittings

metallic Outlet Boxes, Flush-Device Boxes, and Covers
bd Boiler Assemblies

meric Materials — Use in Electrical Equipment Evaluations
ical Metallic Tubing = Steel

Citors

brature-Indicating and -Regulating Equipment

hg.and Labeling Systems

UL 1004-3, Thermally Protected Motors

UL 1059, Terminal Blocks

UL 1277, Power and Control Tray Cable

UL 1569, Metal Clad Cable

UL 1738, Venting Systems for Gas Burning Appliances

UL 1998, Software in Programmable Components

UL 2250, Instrumentation Tray Cable
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UL 4248-1, Fuseholders — Part 1: General Requirements

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

UL 5085-3, Low Voltage Transformers — Part 3: Class 2 and Class 3 Transformers
UL 60691, Thermal-Links — Requirements and Application Guide

UL 60730-1, Automatic Electrical Controls — Part 1: General Requirements

UL 60730-2-6, Automatic Electrical Controls, Part 2, Particular Requirements for Automatic Electrical

L C trals | = V) h L =) L b
Pressure Sensing-Gentrolsinchiding-Mechanical- Requirements

UL 60730-2-9, Automatic Electrical Controls; Part 2: Particular Requirements for Temperature Sensing
Controls

UL 60730-2-15, Automatic electrical controls - Part 2-15: Particular requirements for automatic electrical
air flow, watel flow and water level sensing controls

UL 60947-1, Low-Voltage Switchgear and Controlgear — Part 1: General Rules

UL 60947-5-2, Low-Voltage Switchgear and Controlgear — Part 5-2: Control Circuit Devices|and Switching
Elements — Pyoximity Switches

UL 61058-1, $witches for Appliances — Part 1: General'Requirements
ULC-S636, Type BH Gas Venting Systems

5 Glossary
5.1 For the purposes of this Standardthe following definitions apply.
5.2 APPLIANCE FLUE — The\flue passages within an appliance.

5.3 ALUMINUM COATED STEEL — An aluminum coated steel in which the bond between the steel and
the aluminum|is an ironsaluminum alloy.

5.4 BAFFLH < An'object placed in an appliance to direct the flow of air or flue gases.

5.5 BAROMETRIC DRAFT REGULATOR — A device which functions to maintain a desired draft by
automatically reducing the chimney draft to the desired value.

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

5.7 BOILER — A closed vessel in which water or some other liquid is heated or steam is generated or
superheated, under pressure or vacuum, by direct application of heat.

5.8 BURNER -

a) AUTOMATICALLY LIGHTED BURNER — One where fuel to the main burner is normally turned
on and ignited automatically;
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b) GAS BURNER - A device for the final conveyance of the gas, or a mixture of gas and air, to the
combustion zone;

¢) MANUALLY LIGHTED BURNER — One where fuel to the main burner is turned on only by hand
and ignited under supervision

d) NATURAL-DRAFT BURNER — A burner that depends principally upon the natural draft created

in the fl

ue to induce into the burner the air required for combustion.

5.9 CASING - An enclosure forming the outside of the appliance, no parts of which are likely to be

subjected to in

tense heat.

LOTIAON] A

5.10 COMBL
or heat and lig
oxygen.

5.1 COMB\
terms are defi
Appliances, N
5.12 COMBL

5.13 COMB\

flame propertiés.

5.14 COMBU
of the air, inclu

5.15 CONDH
temperature.

5.16 CONTR

equipment. It may be automatic, semi-automatic, or manual.

5.17 DAMPH
considered as
of the appliang

5.18 ELECT

VO T TUIN = Ao UDEU‘ :IUIU;II, t;lc |ap;u' u;\idatiuu Uf fUUi dbbUlllPdll;Ud by ti 1T }JIUl..II
ht. Complete combustion of a fuel is possible only in the presence of an adeg

STIBLE MATERIAL, NONCOMBUSTIBLE MATERIAL — As used)in this st
hed in the Standard Glossary of Terms Relating to Chimneys, Vents, and H
-PA 97M and/or National Building Code of Canada.

JSTION CHAMBER — The portion of an appliance withitrwhich combustion ocq

JSTION DETECTOR - That part of a primary safety control which is respons

JSTION PRODUCTS - Constituents resuliing from the combustion of a fuel w
ding the inert gasses, but excluding excess air.

NSATE — The liquid which sepafates from a gas, including flue gases, due to

OL — A device designed*to regulate the fuel, air, water, or electrical supply to

R — A valve or.plate for regulating draft or flow of the flue gases. A dampg
being located.on the downstream side of the combustion chamber, usually in 3
e or in the‘chimney or vent connector.

RICAL CIRCUITS —

uction of heat,
ate supply of

hndard, these
pat-Producing

urs.

ive directly to

th the oxygen

a reduction in

the controlled

r is generally
flue passage

Copyright Underwriters Laboratories Inc.

a) HAZARDOUS-VOLTAGE CIRCUIT — A circuit of any voltage exceeding those of an extra-low-
voltage circuit;

b) EXTRA-LOW-VOLTAGE CIRCUIT — A circuit involving a potential of not more than 30 Vac (42.4
V peak) or direct current and supplied by a primary battery or by a standard Class 2 transformer or
other suitable transforming device, or by a suitable combination of transformer and fixed
impedance having output characteristics in compliance with what is required for a Class 2
transformer. A circuit derived from a source of supply classified as circuit of voltage above Extra-
Low-Voltage, by connecting resistance in series with the supply circuit as a means of limiting the
voltage and current, is not considered to be an Extra-Low-Voltage circuit.

c) ISOLATED LIMITED SECONDARY CIRCUIT — A circuit of limited energy derived from an
isolated secondary winding of a transformer having a maximum capacity of 100 VA and open-
circuit secondary voltage rating not exceeding 1000 V.
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d) SAFETY CONTROL CIRCUIT — A circuit involving one or more safety controls.

5.19 EXCESS AIR — Air which passes through the combustion chamber and the appliance flues in
excess of that which is theoretically required for complete combustion.

5.20 FLAME FAILURE - REACTION TIME - The interval

extinguishment and de-energizing the safety shutoff means.

5.21

FLAME SAFEGUARD - See Primary Safety Control, 5.33.

between the occurrence of flame

5.22 FLUE COLLAR - That portion of an appliance designed for attachment of the chimney or vent

connector.

5.23 FLUE

5.24 GAS-H

initiate ignition of a burner.

5.25 GAS-E
to initiate ignit

5.26 GAS-P
pressure.

5.27 GASYV|

5.28 HIGH
temperature,
equipment to

5.29 HIGH
than 15 psig (|

5.30 HIGH ]
160 psig (110

5.31 HOT V
(1103 kPa) ar

5ASES — Combustion products and excess air.

LECTRIC HIGH TENSION IGNITION SYSTEM — A system incorporating an
LECTRIC HOT-WIRE IGNITION SYSTEM - A system incorporating an elect
on of a burner.

RESSURE REGULATOR — A device for controlling and maintaining a unifq

ENT — The piping and fittings for conveyingflue gases to the outside atmosphg

LIMIT CONTROL — A protective (safety) control that is responsive to change
liquid level, or flow. It is to be, set beyond the intended operating range of
imit its operation. This contrelimay be electrical or mechanical in nature.

PRESSURE STEAM BOILER — A boiler in which steam is generated at a p
103 kPa);

[EMPERATURE WATER BOILER - A boiler intended for operation at a press
B kPa) and at'a temperature exceeding or at a temperature exceeding 250 °F (

ATER\BOILER — A boiler that furnishes hot water at a pressure not excee
d ata-temperature not exceeding 250 °F (121 °C);

electric arc to

ric hot surface

rm outlet gas

re.

s in pressure,

the controlled

ressure higher

ure exceeding

121 °C);

ding 160 psig

5.32 LOW PRESSURE STEAM BOILER - A boiler in which steam is generated at a pressure not

exceeding 15

psig (103 kPa).

5.33 PRIMARY SAFETY CONTROL — An automatic control that monitors the operation of a gas-fired
burner. It normally consists of the following sections that may be integrated into a common unit or may be
separate units, interconnected by wiring:

a) PROGRAMMING UNIT — A device that programs the burner through start-up and shutdown
operations in response to signals from regulating, limiting, and monitoring devices. It also provides
the timings, as required, in proper sequence, for purging, flame establishing periods and in case of
ignition or flame failure, for safety shutdown (lockout).

b) COMBUSTION DETECTOR — A device that is responsive to flame properties. It monitors the
flame at the point of flame supervision and transmits a signal to the programming unit, indicating
absence or presence of flame.
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5.34 PROTECTIVE (SAFETY) CONTROL - Automatic controls and interlocks (including relays,
switches, and other auxiliary equipment used in conjunction with a safety control circuit) which are
intended to prevent operation of the controlled equipment under conditions not anticipated by the design.
A control intended to prevent the risk of electric shock, fire, or injury to persons during abnormal operation
of the appliance. An example would be a water temperature limit control. A protective control always
provides Type 2 action. (See 5.60).

5.35 OPERATING LIMIT CONTROL - A protective (safety) control to start fuel input according to

demand and to stop fuel input on satisfaction of demand. An operating limit control may be electrical or
mechanical in nature.

5.36 HEAT EXCHANGER - An assembly designed to transfer heat between different elements of the

boiler assemb
heat generate
the heating m¢

y, typically the combustion chamber and the heating medium. In a direct he
d in the combustion chamber is transferred directly through walls of the _heat
bdium, such as steam or water, held in close contact with the combustioh-cha

at exchanger,
exchanger to
mber walls. In

an indirect he
heating mediu

bt exchanger an intermediate medium transfers heat from the combustion chhamber to the
m.

5.37 HEATING SURFACES - All surfaces which transmit heat directly from flame or flug gases to the
medium to be heated.
5.38 HYDRQGEN-NATURAL GAS BLEND — A fuel compromised-of H, and natural gas irj a mixture no

greater than twenty-five percent H, and no less than seventy-five percent natural gas.

5.39 INTERL
to the primary

OCK - A control to prove the physical state'6f a required condition, and to furfiish that proof
safety control circuit.
5.40 LINER t} See Radiation Shield, 5.56.

5.41 LINING
during use of {

— Those interior surfaces «0fa combustion chamber which are exposed tp combustion

he boiler assembly.

5.42 LP-GAY
predominantly|
butylene.

(LIQUEFIED-PETROLEUM GAS) - Fuel gases, including commer
propane or propylene or commercial butane, predominantly butane, isob

b tial propane,

utane, and/or

543 LP-GA$/AIR BLENDS - Liquefied-petroleum gases distributed at relatively low pressures and
normal atmospherie:temperatures which have been diluted with air to produce desired heating value and
utilization charIacteristic.

5.44 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.

5.45 MANIFOLD - The conduit of a device which supplies gas to the individual burner.

546 MANUFACTURED GAS — A gas obtained by destructive distillation of coal, or by the thermal
decomposition of oil, or by the reaction of steam passing through a bed of heated coal or coke. Examples
are coal gases, coke oven gases, producer gas, blast furnace gas, blue (water) gas, carbureted water gas.

5.47 NORMAL CARE - The periodic tasks usually performed to operate and maintain an appliance,
such as air, fuel, pressure, and temperature regulation, cleaning, lubrication, and resetting of controls.
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5.48 ORIFICE - The opening in a cap, spud, or other device whereby the flow of gas is limited and
through which the gas is discharged to a burner.

5.49 PLENUM - Refer to Annex A, Furnaces and Air Heaters (United States only).

5.50 PILOT

a) CONTINUOUS PILOT — A pilot that burns throughout the entire time the burner assembily is in
service, whether the main burner is firing or not.

b) INTERMITTENT PILOT - A pilot which is automatically lighted each time there is a call for heat,
if burns during the entire period that the main burner is firing.

c) INT
The pi

d)PR

5.51 PILOT
proved pilot b

5.52 PORT
ignition.

5.53 PREPL
the combustid
replace the ai

5.54 PRESS

one particular
user.

5.55 PRIM
before it reac

5.56 RADIA
adjacent obje

5.57 SAFET

FRRUPTED PILOT — A pilot which is automatically lighted each time therge is
ot fuel is cut off automatically at the end of the main burner flame-establishirng

DVED PILOT — A pilot flame supervised by a primary safety control,

FLAME-ESTABLISHING PERIOD — The interval of time fuel is'permitted to be
bfore the primary safety control is required to detect pilot flame?

— Any opening in a burner head through which fuel(oran air-fuel mixture is
JRGE PERIOD — The period of time during the*burner start-up in which air is i

n chamber and the associated flue passages in such volume and manner as
[ or fuel-air mixture contained therein priar to initiating ignition.

BURE CUT-OUT — A pressure sensing control intended to keep a pressure b
value during abnormal operating conditions and which has no provisions for
RY AIR (COMBUSTION AIR) — The air introduced into a burner which mixe

es the ignition zone:

TION SHIELD, — A separate panel or panels interposed between heating
Cts to reddce heat transmission by radiation.

Y CONTROL — See Protective (Safety) Control, 5.34.

a call for heat.
period.

delivered to a

discharged for

ntroduced into
to completely

elow or above
setting by the

5 with the fuel

surfaces and

5.58 SAFETY SHUTDOWN — The action of shutting off all fuel and ignition energy to the boiler assembly
by means of a safety control or controls such that restart cannot be accomplished without manual reset.

5.59 SPECIAL TOOLS - Those tools that are not available on the open retail market.

5.60 TYPE 2 ACTION - Automatic action for which the manufacturing deviation and the drift of its
operating value, operating time, or operating sequence have been declared and tested to:

a) In the United States, the Standard for Automatic Electrical Controls — Part 1: General
Requirements, UL 60730-1; or

b) In Canada, the Standard for Automatic Electrical Controls — Part 1: General Requirements, CSA

E6073

5.61 VALVE

Copyright Underwriters Laboratories Inc.
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MANUAL GAS SHUTOFF VALVE — A manually operated valve in a gas line for the purpose of
completely turning on or shutting off the gas supply.

SAFETY SHUTOFF VALVE — 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.

5.62 VENT CONNECTOR - The pipe which connects a gas-fired boiler assembly to a gas vent or

chimney.

CONSTRUCTION — MECHANICAL

6 General

6.1 Moving f
enclosed or gu

6.2

a) The

arded.

arts such as fan blades, blower wheels, pulleys, belts, etc., which may cause

If the removal of doors or panels or shields will expose such moving parts:

ppening or removal of the door, panel or shield shall require the use of tools;

b) An interlocking device shall shut off the mechanism; or

c) Aws

“DANG
Openir

and

« DAN
avant d

6.3 The dista
shall be in acc
3in (76.2 mm

in the table, fhe distance from the opening to the moving part shall be not less than
ferpolation between the corresponding values in the right hand column of the table. The
pn of the‘opening is determined by the largest hemispherically tipped cylindrigal probe that
d through/the opening with a force of 5 Ibf (22.2 N).

appropriate in
minor dimensi
can be inserte

rning marking shall be displayed which reads essentially as follows:

njury shall be

ER - To Avoid Injury From Moving Parts, Shut Off The (Equipment) Before (Removing-
g) This (Cover-Door)”.

GER — Pour éviter les blessures causées par des piéces mobiles, éteignez (l'équipement)
e (retirer-ouvrir) ce (capot-porte)»

nce from an opening in‘a‘required guard or enclosure to the moving part mentioned in 6.2
prdance with Table 6i, but the minor dimension of the opening shall not in any
. For an opening having a minor dimension intermediate between two of the values included

case exceed

hat found by

Tabte 61

Maximum Distances Between Moving Parts and Openings in Enclosures

Minor dimensions of opening

Minimum distance from opening to moving part

in (mm)? in (mm)
1/4 (6.4) 1/2 (12.7)
3/8 (9.6) 1-1/2 (38.1)
1/2 (12.7) 2-1/2 (63.5)
3/4 (19) 4-1/2 (114.3)
1 (25.4) 6-1/2 (165.1)

1-1/2 (38.1)

10-1/2 (266.7)

Copyright Underwriters Laboratories Inc.
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Table 6.1 Continued

Minor dimensions of opening Minimum distance from opening to moving part
in (mm)? in (mm)
2 (50.8) 14-1/2 (368.3)
Over 2 (Over 50.8) 30 (762)
@ Openings less than 1/4 in (6.4 mm) are not to be considered for clearances to moving parts.

6.4 A moving part is not to be considered when judging compliance with 6.2 and 6.3 if the part is unlikely
to be contacted through the opening because of fixed components, including baffles.

6.5 Parts that may come in contact with the operator's hand during normal adjustment or|servicing shall
be free from gharp projections or edges and projecting screw ends.

7 Corrosion Protection

7.1 Iron ang steel parts shall be protected against corrosion by paintingj galvanizing, pjating or other
equivalent mgans when malfunctioning of such unprotected part results in a-hazardous condition.

Exception: Cast-iron parts, cast-aluminum parts, ASME Boiler and\Pressure Vessel Code and/or CSA
B51, Boiler, ptessure vessel, and pressure piping code, -stamped’coded pressure vessels ale not required
to be protected against corrosion.
7.2 Surface$ of the burner assembly and flue gas cenveying parts that contact flue gas| condensation
shall be evaluated with respect to resistance to corrosion. Among the factors to be considergd are material
thickness anq type, length of time subjected to the;condensate condition and type of corrogion protection
provided. Seq 43.3.

8 General Gomponents and Devices

8.1 Wire comnectors shall comply with UL 486A-486B/CSA C22.2 No. 65/NMX-J-543.

8.2 Thermoplastic wiring material shall comply with UL 83/CSA C22.2 No. 75/NMX-J-010.
8.3 Flexible|cords and’¢ables shall comply with UL 62/CSA C22.2 No. 49/NMX-J-436.

8.4 Fittings for conduit and/or metal clad cable shall comply with UL 514B/CSA C22.2 Ng. 18.3/NMX-J-
017.

8.5 Fuseholders shall comply with UL 4248-1/CSA C22.2 No. 4248.1/NMX-J-009/4248/1, and the
applicable Part 2 through 17 (e.g. UL 4248-9/CSA C22.2 No. 4248.9/NMX-J-009/4248/9 for Class K).

8.6 Fuses shall comply with UL 248-1/CSA C22.2 No. 248.1/NMX-J-009/248/1; and the applicable Part 2
through 10 (e.g. UL 248-5/CSA C22.2 No. 248.5/NMX-J-009/248/5 for Class G).

8.7 Circuit breakers shall comply with UL 489/CSA C22.2 No. 5/NMX-J-266.

8.8 Terminal blocks shall comply with:
a) In the United States, UL 1059; or

b) In Canada, CSA C22.2 No. 158, or CSA C22.2 No. 153.
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8.9 Electrical (junction) boxes shall comply with UL 514A/CSA C22.2 No. 18.1/NMX-J-023/1 or CSA

C22.2 No. 85,

as applicable.

8.10 Attachment-plug receptacles intended for general use as a convenience receptacle on the
equipment shall be of the grounding type, and shall comply with:

a) In the United States, UL 498; or

b) In Canada, CSA C22.2 No. 42.

CONSTRUCTION - ELECTRICAL

9 General

9.1 Fuel cor
unintended op
and resistancg
not less than
(204 °C). Suc
specified here

9.2 Electrica
during normal
so as to reduc

fining parts, or operating parts if failure of the part will allow excess les
eration, or restrict a safety device from functioning, shall be of sufficient stren
to fire. Such parts shall be made of material having a melting pointi(solidus t¢
950 °F (510 °C) and a tensile strength of not less than 10,000 psi (69 M
n parts shall not sag, distort, melt, oxidize, or show leakage. of fuel during ar
n.

equipment and wiring shall be arranged so that.oil.or water will not drip o

kage of fuel,
gth, durability,
mperature) of
Pa) at 400 °F
y of the tests

run on them

usage, or from a connection required to be uncoupled for servicing the boiler assembly, and

b the risk of contact with water from humidifiers:

9.3 Attachm
of the circuit

nt plugs or separable connectors shall not'be used in circuits when the breaking or making

such devices may result in operation-of the equipment in a manner that inv

fire, electric shock, or injury to persons.

10 Servicing and Adjustment

10.1  Service
a) Adju
b) Res
c) Adju

NOTE: A factory {

functions which may be performed with the equipment energized include:
sting the setting of temperature controls with or without marked dial settings;
btting contral trip mechanism; operating manual switches;

sting ail-flow dampers.

et and/Sealed control is not considered to be adjustable.

blves a risk of

10.2 Adjustable or resettable electrical control or manual switching devices may be located or oriented
with respect to uninsulated live parts so that manipulation of the mechanism for adjustment, resetting, or
operation can be accomplished in the normal direction of access if uninsulated live parts or moving parts

are:

a) Not |

ocated in front, in the direction of access of the mechanism; and

b) Are not located within 6 in (152 mm) on any side or behind the mechanism, unless guarded.

10.3 An electrical control component which may require examination, adjustment, servicing, or
maintenance while energized, not including voltage measurements, shall be located and mounted with
respect to other components and with respect to grounded metal parts so that it is accessible for electrical
service functions without subjecting the serviceman to the likelihood of risk of electric shock from adjacent

uninsulated liv

Copyright Underwriters Laboratories Inc.
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10.4 Components in an Extra-Low-Voltage circuit are to comply with the requirements of 10.3 in their
relation to uninsulated live parts in a Hazardous-Voltage circuit and to moving parts.

11 Electrical Enclosures

11.1 Uninsulated Hazardous-Voltage parts shall be enclosed or guarded to reduce the likelihood of
unintentional contact by persons during normal use of the equipment. This applies also to such parts
located in a compartment into which access is required for normal care of the equipment, such as resetting
controls, replacing filters, lubrication, cleaning, and the like.

11.2 Sheet metal complying with Table 11.1 and Table 11.2 whichever applies, meets the requirement for
the individual enclosure of electrical components.

Minimum Thickness of Carbon SteeITgrb ISeta1i1n.l1ess Steel Sheet Metal for Enclogures
With supporting frame or equivalent
Without supporting frame? reinforcing® Minimum thickness i11 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 (1012) Not limited 6.25 (15.9) Not limited 0.020¢ (0.51) 0J023¢ (0.58)
475 (12]1) 5.75 (14.6) 6.75 (17.1) 8.25 (21.0) (24) 24)
6.0 (15]2) Not limited 9.5 (24.1) Not limited 0.026° (0.66) 0Jo29° (0.74)
7.0 (1718) 8.75 (22.2) 10.0 (25.4) 12.5 (31.8) (22) 22)
8.0 (2014) 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)
12.5 (3118) Not limited 19.5 (49.5) Not limited 0.042 (1.07) 01045 (1.14)
14.0 (3516) 18.0 (45.7) 21:0 (53.3) 25.0 (63.5) (18) 18)
18.0 (45]7) Not limited 27.0 (68.6) Not limited 0.053 (1.34) 01056 (1.42)
20.0 (5018) 25.0 (63.5). 29.0 (73.7) 36.0 (91.4) (16) 16)
22.0 (55]9) Not limited 33.0 (83.8) Not limited 0.060 (1.53) 0]063 (1.61)
25.0 (63]5) 31.0 (78.7) 35.0 (89.0) 43.0 (109.2) (15) 15)
25.0 (63}4) 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 (83]8) Not limited 51.0 (129.5) Not limited 0.080 (2.04) 0j084 (2.13)
35.0 (89'6Y 470 {+49-4 54-6 437+ 66-6 +676) 43} {13)
42.0 (106.7) Not limited 64.0 (162.6) Not limited 0.093 (2.36) 0.097 (2.46)
47.0 (119.4) 59.0 (149.9) 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 (2.80)
60.0 (152.4) 74.0 (188.0) 84.0 (213.4) 103.0 (261.6) (11) (11)
63.0 (160.0) Not limited 97.0 (246.4) Not limited 0.123 (3.12) 0.126 0.126
73.0 (185.4) 90.0 (228.6) 103.0 (261.6) 127.0 (322.6) (10) (10) (3.20)
@ A supporting frame is a structure of angle or channel or a folded rigid section of sheet metal which is rigidly attached to and has
essentially the same outside dimensions as the enclosure surface and which has sufficient torsional rigidity to resist 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:
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Table 11.1 Continued

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)

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, e.g. with spring clips.

b The width is the smaller dimension of a rectangular sheet metal piece which is part of an enclosure. Adjacent surfaces of an
enclosure may have supports in common and be made of a single sheet.

¢ For panels whidh are not supported along one side, e.g., side panels of boxes, the length of the unsupported side phall 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 metal forfan enclosure intended for outdoor use shall comply with 60.7 and 60.8.
Table 11.2
Minimum Thickness of Sheet Metal for Enclosures Aluminum;,€opper, or Brass
With supporting frame er.equivalent
Withqut supporting frame? reinforcing® Minimium thickness
Maximum wifth® Maximum length® Maximum width® Maximum length incheg (mm)
inches cm) inches (cm) inches (cm) inches (cm) (AWG
3.0 7.6) Not limited 7.0 (#748) Not limited 0.023] (22)
3.5 8.9) 4.0 (10.2) 8.5 (21.7) 9.5 (24.1) (0.58
4.0 (10.2) Not limited 10.0 (25.4) Not limited 0.029 (20)
5.0 (12.7) 6.0 (15.2) 10:5 (26.7) 135 (34.2) (0.74
6.0 (15.2) Not limited 14.0 (35.6) Not limited 0.036 (18)
6.5 (16.5) 8.0 (20.4) 15.0 (38.1) 18.0 (45.7) (0.91
8.0 (R0.4) Not limited 19.0 (48.3) Not limited 0.045 (16)
9.5 (R4.1) 11.5 (29.2) 21.0 (53.3) 25.0 (63.5) (1.14
12.0 (B0.5) Nét limited 28.0 (71.1) Not limited 0.058 (14)
14.0 (p5.6) 16:0 (40.6) 30.0 (76.2) 37.0 (94.0) (1.47
18.0 #5.7) Not limited 42.0 (106.7) Not limited 0.075 (12)
20.0 (p0.8) 25.0 (63.4) 45.0 (114.3) 55.0 (139.7) (1.91
25.0 (p3.4) Not limited 60.0 (152.4) Not limited 0.095 (10)
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 (221.9) Not limited 0.122 (8)
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 (6)
60.0 (152.4) 74.0 (188.0) 130.0 (330.2) 160.0 (406.4) (3.89)
& A supporting frame is a structure of angle or channel or a folded rigid section of sheet metal which is rigidly attached to and has
essentially the same outside dimensions as the enclosure surface and which has sufficient torsional rigidity to resist 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),

Table 11.2 Continued on Next Page
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Table 11.2 Continued

Without supporting frame?

With supporting frame or equivalent
reinforcing®

inches

Maximum width®

Maximum length® Maximum width® Maximum length

(cm) inches (cm) inches (cm) inches (cm)

Minimum thickness

inches
(AWG)

(mm)

to the dimensio
d Sheet metal fd

2) A single sheet which is corrugated or ribbed, and

3) An enclosure surface loosely attached to a frame, e.g. with spring clips.

® The width is the smaller dimension of a rectangular sheet metal piece which 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, e.g., side panels of boxes, the length of the unsupported side shall be limited

ns specified unless the side in question is provided with a flange at least 1/2 inch (12 7 mm) wide

r an enclosure intended for outdoor use shall comply with 60.7 and 60.8.

11.3 Among
a) Med
b) Reg
c¢) Moi
d) Flar
e) Reg

f) Res
condit

1.4 Foran
thermal and ¢

a) In th

b)InC

11.5 An eng
requirements

a) In th

the factors taken into consideration when evaluating an enclosure are;
hanical strength;

istance to impact;

sture absorptive properties;

nmability;

istance to corrosion; and

istance to distortion at temperaturestto which the enclosure may be su
ons of normal or abnormal use.

onmetallic enclosure or part of an enclosure, all these factors are considered
hemical aging according tgthe requirements in:

e United States, UL 746C; or

anada, CSA C22.2/No. 0.17.

of 11.3 (a) = (f):

e United States, UL 508A; or

losure complying with the requirements of the following is considered to cq

bjected under

ith respect to

mply with the

b) In Canada, CSA C22.2 No. 286.

11.6  Where the design and location of the component and the strength and rigidity of the outer cabinet
warrant, an individual enclosure of thinner metal than specified in Table 11.1 or Table 11.2 whichever
applies, may be employed.

11.7 Electrical parts within the outer cabinet need not be individually enclosed if the assembly conforms

with all of the

following:

a) Their design and location with respect to openings in the outer cabinet will not result in the
emission of flame or molten metal through openings in the cabinet or if it can be shown that failure

of the

component would not result in a risk of fire.

b) There are no openings in the bottom of the compartment in which the part is located which would
permit dropping of molten metal, and the like, onto combustible material.
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¢) The partis not in proximity to combustible material other than electrical insulation.

d) The part is not located closer than 5 in (127 mm) to the outer cabinet unless the thickness of
sheet metal is in compliance with Table 11.1.

e) The thickness of the outer cabinet is not less than two-gage thicknesses thinner than indicated in
Table 11.1

1.1 for the maximum dimensions of the cabinet enclosure.

f) The part is not subject to unintentional contact by persons.

11.8 The requirements of 11.7 apply only to parts of Hazardous-Voltage circuits as defined by 5.18(a).

11.9 Terming

Lhousinas-of motaors towhich caonnectione-are-to-be-mada-intha fiald shall h
—ROHSHIGS-OHHOte S0 WHHEH-GORRB 6HORSaFe-t0-Po-Haae-H—He-Hee—SHdar©

> of metal and

shall be sized
a)Inth

b)InC

11.10 Steel
means.

11.11 Sheet
than 0.032 in
steel, No. 20

11.12  If thred
or if an equiva
in the metal, 3
threads for th
conduit, hub,
smooth, round
that provided
same as that g

11.13 An en
engaging with

11.14 A kno
without undue

n accordance with:
e United States, NFPA 70; or

hnada, CSA C22.1.

bnclosures shall be protected against corrosion by painting; plating, or oth

Mmetal to which a wiring system is to be connected in' the field shall have a thic}
0.813 mm) if uncoated steel, No. 20 MSG, not less than 0.034 in (0.864 mm
5SG, and not less than 0.045 in (1.14 mm) if nonferrous.

ds for the connection of conduit are tapped all the way through a hole in an ¢
lent construction is employed, there_shall be not less than three nor more tha
nd the construction of the device ‘shall be such that a conduit bushing can &
£ connection of conduit are nef.tapped all the way through a hole in an e
or the like, there shall be npot-less than 3-1/2 threads in the metal and thg
ed inlet hole for the conduetors which shall afford protection to the conductorg
by a standard conduit bushing and which shall have an internal diameter app
f the corresponding.trade size of rigid conduit.

closure threaded for support by rigid conduit shall provide at least five fy
the conduit:

Ckoutsinva sheet metal enclosure shall be secured but shall be capable of b
deformation of the enclosure.

er equivalent

ness not less
if galvanized

nclosure wall,
n five threads
e attached. If
hclosure wall,
re shall be a
equivalent to
oximately the

Il threads for

bing removed

11.15 A knockout shall be provided with a flat surrounding surface for seating of a conduit bushing and
shall be so located that installation of a bushing at any knockout likely to be used during installation will not
result in spacings between uninsulated live parts and the bushing of less than those required.

11.16 A plate or plug for an unused conduit opening or other hole in the enclosure shall have a thickness

not less than:

a) 0.014 in (0.356 mm) for steel or 0.019 in (0.483 mm) for nonferrous metal for a hole having a 1/4
in (6.4 mm) maximum dimension; and

b) 0.027 in (0.686 mm) steel or 0.032 in (0.813 mm) nonferrous metal for a hole having a 1-3/8 in
(34.9 mm) maximum dimension.
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A closure for a larger hole shall have a thickness equal to that required for the enclosure of the device or a
standard knockout seal shall be used. Such plates or plugs shall be securely mounted.

11.17 The enclosure shall reduce the risk of emission of molten metal, burning insulation, flaming
particles, or the like through openings onto combustible material, including the surface on which the
equipment is mounted.

11.18 If insulating material other than electrical insulation is provided within the enclosure, consideration
is given to the burning characteristics and combustibility of the material, and the proximity of an ignition
source.

11.19 All intended mounting positions of the enclosure are to be considered when determining if it
complies with|the requirement of 11.17.

11.20 A jungtion box which is formed in part by another part such as a fan scroll or‘a motor casing is to fit
such that:

a) An ppening between the box and motor frame having a dimension exceeding 1/2 in (12.7 mm)
does rlot permit a flat feeler gauge, 5/64 by 1/2 in (2.0 by 12.7 mm)to’enter.

b) An ppening between the box and motor frame having no dimension exceeding 1/2 in (12.7 mm)
does rlot permit the entrance of a 13/64 in (5.16 mm) diaméter rod.

11.21 The cfiteria for judging an opening in an electrical enclosure are given in the following items and
the related figures:

a) An ppening that will not permit entrance of.a\3/4 in (19.1 mm) diameter rod is acceptable if:

1) A probe, as illustrated in Figure*1.1, cannot be made to touch any uninsuiilated live part
when inserted through the opening; and

2) A probe, as illustrated\in"Figure 11.2, cannot be made to touch film- coated-wire when
inserted through the opening.

b) An ppening that will permit entrance of a 3/4 in (19.1 mm) diameter rod is acceptable under the
conditfons described in Figure 11.3.

Figure 11.1

Probe for Uninsulated Live Metal Parts

ANY CONVENIENT LENGTH

1/2 INCH DIA.

3/4 INCH DIa,___(127mm)

(19.1mm)

_ Y +
L — \&‘J
9/16 INCH(14.3mm)4——~\_ 3/16 INCH R
(4.8mm)
4 INCHES
(101.6mm)

PA130A
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Figure 11.2
Probe for Film-Coated Wire

— - ~=— ANY CONVENIENT LENGTH

3/4" (19.1mm) DIA.
1/2" (12.7mm) DIA.

Vi 4@
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Copyright Underwriters Laboratories Inc.


https://ulnorm.com/api/?name=UL 795 2024.pdf

FEBRUARY 29, 2024 ANSI/CAN/UL 795 29

Figure 11.3
Opening in Enclosure
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11.22 The opening is acceptable if, within the enclosure, there is no uninsulated live metal part or film-

coated wire:

a) Less than X in (mm) from the perimeter of the opening, as well as

b) Within the volume generated by projecting the perimeter X in (mm) normal to its plane. X equals
five times the diameter of the largest diameter rod which can be inserted through the opening, but
not less than 4 in (102 mm).

11.23 During the examination for conformance with the requirements in 11.21, parts of the enclosure,
including air filters, which may be removed without the use of tools are to be removed.

11.24 A covs
securing itin p

11.25 A hing
or swinging du
or cover, or by

11.26 The ag
normal functig
removing part

L L L L - 1 N 1L . L LL_L sl L
I'Ul aLlLCoo I.Jdl ICT Ul all CTICIUSUTT TUT Ulfrisuialcyu 1ive Pal o oSliall U< pluwucu
lace.

ed or pivoted panel or cover shall be positioned or arranged so that it-is ot su
e to gravity or normal vibration in such a manner as to cause injufy’to person
moving parts or uninsulated live parts.

sembly shall be so arranged that an overcurrent protectjve device, such as
ning requires renewal, can be replaced and manual reset devices can be
5 other than a service cover or panel, and a cover or-door enclosing the device

11.27 A required protective device shall be wholly inacgessible from outside the appl
opening a dogr or cover, except that the operating handle’,of a circuit breaker, the operating button of a
manually operable motor protector, the reset button of ‘a’manually resettable pressure switg
parts may project outside the appliance enclosure.

11.28 An opening in an enclosure to provide clearance around a dial, knob, lever, or ha
allow the entrance of a rod having a diameter of 9/64 in (3.57 mm) at any setting or positi

knob, etc.

11.29 A fuse

holder shall be so_designed, installed, or protected that adjacent uninsulate

Voltage live parts within 4 in (101:6 mm), other than the screw shell of a plug fuseholder,

clips, or wiring
fuses. An insU
less than 0.02

11.30 The dq

terminals to thé fuseholder, will not be exposed to contact by persons removin
lating barrier\ef vulcanized fiber or similar material employed for this purpos
B in (0.714.mm) in thickness.

vith means for

bject to falling
5 by the panel

h fuse, whose
reset without

ance without

h, and similar

nhdle shall not
bn of the dial,

d Hazardous-
cartridge fuse
g or replacing
e shall be not

or.or cover of an enclosure shall be hinged if it gives access to fuses or any

protective dev|

otor overload
ce,the normal functioning of which requires renewal, or if it is necessary to open the cover

in connection with the normal operation of the protective device such as resetting a manual reset overload
protective device, except as indicated in 11.31.

11.31

A hinged cover is not required for an enclosure in which the only fuses enclosed are:

a) Control circuit fuses of 2 A or less, provided the fuses and control circuit loads (other than a fixed

control

circuit load, such as pilot lamp) are within the same enclosure;

b) Extractor type fuses each with its own enclosure; or

c) Fuses in Extra-Low-Voltage circuits.

11.32 Hinged covers, where required, shall not depend solely upon screws or other similar means
requiring the use of tools to hold them closed, but shall be provided with a catch or spring latch.
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11.33 A spring latch, a magnetic latch, a dimple, or any other mechanical arrangement that will hold the
door in place and would require some effort on the user's part to open it is considered to be suitable
means for holding the door in place as required in 11.32.

11.34 A door or cover giving direct access to fuses in other than Extra-Low-Voltage circuits shall shut
closely against a 1/4 in (6.35 mm) rabbet or the equivalent, or shall have either turned flanges for the full
length of four edges or angel strips fastened to it. Flanges or angle strips shall fit closely with the outside of
the wall of the box proper and shall overlap the edges of the box not less than 1/2 in (12.7 mm). A
construction which affords equivalent protection, such as a fuse enclosure within an outer enclosure, or a
combination of flange and rabbet, is acceptable.

11.35 Stripes used to provide rabbets, or angle strips fastened to the edges of a door, shall be secured at

not less than
between thes

11.36 An ele

11.37 As an
of UL 50/CSA

12 Field Wi

12.1 As apq
connections v

12.2 Provisi
in accordance

a) In th

b)InQ

12.3 The log
be such that t

two points, not more than 1-1/2 in (38.1 mm) from each end of each strip
e end fastenings not more than 6 in (152 mm) apart.

ctron tube or similar glass enclosed device shall be protected againstmechan

alternative to compliance with 11.2 to 11.36, enclosures shall:comply with the
C22.2 No. 94.1/NMX-J-235.

ring Connections

lied in this section a wiring terminal is a terminal to which power supply or
ill be made in the field when the boiler assembly’is installed.

bn shall be made for connection of a wiring system that would be suitable for &
with:

e United States, NFPA 70; or

anada, CSA C22.1.

ation of an outlet box.or compartment in which field wiring connections are to
hese connections' may be inspected after the equipment is installed as intende

and at points

cal damage.

requirements

control circuit

power supply

be made shall
of

12.4 The cgnnections_are to be accessible without removing parts other than a service gover or panel
and the coverjof the outlet box or compartment in which the connections are made. A component intended
for such use,|may.sServe as a cover. A knockout for connection of a field wiring system tg a field wiring
compartmentshall accommodate conduit of the trade size determined by applying Table 12.11.
Table 12.1
Trade size of conduit in inches (mm)
Number of wires
Wire size 2 3 4 5 6
AWG (mm?)

14 .1) 1/2 (12.7) 1/2 (12.7) 1/2 (12.7) 1/2 (12.7) 112 (12.7)

12 (3.3) 112 (12.7) 12 (12.7) 1/2 (12.7) 3/4 3/4

10 (5.3) 112 (12.7) 112 (12.7) 1/2 (12.7) 3/4 3/4

8 (8.4) 3/4 (19) 3/4 1(25.4) 1(25.4) 1-1/4 (31.8)
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Table 12.1 Continued

Number of wires
Wire size 2 3 4 5 6
6 (13.3) 3/4 1(25.4) 1(25.4) 1-1/4 (31.8) 1-1/4 (31.8)
4 (21.2) 1(25.4) 1(25.4) 1-1/4 (31.8) 1-1/4 (31.8) 1-1/2 (38.1)
3 (26.7) 1(25.4) 1-1/4 (31.8) 1-1/4 (31.8) 1-1/2 (38.1) 1-1/2 (38.1)
2 (33.6) 1(25.4) 1-1/4 (31.8) 1-1/4 (31.8) 1-1/2 (38.1) 2(50.8)
1 (42.4) 1-1/4 (31.8) 1-1/4 (31.8) 1-1/2 (38.1) 2 (50.8) 2(50.8)
0 (53.5) 1-1/4 (31.8) 1-1/2 (38.1) 2(50.8) 2(50.8) 2-1/2 (63.5)
2/0 6727y =172(3871) =172(3871) 275078) 27(5078) 2-1/2 (63.5)
3/0 (85.0) 1-1/2 (38.1) 2(50.8) 2(50.8) 2-1/2 2-1/2 (63.5)
4/0 (107.2) 2(50.8) 2(50.8) 2-1/2 (63.5) 2-1/2 (63.5) 3(76.2)
MCM
250 (127) 2 (50.8) 2-1/2 (63.5) 2-1/2 (63.5) 8(76.2) 3(76.2)
300 (152) 2(50.8) 2-1/2 (63.5) 3(76.2) 3(76.2) 3-1/2 (88.9)
350 (177) 2-1/2 (63.5) 2-1/2 (63.5) 3(76.2) 3-1/2 (88.9) 3-1/2 (88.9)
400 (203) 2-1/2 (63.5) 3(76.2) 3/762) 3-1/2 (88.9) 4(101.6)
500 (253) 3(76.2) 3(76.2) 321/2 (88.9) 4 (101.6) 4(101.6)
NOTE — This talle is based on the assumption that all conductors will be of the'same size and there will be no morg than 6
conductors in th¢ conduit. If more than 6 conductors will be involved or if.all'of them are not of the same size, the infernal cross-
sectional area of| the smallest conduit that may be used is determined by-multiplying by 2.5 the total cross-sectiona| areas of the
wires, based on fhe cross-sectional area of Type THW wire.

12.5 The wirn
control box, g
specified in 12
for splice conn
of the conduit

a)lInth

b)InC

Exception No.
more than 6 ft

ng of the equipment may terminate'in a length of flexible metal conduit with
r equivalent enclosure intendéd’ for connection of the equipment to the

.2. If the conduit terminates injan outlet box larger than 4 by 4 by 2 in (102 by 1
ection, locknuts on the fittings are not acceptable as a means to reduce the ris
ittings. A grounding conductor of the size specified in the following shall be inc

e United States, NFPA 70; or

hnada, CSA.C22.1,

1: Theétetal length of flexible metal conduit of any ground return path in the eq
(1.83m).

an outlet box,
viring system
02 by 51 mm)
k of loosening
uded:

uipment is not

Exception No. 2: No circuit conductor protected by an overcurrent-protective device rated at more than 20

A isincluded.

Exception No. 3: The conduit is no larger than 3/4-in (19.1 mm) trade size, or the fittings for the conduit are
identified as providing grounding.

12.6 The size of a junction box in which field installed conductors are to be connected by splicing shall be
not less than that indicated in Table 12.2. A conductor passing through the box is counted as one
conductor, and each conductor terminating in the box is also counted as one conductor.
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Table 12.2
Size of Junction Boxes
Size of conductor Free space within box for each conductor
AWG in® (cmd)
14 or smaller 1.5 (24.6)
12 1.75(28.7)
10 2.25(36.9)
8 2.75 (45.1)
6 4.5(73.7)

12.7 The limitations in 12.6 do not apply to terminal housings supplied with motors,nor to boxes or
enclosures which contain terminals for electrical connections.

12.8 Wiring terminals or leads not less than 6 in (152 mm) long for connection-of field wiring conductors
corresponding to the marked rating of the assembly shall be provided and be“of at least the size required
by:

a) In the United States, NFPA 70; or

b) In Janada, CSA C22.1,

12.9 Leads may be less than 6 in (152 mm) in length if the)use of a longer lead may regult in a risk of
electric shock

12.10 Leadg intended for connection to an externalicircuit shall be provided with strain relief if stress on
the lead may:

a) Be fransmitted to terminals, splices, ‘or internal wiring;

b) Cayse the lead to separate ffom'its terminal; or

c) Result in damage to the.lead from sharp edges.
12.11 Leadq shall be testedin accordance with the Strain Relief Test in Section 58.
12.12 An ide¢ntified,(grounded, terminal or lead shall not be electrically connected to a single-pole manual

switching deyice which has an off position or to a single-pole overcurrent, not inherent overheating,
protective device.

12.13 At terminals, stranded conductors shall be prevented from contacting other uninsulated live parts,
which may not always be of the same polarity, and from contacting dead metal parts. This may be
accomplished by use of pressure terminal connectors, soldering lugs, crimped eyelets, soldering all
strands of the wire together, or equivalent means. Open slot-type connectors shall not be used unless they
are designed to prevent disconnection resulting from loosening of the clamping means. The shanks of
terminal connectors shall be protected by insulating tubing, or the equivalent, if the required spacings may
be reduced as a result of loosening of the clamping means, the thickness of the insulation on the shanks
shall be not less than 0.028 in (0.711 mm).

12.14 Leads provided for spliced connections to an external Hazardous-Voltage circuit shall not be
connected to wire binding screws or pressure terminal connectors located in the same compartment as
the splice or visible to the installer, unless the screws or connectors are rendered unusable for field wiring
connections or the leads are insulated at the unconnected ends.
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12.15 Terminal parts by which field-wiring connections are made shall consist of soldering lugs or
pressure terminal connectors secured in place in accordance with the requirements in 12.20, except that
for 10 AWG (5.3 mm?) and smaller wires, the parts to which wiring connections are made may consist of
clamps or wire binding screws with cupped washers, terminal plates having upturned lugs, or the
equivalent, to hold the wire in position.

12.16 A wire binding screw at a Hazardous-Voltage wiring terminal for field connection shall be not
smaller than No. 10 (4.8 mmmajor diameter).

Exception No. 1: A No. 8 (4.2 mm major diameter) screw may be used for the connection of a conductor
not larger than 14 AWG (2.1 mm?).

2: A No. 6 (3.5 mm major diameter) screw may be used for the connection|of a 16 or 18

82 mm?) control-circuit conductor.

Exception No.
AWG (1.3 0r (

12.17 A terminal plate for a wire binding screw shall be of metal not less thap,0)030 in

thickness for 4 14 AWG (2.1 mm?) or smaller wire, and not less than 0.050 in (127 mm) in t
wire larger thgn 14 AWG (2.1 mm?); and in either case there shall be not less than two full
metal.

0.762 mm) in
hickness for a
threads in the

12.18 A ter ave the metal

extruded at th

inal plate formed from stock having the minimum required thickness may h
tapped hole for the binding screw so as to provide iwo full threads.

12.19 Awire

12.20 Field {
between surfa
result in redud

rivets; by square shoulders or mortices; by a*dowel pin, lug, or offset; by a connecting stra

into an adjace

12.21 Cond(
continuous wh
marking of wh
colors other {
identified by a
other terminal

12.22 A box

binding screw shall thread only into metal.

viring terminals shall be secured to theit\supporting surfaces by methods othe
ces so that they will be restrained:ftom turning or shifting in position if suc
tion of spacings to less than those“required. This may be accomplished by {

nt part; or by some other equivalent method.

ctors intended for connection to a grounded neutral line shall be identified, i.e
ite or gray covering, three continuous white stripes on other than green in
te or gray color-at_the termination. All other current-carrying conductors shall
nan white, gray;”or green. A terminal for connection of a grounded condy
metallic plated coating, substantially white in color, and shall be readily disting

or enclosure included as part of the assembly and in which a branch circuit su

r than friction
N motion may
WO screws or
p or clip fitted

, finished in a
sulation, or a
be finished in
ctor shall be
uishable from

5, or it shallkbe identified in some other manner, such as on an attached wiring dliagram.

bplying power

caonnact L ot roacu e

are of the boiler

to the boiler a

assembly This requirement does not apply to separate limit controls and stack switches, where permitted,
to which metal-clad cable or flexible metallic conduit is to be directly attached.
13 Internal Wiring

13.1  The wiring of Hazardous-Voltage and safety control circuits shall conform to the requirements in this
Section.

13.2 Wiring shall be accomplished with insulated conductors having current-carrying capacity, voltage,
and temperature ratings consistent with their use. A conductor, other than an integral part of a component,
shall be not smaller than 18 AWG (0.82 mm?).
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13.3 If insulated conductors rated for use at temperatures in excess of 140 °F (60 °C) are required, such
wiring shall be furnished by the manufacturer as part of the assembly and the devices to be connected by
such wiring shall be factory located on the equipment.

13.4 Electrical wiring to a part which must be moved for normal maintenance and servicing shall be
arranged so that the part may be moved without breaking soldered connections or disconnecting conduit.
Conductors to be disconnected from terminals of such part shall terminate in eyelets or connectors. If the
wiring to a part which functions also as an access plate or cover, i.e., a transformer closing the access to
the nozzle assembly, is not readily detachable, the assembly shall include provision for support of that part
by means other than the wiring when the part is moved for servicing. Any allowable movement of such part
shall not unduly twist, bend, or pull the wiring.

13.5 Exceptlas permitted by 13.17 and 13.18 conductors shall be:

a) Endosed within conduit that complies with:
1) In the United States, UL 1 or UL 360; or
2) In Canada, CSA C22.2 No. 56; or
3) UL 6/CSA C22.2 No. 45.1/NMX-J-534, as applicable;
b) Endosed within Electrical metallic tubing that complies-with:
1) UL 797/CSA C22.2 No. 83.1/NMX-J-536; ar
2) UL 224/CSA C22.2 No. 198.1; or
3) enclosed within a metal raceway electrical enclosure;
c) Within a metal-clad cable that complies with:
1) In the United States, UL4569/NMX-J-726; or
2) In Canada, CSA C22.2 No. 51; or
d) Exposed Run Tray €able, Type TC-ER, that complies with:
1) In the United States, UL 1277; or

2) In €Canada, CSA C22.2 No. 239, or

3) For applications not exceeding 150 V and/or 5 A, Exposed Run Instrumentation Tray
Cable, Type ITC-ER, that complies with the requirements of:

i) In the United States, UL 2250; or
ii) In Canada, CSA C22.2 No. 239.
e) The cable utilized shall:
1) Comply with the crush and impact requirements of:
i) In the United States, UL 1569/NMX-J-726; or
ii) In Canada, CSA C22.2 No. 51;

2) Be secured and supported at intervals not exceeding 6 ft (1.8 m); and
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3) Have voltage and temperature ratings suitable for the intended application.

13.6 Table 13.1 includes some wiring materials conforming to the requirements for enclosed conductors:
a) In the United States, Groups A and B; or

b) In Canada, Group B only.

Table 13.1
Typical Wiring Materials
Wire-size————1—Insulation thickness
Group Type of wire, cord, or cable®? AWG (mm?) in (mm)
10to 22 (5.3t00.41) 2/64. (0.8)
8 (8.4) 3/64 (1.2)
6 (13.3) 4/64 (1.6)
Therr?opla.stic. or thermosgt appliance wiring 4 21.2) 4/64 (1.6)
matetfial, with insulation thicknesses shown at the
right ¢gorresponding to wire sizes indicated; or 3 (26+7) 4/64 (1.6)
Type [TW; or Type® AC, ACT, FFH-2, TF, TFF,
A TFEN,[TFFN, SF-2, SFF-2, RH, RHH, RHW, THW, 2 (33.6) 4/64 (1.6)
XHH,|XHHW, MTW, THHN, THW-MTW, THWN, 1 (42.4) 5/64 (2.0)
PF, PIGF, PFF, PGFF; or Type® GTF, TW75, TEW,
TR-3, R90, RW90, T90, SEW-1, SEW-2 1/0 (54.0) 5/64 (2.0)
2/0 (67.0) 5/64 (2.0)
3/0 (85.0) 5/64 (2.0)
4/0 (107.2) 5/64 (2.0)
18 (0.82) 4/64 (1.6)
16 (1.3) 4/64 (1.6)
) . . . . 14 (2.1) 5/64 (2.0)
Applidnce wiring material having thermeplastic or
thermoset insulation, with insulation ‘thicknesses 12 (3.3) 5/64 (2.0)
showhp at right corresponding toithe wire sizes
B indicdted: or Type S, SJO, SJOQ, SJT, SJTO, 10 (53) 5/64 (2.0)
SJTQO, SO, SO0, SPT-3,'ST) STO, STOO; or 8 (8.4) 6/64 (2.4)
Typeq SE, SJE, or Type*NMD90, NMWU
P R 6 (13.3) 8/64 3.2)
4 (21.2) 9/64 (3.6)
2 (33.6) 10/64 (4.0)
Appliance wiring material with cross-linked
C synthptie_polymer insulation; or Type S, SJ; or Same as for Group B
Type® SP-3
@ The designated cord or cable, or types of wire other than appliance wiring material, may be used without regard to the values
specified in the Table.
b Type CL wire may be used within a separate metal enclosure as leads of components
¢ Wire types included only in CSA C22.1.
4 Wire types included only in NFPA 70.

13.7 Flexible metal conduit, if used, shall be not smaller than 3/8 in (9.6 mm) electrical trade size. This
does not apply to parts of components, such as conduit protecting flame sensor leads, within the Scopes
of other Standards.

13.8 Flexible metal conduit, if used, shall be mechanically secured at intervals not exceeding 4-1/2 ft
(1.37 m) and within 12 in (30.5 cm) on each side of every junction box except for lengths not over 36 in (91
cm) where flexibility is necessary.
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13.9 All splices and connections shall be mechanically secure and bonded electrically. A soldered
connection shall be made mechanically secure before being soldered if loosening of the connection may
result in any hazardous condition.

13.10 A splice shall be provided with insulation equivalent to that required for the wires involved if
permanence of spacing between the splice and other metal parts is not ensured.

13.11 Splicing devices, such as fixture type splicing connectors, pressure wire connectors, and the like,
may be employed if they have insulation suitable for the voltage to which they are subjected. In
determining if splice insulation consisting of coated fabric, thermoplastic, or other type of tubing is
acceptable, consideration is to be given to such factors as its dielectric properties, heat resistant and
moisture resistant characteristics, and the like. Thermoplastic tape wrapped over a sharp edge does not
meet the intent of the requirement.

13.12 A spli
which Hazard

13.13 Splice
damage, flexi

13.14 Atall
abrasion. If m
conductors ar
its equivalent

13.15 The d
a rigid mecha
and sharp cor

13.16  All wi

Ce is to be enclosed by being installed in a junction box, control box, or'other ¢
pus-Voltage wiring materials, may be employed.

s shall be located, enclosed, and supported so that they are  not subject
Ng, motion, or vibration.

points where conduit or metal-clad cable terminates-thie conductors shall be

etal-clad cable is used, an insulating bushing or its.equivalent shall be provide
d the cable and the connector or clamp shall beof such design that the insula
will be visible for inspection.

esign of a wireway shall be such that the interconnection of sections and fittin
hical assembly and electrical conductivity. The interior of the wireway shall be
ners or edges which might cause damage to the insulation on wires.

Fing shall be supported and fouted to reduce the risk of damage due to s

pmpartment in

to mechanical

brotected from
d between the
ing bushing or

gs will provide
ree from burrs

harp edges or

moving parts.

d to the same
8O, STor STO

13.17 Internjal wiring involving a-potential of not more than 300 V between parts attache
assembly with a predetermined.fixed relationship one to the other may be done with Type §
cord, or equivplent, provided all of the following conditions are fulfilled:

a) It is|not practical to do the wiring in accordance with 13.5.

=1

b) The bermit normal

mainte

cord is not required to be bent, twisted, or otherwise displaced to
nance and service.

c) The length of cord exterior to the assembly is not more than 4 in (102 mm) and strain relief is
provided.

13.18 Cords or wiring material as referenced in 13.6 may be employed if the wiring is enclosed by a
casing conforming to all of the following:

a) There are no openings in the bottom, unless a U-shaped channel or trough is located under the
wiring and the wires do not project through the plane of the top of the trough or channel.

b) If the boiler assembly is for installation only on noncombustible flooring, the bottom of such
compartment may be open provided all sides of the compartment extend to the floor level.
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c) Louvers or openings in other than the bottom will not permit entrance of a rod having a diameter
of 1/2 in (12.7 mm), and openings for such items as pipe or conduit are not more than 1/2 in (12.7
mm) in diameter larger than the object that will be installed through the opening.

d) Openings are not closer than 6 in (152 mm) to the wiring unless metallic barriers or baffles are
placed between the wiring and the openings.

e) Where combustible material other than electrical insulation is located within the compartment the
wiring is separated from such material and the material has self-extinguishing characteristics. An

air filter may be employed within the enclosure.

13.19 With reference to 13.18(e), polymeric materials shall be classified as Type V-0, V-1, V-2, 5V, HF-1,

or HF-2 in acc

ordance-with reauiraments in-
Fera R ee- W qtHe e Rts1h-

a)Inth

b)InC

13.20 In app|
air duct may b

13.21 Holes
bear shall be
which the wirg
ceramic, phen

13.22 A fibe
not be expose
than 194 °F (9

13.23 Condd

overcurrent protected, wired for conngction to one supply line shall withstand the conditig

circuit test with

13.24 Cond(
short-circuit pe

a) Cor
condud

e United States, UL 94; or

hnada, CSA C22.2 No. 0.17.

ying the requirement of 13.18, an opening which is always intended to be co
b considered as closed.

provided with smoothly rounded bushings or shall have smooth, rounded s
s or cords may bear, to prevent abrasion of thetinsulation. Bushings, if requ
blic, cold-molded composition, fiber, or equivalent material.

bushing shall be not less than 3/64 in (1.2 mm) in thickness, shall be so loca
d to moisture, and shall not be emplayed where it will be subjected to a temp
D °C) under normal operating conditions.

ctors of motor circuits havingtwo or more motors, one or more of which ¢

out creating a risk of fire or electric shock. See Short-Circuit Test.

ctors that conform_to the following are considered to meet the intent of the req
rformance inymotor circuits having two or more motors, without test:

ductors~that have not less than one-third the ampacity of the required
tors;

b) Con

nnected to an

in walls or partitions through which insulated wires,or'cords pass and on which they may

urfaces upon
ired, shall be

ted that it will
erature higher

re thermal or
ns of a short

uirements for

branch-circuit

ductors that are 18 AWG (0.82 mm?) or larger and not more than 4 ft (1.2

m) in length

provided that the circuit will be protected by a fuse or HACR Type circuit breaker rated 60 A or less
as specified on the product nameplate or provided as part of the product and acceptable for
branch-circuit protection. This applies to any of the wiring materials specified in this standard,
including those enclosed in raceways; or

¢) Conductors that serve as jumper leads between controls providing the length of the leads does
not exceed 3 in (76 mm) or the conductors are located in a control panel.

14 Separation of Circuits

14.1

Unless provided with insulation rated for the highest voltage involved, insulated conductors of

different internal wiring circuits shall be separated by barriers or shall be segregated; and shall, in any
case, be so separated or segregated from uninsulated live parts connected to different circuits or opposite
polarity parts of the same circuit.
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14.2 Segregation of insulated conductors as required above may be accomplished by clamping, routing,
or equivalent means which promotes permanent separation from insulated or uninsulated live parts of a
different circuit.

14.3 Field-installed conductors of any circuit shall be segregated or separated by barriers from:

a) Field-installed and factory-installed conductors connected to any other circuit, unless the
conductors of both circuits are insulated for the maximum voltage of either circuit;

b) Uninsulated live parts connected to any other circuit, other than wiring terminals; and

c) Any uninsulated live parts of electrical components whose short-circuiting may result in

operat

on of the boiler assembly in a manner that involves a risk of fire, electric sh

k, or injury to

persor

14.4 Segred
live parts con
the enclosure
that there is n

14.5 Ifthen
and if each

determining @
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14.6 If more]
points other
insulated cor
investigated.

14.7 To dete
as it would b
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held in place.
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s, except at wiring terminals.

ation of field installed conductors from other field installed conductors and fro
hected to different circuits may be accomplished by arranging the location of t

Db likelihood of the intermingling of the conductors or parts of different circuits.

Limber of openings in the enclosure does not exceed the minimum required for
bpening is located opposite a set of terminals, itdsyto be assumed, for t
ompliance with the requirements for segregation“by barriers, that the condy
will be connected to the terminals opposite the epening.

than the minimum number of openings are provided, the possibility of conduct
han opposite the terminals to which ithey are intended to be connected 4
ductors or uninsulated current-carfying parts connected to a different ci

rmine if a device complies with the requirements for segregation by barriers, i

losure, and no more than average care is to be exercised in stowing this slack

rrier is used\ {0” provide separation between the wiring of different circui
s and field)installed conductors, it shall be of metal or of suitable insulating n

I barrier shall have a thickness at least as great as that required by Table 11.1

m uninsulated
he openings in

for the various conductors, with respect to the terminals or other uninsulated live parts, so

proper wiring,
ne purpose of
ctors entering

ors entering at
nd contacting
rcuit is to be

is to be wired

b in service and in doing $o a reasonable amount of slack is to be left in each conductor,

into the wiring

s or between
aterial and be

| based on the

size of the b

rmier. A barrier of insutating mmateriatstatt-be ot tesstham 0-028 (07t

1) in thickness

and shall be of greater thickness if its deformation may be readily accomplished so as to defeat its
purpose. Any clearance at the edges of a barrier shall be not more than 1/16 in (1.6 mm) wide.

14.10 Openings in a barrier for the passage of conductors shall be not larger than 1/4 in (6.3 mm) in
diameter and shall not exceed in number, on the basis of one opening per conductor, the number of wires
which will need to pass through the barrier. The closure for any other opening shall present a smooth
surface wherever an insulated wire may be in contact with it; and the area of any such opening, with the
closure removed, shall not be larger than required for the passage of the necessary wires.

15 Mounting of Components

15.1 A switch, fuseholder, lampholder, or similar electrical component shall be mounted to restrain it from
turning.
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15.2 The requirement that a switch be restrained from turning may be waived if all of the following

conditions are

met:

a) The switch is to be 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 to be reduced below the required values if the switch rotates; and

d) The normal operation of the switch is to be by mechanical means rather than by direct contact by
persons.

15.3 A lamp
light in which
cannot reduce]

15.4 The me]
which provide
small stem mo

15.5 Uninsul
restrained fron
acceptable va

holder of the type in which the lamp cannot be replaced, such as a neoh|pil
he lamp is sealed in a nonremovable jewel, need not be restrained from’ tury
spacings below the required values.

ans for restraining turning is to consist of more than friction between surfaces:
5 both spring take-up and an interference lock, is acceptahle as the means fo
unted switch or other device having a single-hole mountingmeans from turnin

ated live parts shall be so secured to the basé/or mounting surface tha
h turning or shifting in position if such motion may.result in a reduction of spaci
ues.

16 Motors and Motor Overcurrent or Overload Protection

bt or indicator
ing if rotation

A lock washer
r restraining a
.

they will be
ngs below the

16.1
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All mot
or combinatiors of these as follows:

rs shall be protected by an integral thermal protector or by overcurrent protective devices,

nore than the
e percentage
e value of an
However, the
e percentage

a) A sg¢parate device responsive.to motor current and rated to set to trip at not n
percentage of the motor nameplate full-load current rating specified in Table 16.1. If th
protectjon specified in Column A of Table 16.1 does not correspond to the percentag
overlodd relay of a standard size, the device of the next higher size may be used.
overlodd device of the_next higher size shall protect against currents exceeding th
values jspecified insColumn B of Table 16.1.

b) A separate.averload device which combines the functions of overload and overcurrent protection
and is responsive to motor current rated or set at values not greater than the percentages of the
motor pameplate full-load current rating as specified Table 16.1. Such a device shall be capable of
fully protecting the circuit and motor both under overload and short circuit conditions. If the marked
service factor of a motor is less than 1.15, or if the service factor or service factor current is not
marked on the motor, the rating or setting of separate overload devices, if used, shall not exceed
115 % of the full load current of the motor.

c) A protective device integral with the motor that complies with UL 2111, or UL 1004-1 (and CSA
C22.2 No. 77) and UL 1004-3 (and CSA C22.2 No. 77). An impedance-protected motor shall
comply with UL 1004-1 and UL 1004-2. An electronically protected motor shall comply with UL
1004-1 and UL 1004-7 (and CSA C22.2 No. 77).
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Table 16.1
Protective Device Activation Level
Maximum percent of full-load current rating protection
A B
Motor with marked service factor no less than 1.15 125 140
Motor with a marked temperature rise no more than 72 °F (40 °C) 125 140
Any other motor 115 130

16.2 Separate overcurrent devices, except when included as part of a magnetic motor controller(s), are
to be assembled as part of the equipment, and be readily identifiable as such after assembly to the

equipment. §
interruption m
or injury to pe
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bf thermal protectors and overcurrent units,*or another method of protecti
ctive arrangement has been investigated-and found to provide protection

such as direct drive fan motors, which are not normally subjected to overlog
d to be adequately protected against overheating due to locked rotor current t
rotective device may be accepted under this requirement; provided it is deter|
overheat under actual conditions of use.

shall not be used«as. motor overload protective devices unless the motor

shall not,exceed the temperature rises indicated in Table 48.1 when testeq

r.shall be designed for continuous duty as indicated by the designation CO
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electric shock,
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NTINUOUS or

CONTon the
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amenlate
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In no case shall interruption of the circuit to a motor by the overcurrent or overtemperature

protective device result in operation of the equipment in a manner that involves a risk of fire, electric shock,

or injury to pe

rsons or discharge of fuel that may result in a risk of fire or injury to persons.

16.10 Automatic reset type protective devices shall not be used if the automatic reclosing of the circuit to

the motor by t

16.11
motor, to ente

he device may result in improper operation of the equipment.

r the motor as applied to the assembly.

A motor shall have no openings permitting a drop of liquid, or a particle falling vertically onto the

16.12 Conformance to the requirements to prevent entry of a falling drop of liquid, or a particle, may be
provided by the motor frame or by other enclosure, structure, or shield, or by a combination of two or more
such items, and is to be determined with the motor applied to the assembly.
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16.13 Motors having openings in the enclosure or frame shall be installed or shielded to reduce the risk

of particles fall

ing out of the motor on to combustible material within or under the motor.

16.14 The requirement in 16.13 will necessitate the use of a barrier of noncombustible material under an

open type mot

or unless:

a) The structural parts of the motor or the burner such as the bottom closure, provide the equivalent
of such a barrier; or

b) The motor overload protection device provided with a single-phase motor is such that no burning
insulation or molten material falls to the surface that supports the device when the motor is
energized under each of the following fault conditions, as applicable to the particular type of motor:

c) The
temper
becom
without
of the nj

16.15 The barrier mentioned in 16.14 shall be horizental, shall be located as indicated in Fi

shall have an

may be employed in the barrier, provided that such openings would not permit molten n

insulation, or t

1) Open-circuited main winding;

2) Open-circuited starting winding;

3) Starting switch short-circuited; and

4) Capacitor short-circuited, permanent split capacitor type; or

motor is provided with a thermal motor protector, i.e., a protective device that
ature and current, that will reduce the risk of the temperature of the motor

causing the protector to cycle and from becoming more than 302 °F (150 °C
notor locked.

brea not less than that described in:that illustration. Openings for drainage, vg

he like to fall on combustible material.

is sensitive to
vindings from

ng more than 257 °F(125 °C) under the maximum load under which the motor will run

with the rotor

gure 16.1 and
ntilation, etc.,

hetal, burning
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Figure 16.1

Location and Extent of Barrier

[
5° i
|

[ N \\\\

EBT120A

A — Regions 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 horizontal plane.

C — Inclined line that traces out minimum area of barrier. This line is always (1) tangent to the component, (2) 5° from the vertical, and
(3) so oriented that the area traced out on a horizontal plane is maximum.

D — Location (horizontal) and minimum area for barrier. The area is that included inside the line of intersection traced by the inclined
line C and the horizontal plane of the barrier.
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17 Overcurrent Protection of Hazardous-Voltage Control-Circuit Conductors

171 General

17.1.1 For the purpose of these requirements, a control circuit is one that carries electric signals to
operate a controller that, in turn, governs power delivered to a motor or other load in the equipment. A
control circuit does not carry main-power current. If a control circuit is supplied through a transformer
provided as part of the equipment, see Overcurrent Protection of Transformers, Section 18, for additional
requirements.

17.1.2 For the purpose of these requirements, a direct-connected Hazardous-Voltage control circuit is
one that is supplied from a branch circuit separate from a branch circuit that supplies other loads within the

equipment. It i
or circuits with

17.2 Tapped

17.2.1 For th
is tapped with
Such a circuit

17.2.2 A cor
equipment en

a)Inth

b)InC

17.2.3 Cond
The rating of t
in Table 17.1.

Exception No.
long between
60 A or less.

Exception No
withstand sho

s not tapped from the load side of the overcurrent device or devices of the o
n the equipment. See 66.10.

hazardous-voltage control circuits

e purpose of these requirements, a tapped Hazardous-Voltage control circuit i
n the product from the load side of the overcurrent device or devices for the ¢
shall be protected in accordance with 17.2.3 and 17.3.

trol circuit that is tapped from the main power‘egircuit at a point outside
losure that is rated Hazardous-Voltage:

e United States, shall be protected as specified Column A of Table 430-72(b) o

hnada, shall be protected as specified-inTables 1 through 4 of CSA C22.1.

ictors of Hazardous-Voltage control circuits shall be provided with overcurre
ne overcurrent-protective device or devices shall not exceed the applicable va

1: A 18, 16, or 14 AWG (0.82, 1.3, or 2.1 mmz) conductor that is not more th
boints of opposite polarity may be protected by a fuse or an HACR Type circuit]

2: An,overcurrent-protective device of a higher rating may be used if th
t-circuiting when tested as specified in 50.9.

Exception No.
protection.

htrolled circuit

5 a circuit that

bntrolled load.

bf the control

f NFPA 70; or

nt protection.
ues specified

an 4 ft (1.2 m)
breaker rated

e conductors

M lead that i ! > in (305 ! .y ded wi

‘h overcurrent

Exception No. 4: A control-circuit conductor, supplied from the secondary of a single-phase transformer
that is connected so that only a 2-wire (single voltage) secondary is used, may be protected by an
overcurrent device located in the primary side of the transformer if:

a) This protection is in accordance with requirements specified in Overcurrent Protection of
Transformers, Section 18; and

b) The rating of the device does not exceed the applicable value specified in Table 17.1 multiplied
by the ratio of secondary-to-primary rated transformer voltage.
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Table 17.1

Overcurrent Protective Device Rating for Control Circuit Conductors

Tapped control-

Maximum rating of overcurrent protective device, amperes

Conductors contained in control equipment

Conductors extending beyond control
equipment enclosure

circuit conductor size enclosure

AWG (mm?) Copper Aluminum? Copper Aluminum?
18 (0.82) 25 - 7 -
16 (1.3) 40 - 10 -
14 (2.1) 100 - 45 -
12(3.3) 120 100 60 45
10 (5.3 160 140 90 75

Larger than b b [« [

2 Includes coppgr-clad aluminum.

® 400 % of valug specified for 140 °F (60 °C) conductors in:

a) In the United States, Table 310-17 of NFPA 70; or
b) In Canadg, CSA C22.1.
©300 % of valug specified for 140 °F (60 °C) conductors in:
a) In the United States, Table 310-16 of NFPA 70; or
b) In Canadg, CSA C22.1.

17.3 Overcuirrent-protective devices

17.31

Overfurrent protection for a conductor;of’a Hazardous-Voltage control-circuit, gs required by

17.2.3, shall be provided as part of the equipment. If a fuse is used, the equipment shall be marked in

accordance with 66.8.

Exception: THe overcurrent device, oridevices, need not be provided as part of the equipment if, based on
the marked fating of the equipment, the rating of the branch-circuit overcurrent-protectlive device, or
devices, doeq not exceed the valiies specified in Table 17.1.

17.3.2 A control-circuit overcurrent-protective device shall:

a) Be provided for all ungrounded conductors;

b) Be ¢f assize in accordance with the requirements in 17.2.3; and

c) Have a voltage rating not less than the circuit in which it is used.

17.3.3 The devices shall be either a circuit breaker, or a fuse suitable for branch-circuit protection such
as HRCI-J, -R, -T, -L or HRCII-C, or Class CC, G, H, J, K, L, R, or T cartridge fuses or a Type S plug fuse.

Exception: If the control circuit is tapped from a circuit supplying other loads in the equipment, a device
used for overcurrent protection may be of the supplementary type provided it has a short-circuit rating
acceptable for the circuit in which it is used. See Table 50.1. If the supplementary device used is a fuse,
the equipment shall be marked in accordance with 66.9.
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18 Overcurrent Protection of Transformers
18.1 Hazardous-voltage transformers

18.1.1 A transformer, other than as described in 18.3.1 and 18.3.2, is considered to be a Hazardous-
Voltage transformer and shall:

a) Be provided with thermal-overload protection in accordance with the requirements in 18.2.1;

b) Be protected by an overcurrent device, or devices, in accordance with the requirements in
18.2.3; or

s, Section 52.

c) Com

Exception: This requirement is not applicable to an interchangeable ignition transformeér‘that conforms to
the requirements for ignition transformers in:

a) In the United States, UL 506; or

b) In Canada, CSA C22.2 No. 13.
18.2 Thermal protection

18.2.1 If a Hazardous-Voltage transformer is provided with:a thermal-overload-protective device, the
device shall he arranged to interrupt primary current and“shall limit temperatures of thg transformer
windings undér overload conditions to those acceptablé”for the class of insulation employed in the
windings. See|Overload Test, Hazardous-Voltage Transformers, Section 51.

Exception: If the thermal-overload-protective device provided is a nonrenewable thermal cufoff, a burnout
test is to be cqnducted in place of the overload-test. See Burnout Test, Hazardous-Voltage [Transformers,
Section 52.

18.2.2 A thegmal cutoff shall comply with the requirements in:
a) In the United States, UL)60691; or

b) In Canada, CSA:C22.2 No. 209.

A manually or|automatically reset thermal protector shall have an endurance rating of not Igss than 6000
cycles and shall eemply with the requirements for calibration of temperature-limiting controls |n:

¢) In the United States,

1) UL 873; or

2) UL 60730-1, and UL 60730-2-9; or
b) In Canada,

1) CSA C22.2 No. 24, or

2) CSA E60730-1, and CSA E60730-2-9.

18.2.3 If a Hazardous-Voltage transformer is protected by an overcurrent device or devices, such
protection shall comply with the requirements specified in 18.2.4, 18.2.5, and 18.4.1 — 18.4.3.
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18.2.4 A Hazardous-Voltage transformer shall be protected by an overcurrent device, or devices, that is
located in the primary circuit and that is rated or set as indicated in Table 18.1 for the primary. See 18.2.5

and 18.4.1.

Table 18.1
Rating of Transformer Overcurrent Protective Devices

Rated primary or secondary current

Maximum rating of overcurrent device,

percent of

amperes transformer current rating when in:

Primary Secondary
Less than 2 3002 167
2 or more, less than 9 167 67
9 or more 125P 125°

@ Does not appl

to an autotransformer; may be increased to 500 % if transformer supplies a motor control gircuit.

b If 125 % of the

current does not correspond to a standard rating of fuse or circuit breaker, the nextthigher standa

used. For the pyrpose of this requirement, standard ratings are 1, 3, 6, 10, 15, 20, 25, 30, 35, 40,745,50, and 60 A

d rating may be

18.2.5
more than 2

If theg circuit supplying a transformer is provided with overcurrent protection rate

% of the rated primary current of the transformer, additional overcurrent p

required in the primary circuit provided the secondary circuit is protected by a protective g

set as indicat

d in Table 18.1 for the secondary.

18.3 Extra-low-voltage transformers

18.3.1 Exce
VA (Class 1,
primary circu
primary curre

18.3.2 Atra
requirements
output curren
(noninherentl

pt as specified in 18.3.2, a transformer-having a rated output of not more than
power-limited circuit) shall be protected by an overcurrent device or devices
t. The overcurrent device or devices shall be rated or set at not more than
nt rating of the transformer. See 18.4.1.

hsformer that directly supplies a Class 2 circuit [see 5.18(b)] shall, in accorg
in UL 5085-1/CSA €22.2 No. 66.1 and UL 5085-3/CSA C22.2 No. 66.3, ¢
t (inherently-limiting-transformer) or be equipped with an overcurrent devi
-limiting transformer).

18.4 Overcuirrent protective devices

18.4.1 Over
need not be g

current protection in the primary circuit of a transformer, as described in 18.2

or set at not
tection is not
evice rated or

B30 Vand 1000
located in the
167 % of the

ance with the
bither limit the
te, or devices

4 and 18.3.1,

rovided as part of the equipment if, based on the marked rating of the equipm

ent, the rating

of the branch-circuit overcurrent-protective device or devices does not exceed the values specified in
18.2.5 or 18.3.1, as applicable.

18.4.2 Overcurrent protection in the secondary circuit of a transformer, as required by 18.2.5, shall be
provided as part of the equipment. If a fuse is used, the equipment shall be marked in accordance with

66.8.

18.4.3 A required transformer overcurrent-protective device provided as part of the equipment shall:

a) Be provided for all ungrounded conductors;

b) Be of a size in accordance with the requirements in 18.2.5 — 18.3.1, as applicable; and

c) Have a voltage rating not less than the circuit in which it is used.
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The devices shall be either a circuit breaker, or a fuse suitable for branch-circuit protection such as HRCI-
J,-R, -T, -L or HRCII-C, or Class CC, G, H, J, K, L, R, or T cartridge fuses or a Type S plug fuse.

Exception: If a transformer supply is tapped from a circuit supplying other loads in the boiler assembly, a
fuse used for overcurrent protection may be of the supplementary type provided that the fuse has a short-
circuit rating acceptable for the circuit in which it is used. See Table 50.1. The equipment shall be marked

in accordance

with 66.9.

19 Switches and Controllers

19.1

Except as indicated in 19.2, all boiler assemblies incorporating more than one motor intended for

connection to the same power supply shall be equipped with a controller for controlling the loads involved.

19.2 A contfoller is not required for a boiler assembly having more than one mator
a single supply line if the marked maximum overcurrent protective device dogés not exceed

connection to
20Aat125V
than 6 A full-Ig
conforms to 14

19.3 A singl¢ controller may control more than one motor if the controller is suitable for

load. The ass
remote motor(|

19.4 A contr

19.5 The log
controller or sy

19.6 A contr
have a current

19.7 If the cg
endurance tes
equivalentto t

19.8 The log
alternating cur

Dr less; or 15 A at a voltage greater than 125 V but not greater than-600 V, and
ad current for any one of the motors. Also, a controller is not required for an
.9.

embly is to be marked in accordance with 66.11 if the same controller cont
5) in addition to the motor(s) in the boiler assembly{containing the controller.

bller or switch shall be rated for the load which it controls.

d controlled is to include any load extérnal to the assembly for which conn
vitch circuit are provided.

pller, which may be called upon-to break a motor load under locked rotor co

ntroller is cycled by the operation of an automatic reset overload device, it is td
t under locked rotor-conditions without failure. The endurance test is to be
hat required forthe-overload device and at an equivalent rate.

ked rotordload of a motor is based on six times the full-load current rating ¢
rent and ten times the full-load current rating if direct current.

19.9 If the n

interrupting capacity not less;than the locked rotor load of the motor controlled.

intended for

with not more
assembly that

the combined

acts handle a

pctions in the

nditions, shall

withstand an
of a duration

f the motor if

narked maximum fuse size of the device does not exceed the maximum

size rated for

protecting the motor of the smallest rafing, two or more motors each having individual running overcurrent
protection may be connected to the same power supply if it can be determined that a fuse of the marked
size will not open under the most severe anticipated conditions of service that might be encountered.

19.10 Motor controllers shall be arranged so that they will simultaneously open a sufficient number of
ungrounded conductors to interrupt current flow to the motor.

19.11 As applicable, switches shall comply with UL 98/CSA C22.2 No. 4/NMX-J-162, UL 20/CSA C22.2
No. 111/NMX-J-005 or UL 61058-1/CSA C22.2 No. 61058-1.

19.12 Controllers shall comply with the following, as applicable:
a) In the United States:

1) UL 508;
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2) UL 60947-1/CSA C22.2 No. 60947-1/NMX-J-515; or
3) UL 60947-5-2/CSA C22.2 No. 60947-5-2.
b) In Canada:
1) CSA C22.2 No. 14;
2) CSA C22.2 No. 60947-1; or
3) CSA C22.2 No. 60947-5-2.

20 Capacitors

20.1 Capacitors shall be housed within an enclosure or container that will protect.the
mechanical damage and that will not permit the emission of flame or molten matetial
malfunction of the capacitor. Except as noted in 20.2 and 20.3, the container shall be of nj
strength and protection not less than that of uncoated steel having a thickness of 0.020 in
24 MSG.

20.2 The inflividual container of a capacitor may be of material other than metal if th
mounted in enclosure that houses other parts of the burner and if such a box, case,
acceptable fof the enclosure of current-carrying parts.

20.3 Ifthe d
metal parts b
separated fro

ontainer of an electrolytic capacitor is constructed of metal, it shall be insulat
moisture-resistant insulation not less thap.0.028 in (0.711 mm) thick. Otherw
M dead-metal parts by spacings in accordance with Table 22.1.

20.4 A capacitor employing a liquid dielectries medium shall be protected against ex
dielectric me@lium when tested in accordanee with the applicable performance requirg
standard, inclpding faulted overcurrent copditions based on the circuit in which it is used. Se
Test, Section pO.

Exception: If
winding, the g
but not less

components(.

he available fault curtent is limited by other components in the circuit, such a
apacitor may be tested using a fault current less than the test current specifie
han the current-established by dividing the circuit voltage by the impedang

20.5 Capacitors shall'comply with:

plates against
resulting from
netal providing
(0.5 mm), No.

e capacitor is
or the like, is

ed from dead-
ise, it shall be

bulsion of the
ments of this
e Short-Circuit

5 a motor start
o in Table 50.1
e of the other

a) In the'Uhited States, UL 810; or

b) In Canada, CSA C22.2 No. 190.
21 Electrical Insulating Material

21.1
molded composition, or other material providing equivalent performance.

Material for the mounting of current-carrying parts shall be porcelain, phenolic composition, cold

21.2 Ordinary vulcanized fiber may be used for the insulating bushings, washers, separators, and
barriers, but not as the sole support for uninsulated live parts where shrinkage, current leakage, or
warpage may introduce a risk of fire, electric shock, or injury to persons. Plastic materials may serve as
the sole support of uninsulated live parts, if found to have the mechanical strength and rigidity, resistance
to heat, resistance to flame propagation, dielectric voltage-withstand, and other properties needed for the
application.
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22 Spacings — Hazardous-Voltage Circuits

221 The spacings between uninsulated live parts of opposite polarity and between uninsulated live parts
and dead (grounded non-current-carrying) metal parts shall be not less than the values specified in Table
22.1.
Table 22.1
Spacings
Ratings Minimum spacing in inches (mm)
Volt-amperes Volts Through air Over surface To enclosure®
0— 2000 0- 3007 1/8 (3.2)° 1/4 (6.4) /4 (6.4)
More than 2000 0-150 1/8 (3.2)° 1/4 (6.4) 12 (12.7)
151 -300 1/4 (6.4) 3/8 (9.6) 12 (12.7)
301-600 3/8 (9.6) 112 (12.7) 1/2 (12.7)

2 If over 300 volt$, spacings in last line of table apply.

® The spacings b
than 1/4 inch (6.

¢ Includes fitting

etween field wiring terminals of opposite polarity, of between a field wiring terminal and ground, shi
L mm).

for conduit or metal clad cable.

all be not less

22.2 The thr
the basis of th
the spacing fr

bugh-air and over-surface spacings at an individual component part are to be

bm the component to the enclosure shall:be“evaluated on the basis of the to
components i) the enclosure. For example, the through-air and over-surface spacing at a cq
controls only § motor is evaluated on the basis of thévolt-amperes of the motor. A componern
loads in additipn to the motor is similarly evaluatedion the basis of the sum of the volt-amperg
so controlled; however, a component that independently controls separate loads is evaluate
of the volt-amperes of the larger load. Theétvolt-ampere values for the load referred to ab
determined by|lthe measured input.

evaluated on

b total volt-ampere consumption of the load or loads that the component contiols. However,

tal load on all
mponent that
t that controls
s of the loads
j on the basis
bve are to be

22.3 For cirquits not exceeding 300 V, the over-surface spacings for glass-insulated termifpals of motors

may be 1/8 in|(3.2 mm) where.1/4 in (6.4 mm) is specified in the table and may be 1/4 in (6
3/8in (9.5 mm|) is specified.

22.4 The spacing requirements in Table 22.1 do not apply to the inherent spacings inside n

requirements for\the component. However, the electrical clearance resulting from the in

4 mm) where

hotors, except
basis of the
stallation of a

component, in6kd

A.

22.5 The spacings titled “To Enclosure” in Table 22.1 are not to be applied to an individual enclosure of a

component part within an outer enclosure or cabinet.

22.6 All uninsulated live parts connected to different circuits, except subdivided circuits or branch circuits
of same voltage from same feeder, shall be spaced from one another as though they were parts of
opposite polarity in accordance with the requirements indicated above and shall be evaluated on the basis

of the highest voltage involved.

22.7 An insulating liner or barrier of vulcanized fiber, varnished cloth, mica, phenolic composition, or

similar material employed where spacings would otherwise be insufficient, shall be not less

than 0.028 in

(0.711 mm) thick; however, a liner or barrier not less than 0.013 in (0.33 mm) thick may be used in
conjunction with an air spacing of not less than one-half of the through-air spacing required. The liner shall

be located so that it will not be damaged by arcing.
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22.8 Material having a lesser thickness may be used if it has insulating, mechanical, and flammability
properties equivalent to those of the materials specified in 22.7.

23 Spacings - Extra-Low-Voltage Circuits

23.1 The spacings for Extra-Low-Voltage electrical components which are installed in a circuit which
includes a motor overload protective device, or other protective device, where a short or grounded circuit
may result in risk of fire, electric shock, or injury to persons shall comply with the requirements of this
standard.

23.2 The spacing between an uninsulated live part and the wall of a metal enclosure including fittings for
the connection of conduit or metal-clad cable shall be not less than 3.2 mm (1/8 in). See 22.4.

23.3 Spacing shall be not less than 1/4 in (6.4 mm) between wiring terminals, regardless ¢f polarity, and
between the Wiring terminal and a dead-metal part, including the enclosure and fittings for {he connection
of conduit, which may be grounded when the device is installed.

23.4 The sppcing between uninsulated live parts, regardless of polarity, and.between an uninsulated live
part and a defpd metal part, other than the enclosure, that may be grouhded when the device is installed
shall be not Igss than 1/32 in (0.8 mm), provided that the construction of.the parts is such that spacings will
be definitely maintained.

23.5 The spacings in Extra-Low-Voltage circuitry that do not contain devices such as those indicated in
23.4 are not specified.

23.6 The oytput of a transformer device supplying.a circuit classified as a Class 2, Extrp-Low-Voltage
circuit and prgvided as a part of the equipment shallinot be interconnected with the output of another such
transformer device unless the voltage and_current measurements at the output terminals of the
interconnected devices are within the values for'a single Class 2 transformer device of 30 V ¢r less.

23.7 Two or[more transformer devices supplying circuits classified as Class 2, Extra-Low-Yoltage circuits
provided as a|part of the equipment shall be treated as two separate circuits each having it§ own separate
wiring compaftment, and the output of each circuit shall be marked to warn that the separation shall be
maintained.

24 Accessipility of Uninsulated Live Parts

241 An uninsulated Hazardous-Voltage live part and moving parts shall be located, guarded, or
enclosed so gs.to minimize accidental contact by personnel performing service functions which may have

to be performedwithrtheequipmentenergized:

Exception: These requirements are not applicable to mechanical service functions which are not normally
performed with the equipment energized.

24.2 Accessibility and the reduction of risk of electric shock and injury to persons may be obtained by
mounting the control components in an assembly so that unimpeded access is provided to each
component through an access cover or panel in the outer cabinet and the cover of the control assembly
enclosure with the following arrangement. See Figure 24 .1.

a) The components are located with respect to the access opening in the outer cabinet so that the
farthest component in the control assembly is not more than 14 in (35.6 mm) from the plane of the
access opening.
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b) Uninsulated live parts outside the control assembly projected clear space, except for live parts
within a control panel or unguarded moving parts are located not closer than 6 in (152 mm) from
any side of the access area. The projected clear space is considered to be bounded on the sides
by the projection of the smallest rectangular perimeter surrounding the outside edge of the
components or control enclosure when provided. The access area is considered to be bounded on
the sides by the projection of the perimeter of the access opening in the outer cabinet to the closest
rectangular perimeter surrounding the outside edge of the component or control enclosure.

c) The volume generated by the projected clear space of the control assembly to the access
opening in the outer cabinet, within the access area, is completely free of obstructions, including

wiring.

d) Acc

ss to the components in the control assembly is not impeded in the direction

of access by

other cpbmponents or by wiring

e) Extractor type fuseholders and snap switches mounted through the controliassen
be located so that there is unimpeded access to these components throug
b in the outer cabinet and so that they are not immediately adjacent-to uninsul

are to
openin

outsidg the control assembly e

in this assembly.

nclosure, unless guarded.

Figure 24.1

Accessibility and Protection

bly enclosure
h the access
hted live parts

r»A

______ UNINSULATED LIVE PART \ XT“”L’S\‘;WSED”*’E( 6"{:}'?
‘ L
| szmmisi ‘ FROM ACCESS AREA i i
SJ?TTIEE \ CONTROL ACCESS OPENING Lo
9 ENCLOSURE A
FARTHEST I
COMPONENT \ | \ COMPONENT
1 A
PLANE OF
— L e [m—
| OPENING oo
\\_’\iemmmm)M&i > //7/ \
CAPACITOR o (CowmRoL ACCESS i L;
OB PROJECTED AV A
| CLEAR - s s
J o~ SPACE . a2 2
i | | BUTTON \\\7«.( Vi ; ;
\ i RECTANGULAR o >\<
. A | PERIMETER NN
/l !
\ / \| GUARD /
’é%,&};@?ﬁ PROJECTED CLEAR SPACE
(CROSS-HATCHED AREA)
| MOVING PART CAPABLE OF CAUSING
| INJURY TO PERSONS AT LEAST
________ -7 MOVING PART CAPABLE OF 152 mm (6 in) FROM ACCESS
CAUSING INJURY TO PERSONS | AREA (UNLESS GUARDED)
cal00b SECTION A-A L,

24.3 The following are not considered to be uninsulated live parts:

a) Coils of controllers;

b) Relays and solenoids;

¢) Transformer windings, if the coils and windings are provided with insulating overwraps;
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d) Enclosed motor windings;

e) Terminals and splices with suitable insulation;

f) Insu
25 Groundi

251

lated wire.

ng and Bonding

Exposed or accessible dead (non-current-carrying) metal parts which are likely to become

energized and which may be contacted by the user or by service personnel during service operations
which are likely to be performed when the equipment is energized, shall be electrically connected to the
point of connection of an equipment grounding terminal or lead.

25.2 Except
frames and
interconnectin
contacted by

25.3 Metal g

a) Adh
enclos
so tha

b) Isol
screw

c) Par
separg

d) Par

insulafing barrier of vulcanized fiber, varnished cloth, phenolic composition, or simil

less th

25.4
for purposes

grounding comductor not requiring removal for such service.

25.5 Splices

If a component, such as™a'switch, is likely to become separated from its normal gro|

as indicated in 25.3, uninsulated dead metal parts of cabinets, electricalrenc]
ounting brackets, controller mounting brackets, capacitors and other electricg
g tubing and piping, valves, and the like, are to be bonded for grounding i
he user or service personnel during servicing of the boiler assembly!

arts, as described below, need not be grounded:

esive attached metal foil markings, screws, handles, et¢., which are located orj
ures or cabinets and isolated by grounded metal parts from electrical compo
it cannot become energized;

ated metal parts, such as a motor controller magnet frame or armature, or s
5, etc., which are separated from wiring and~uninsulated live parts;

els and covers which do not enclose-uninsulated live parts if insulated parts
ted from the panel or cover; and

els and covers which are insulated from electrical components and wiring b

an 1/32 in (0.8 mm) thick.and that is secured in place.

of testing or adjustment while the equipment is energized, it is to be pi

shall netbe employed in wire conductors used for bonding.

25.6 Metal-t

osures, motor
| components,
f they may be

the outside of
hents or wiring

mall assembly

and wiring are

y an attached
br material not

unding means
ovided with a

p-metal hinge bearing members may be considered as a means for bond

grounding.

ng a door for

25.7 A separate bonding conductor shall be of material suitable for use as an electrical conductor.
Ferrous metal parts in the grounding path shall be protected against corrosion by enameling, galvanizing,
plating, or equivalent means. A separate bonding conductor or strap shall:

a) Be protected from mechanical damage, such as by being located within the confines of the outer

enclos

ure or frame; and

b) Not to be secured by a removable fastener used for any purpose other than bonding for
grounding unless the bonding conductor is unlikely to be omitted after removal and replacement of
the fastener.
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25.8 The bonding shall be by a positive means, such as by clamping, riveting, brazing, welding, or
making a bolted or screwed connection. The bonding connection shall penetrate nonconductive coatings,
such as paint.

25.9 A connection that depends upon the clamping action exerted by rubber or similar materials shall
comply with 25.11 under any degree of compression permitted by a variable clamping device and if the
results are still acceptable after exposure to the effects of oil, grease, moisture, and thermal degradation
which are likely to occur in service. The effect of assembling and disassembling, for maintenance
purposes, such a clamping device is to be considered with respect to the likelihood of the clamping device
being reassembled in its intended position.

25.10 If bonding depends on screw threads, two or more screws, or two full threads of a single screw,
are to engage [the metal.

25.11 If the adequacy of a bonding connection cannot be determined by examination, of if a bonding
conductor is gmaller than required by (a) and (b), it shall be considered acceptable if the connecting
means does npt open:

a) Whagn carrying for the time indicated in Table 25.1, twice the current equal to the rating of the
branch|circuit overcurrent device required to protect the equipment;and

b) During a Short-Circuit Test in series with a fuse of propet. rating. See Short-Circuif Test, Section

50.
Table 251
Duration of Current Flow, Bonding Conductor Test
Rating of pvercurrent protection device amperes Maximum duration of current flow| min

30orless 2

31-60 4

61-100 6

101 -200 8

25.12 The sige of a conductor or strap employed to bond an electrical enclosure or motor frame shall be
based on the [rating of thetbranch circuit overcurrent device to which the equipment will be connected.
Except as indigated in’25:13, the size of the conductor or strap shall be in accordance with Tgble 25.2.

Table 25.2
Bonding Wire Conductor Size
Size of bonding conductor?
Rating of overcurrent Copper wire Aluminum wire
device amperes AWG (mm?) AWG (mm?)
15 14 (2.1) 12 (3.3)
20 12 (3.3) 10 (5.3)
30 10 (5.3) 8 (8.4)
40 10 (5.3) 8 (8.4)
60 10 (5.3) 8 (8.4)

Table 25.2 Continued on Next Page
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Table 25.2 Continued

Size of bonding conductor?

Rating of overcurrent Copper wire Aluminum wire
device amperes AWG (mm?) AWG (mm?)
100 8 (8.4) 6 (13.3)
200 6 (13.3) 4 21.2)

@ Or equivalent cross-sectional area.

25.13 A bonding conductor toa component or electrical enclosure is not requwed to be larger than the

size of the co

25.14 If mo
conductor sh
protection for
a branch cir

bonding cond
protection of t

25.15 All ex
grounding ter

25.16 The
shall be suita

e than one size of branch circuit overcurrent device is involved, the (sizé d
Il be based on the rating of the overcurrent device intended to provide

he component bonded by the conductor. For example, if a motor,isindividual
it overcurrent device smaller than other overcurrent devices used with the
ctor for that motor is sized on the basis of the overcurrent.devite intended f
e motor.

posed dead metal parts requiring grounding shall be. electrically connected to
minal(s) or lead(s).

quipment grounding terminal or lead shall be located in the field wiring con
ble for connection of an equipment grounding conductor of at least 6 AWG

f the bonding
ground-fault
y protected by
equipment, a
br ground-fault

an equipment

partment and
13.3 mm?) for

copper, or 4 AWG (21.1 mm?) for aluminum, as required:

a) In the United States, NFPA 70; or

b) In Janada, CSA C22.1,

for the rating ¢f the power supply circuitto be connected.

25.17 A sol
connector sha

Hering lug, a pushtin, i.e., screwless connector, or a quick-connect or similar friction fit
Il not be used for'the terminal for the field installed grounding conductor.

25.18 The t¢rminal fon the connection of the equipment grounding conductor shall be:

a) A greeny.not readily removable, terminal screw with a hexagonal head;

b) A green, hexagonal, not readily removable terminal nut; or

c) A green pressure wire connector.

If the terminal for the grounding conductor is not visible, the conductor entrance hole shall be marked with
the words "GREEN", "GROUND"; the letters "G", "GR"; a grounding symbol such as Figure 25.1; or
otherwise identified by a distinctive green color. When the terminal for the equipment grounding conductor
is readily removable, the area adjacent to the terminal shall be similarly marked.
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Figure 25.1
Grounding Symbol

25.19 The suyrface of an insulated lead intended for the connection ©f an equipment ground
shall be finishg¢d a continuous green color or a continuous green eolor with one or more yello
no lead visible|to the installer, other than an equipment grounding eonductor, shall be so iden

25.20 Grounding and bonding equipment used to camply with this Section and oth
requirements ¢f this Standard shall comply with UL 467/CSA C22.2 No. 41/NMX-J-590.

CONSTRUCTJON — BURNER ASSEMBLIES
26 General

26.1 Each gTs burner assembly employed in a gas-fired boiler assembly covered by these
shall be constjucted and tested in.accordance with:

a) In the United States, UL 295; or

b) In Canada, CSA-CGA 3.4.

Exception: A natural=draft burner may be evaluated to the requirements of this standard.

ing conductor
w stripes, and
tified.

er applicable

requirements

26.2 With respect to 26.1, a burner assembly equal to or less than 400,000 Btu/h (117,228 W), used on a

gas-fired high pressure steam or high temperature water boiler assembly, shall comply with:

a) In the United States, the requirements specified for burner assemblies rated above 400,000

Btu/h (117,228 W) to 2,500,000 Btu/h (732,678 W) in UL 295; or

b) In Canada, the requirements of conversion burners with inputs in excess of 117,228 W (400,000

Btu/h) to 2,930,710 W (10,000,000 Btu/h) in accordance with CSA CGA 3.4.

26.3 When the gas burner is installed on the boiler assembly, all safety controls shall be readily

accessible.

26.4 A safety control shall be supported in such a manner that it, and its sensing element,

will remain in

the intended position. It shall be possible to determine by observation or test that each control is in its

intended location.
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26.5 Nothing shall be provided for the purpose of permitting any safety control to be rendered ineffective
or allowing firing of the burner assembly without the protection of all of the required safety controls.

26.6 Primary air openings and orifices shall be accessible for servicing.

26.7 As applicable, clearance shall be provided for removal and replacement of the pilot burner without
kinking the pilot gas tubing.

26.8 A burner assembly shall be secured so that it will not twist, slide, or drop out of its correct position.

26.9 Burners having a maximum firing rate per combustion chamber in excess of 12,500,000 Btu/h

(3,663,388 W
normally ope
safety shutoff

Exception: If 4n automatic valve proving system performs a valve proving systennsequence

shutoff valves
a normally op

27 Combination Gas-Oil Burner Assemblies

27.1 A com

arranged so that the fuel not being fired will be shut off automatically when the burner asg

fuel is not in fi

27.2 Acom
be arranged s

ignition syste for the fuel to be fired shall provide a predetermined ignition cycle which sh

before the de

27.3 The gas burner portion of the)gas-oil burner assembly shall be constructed

accordance w

a) In th

b)InC
27.4 The oll
with:

3/4 in (19.1 mm) or larger electrically-operated valve in a vent line located |bsg
valves.

during each burner cycle and functions to prevent light-off in thé ‘event of a d
en vent valve is not required to be used.

bination burner assembly shall be designed to_burn only one fuel at a tin

Fing position or is not intended to be fired.

bination burner assembly designed to.change automatically from one fuel to t
o that the fuel being fired is shut off before the other fuel is delivered to the ign

very of main burner fuel to the ignition zone.

ith:
e United States; UL 295; or

anada, CSA.CGA 3.4.

burnerportion of the gas-oil burner assembly shall be constructed and tested

also include a
tween the two

on both safety

ptectable leak,

he. It shall be

embly for that

he other, shall
tion zone. The
all be initiated

and tested in

in accordance

a) In the United States, UL 296, or

b) In Canada, CSA B140.1 Series, as applicable.

27.5

be evaluated to the applicable requirements of:

a) In the United States, UL 726, or

b) In Canada, CSA B140.7.
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CONSTRUCTION - BOILER ASSEMBLIES
28 General

28.1 Except as permitted by 28.2, each boiler assembly shall be factory built to include all the
components necessary for its normal function when installed as intended. It may be furnished as two
separate components, one component consisting of the burner assembly and the other consisting of the
rest of the boiler assembly. The burner assembly shall include the primary safety control. The rest of the
boiler assembly shall include all the other parts constituting the complete gas-fired boiler assembly.

28.2 A boiler assembly, if not manufactured as a single assembly, shall consist of as few subassemblies
as practicable. Each subassembly shall be capable of being incorporated into the final assembly without

requiring altergtion, cutting, drilling, threading, welding or similar tasks by the installer, excep

described beldg

proper and safe operation of the boiler assembly, shall be designed and marked sothat the

be incorporate

Exception: By
shutoff valve,
be joined in th
field installer.

28.3 Refer ta

28.4 A radigtion shield or baffle employed to reduce~the risk of unintended temperat

assembled as
assembly for
operation with

28.5 Each boiler assembly shall afford convenient operation by the user of those parts reqy

or manipulatio|
28.6 Any adj
28.7 Openin
openings shal

circular in sha

28.8 Boilers

w. Two or more subassemblies, which must bear a definite relationship to'eac

d into the final assembly in their correct relationship.

yner piping components such as the main automatic gas shutoff valve, mai
gas-pressure requlator, and the like, may be furnished as separate parts proy
b field with standard piping. The standard piping may be furnished, cut, and th

Annex A, Furnaces and Air Heaters (United States only)

part of the boiler assembly; or be part of a subassembly that must be attache

put first attaching the required shield.or baffle in its proper position.

N in normal usage.
ustable part shall be-provided with a locking device.

j in perforated.or expanded metal panels, provided over combustion-air,

be, they shall be of such size that will permit entrance of a No. 20 drill.

t to the extent
n other for the
y may readily

h manual gas
ided they can
readed by the

ures shall be
d to the boiler

ts normal operation; or be designed¢so that the boiler assembly cannot be assembled for

iring attention

or vent-relief

not be less\than 1.8 in (45.7 mm) diameter. If the openings in such panels are other than

shall'bear evidence that they comply with:

a) In the United States, the applicable section of the ASME Boiler and Pressure Vessel Code;

1) “S” — Designates a high pressure steam or high-temperature water boiler constructed in

accordance with Section |, Rules for Construction of Power Boilers; or

2) “H” — Designates a low pressure steam or hot water boiler constructed i
with Section 1V, Rules for Construction of Heating Boilers; or

n accordance

3) “M” — Designates a miniature boiler constructed in accordance with Section I, Part PMB,

Rules for Construction of Power Boilers; or

b) In Canada, the applicable section of CSA B51.
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29 Accessibility

29.1 All flue gas passageways or heating surfaces of gas-fired boiler assemblies shall be accessible for
inspection and cleaning without major dismantling and without removal of controls.

29.2 Provision shall be made for observation of each pilot and main burner flame during adjustment and
under operating conditions.

29.3 Sufficient and reasonable accessibility shall be afforded for cleaning, inspection, repair, and
replacement of all burners, controls, and safety devices when the boiler assembly is installed as
recommended by the manufacturer. The arrangement of parts in an assembly removed for normal care
shall be such_that their restoration, following removal, will not necessitate realignment to secure their
proper relatiopship with other parts of the assembly. Special tools that may be required for hormal care to
be done by the operator shall be supplied with the boiler assembly.

29.4 Heads|and nuts of bolts which must be removed to permit the removal of-¢leanout glates shall not
be placed where they will be in contact with flue gases.

30 Baffles

301 t be dislodged

or distorted during cleaning. Flue baffles which are removablédor cleaning shall be desi
assure their r¢eplacement in the correct position.

Flue baffles shall be removable for cleaning or shall be designed so that they canng
CI gned so as to

31 Limit Cantrols

31.1 General

31.1.1 The @pplication of all burner controls*and the requirements for combustion-air and
controls shall pe in accordance with Sections 26 — 27 of these requirements, as applicable.

primary safety

31.1.2 Except as indicated below, a limit control that functions to interrupt or reduce the
for combustion by opening an electrical circuit shall be so arranged as to effect the direct g
circuit, wheth¢r the switching'mechanism is integral with, or remote from, the sensing eleme

Exception: A fimit contfol-which functions by opening a switch shall directly interrupt the p
the safety shytoff valve(s), except when two safety shutoff valves are used in the main burr
one of the valyes.may be controlled through a contactor of a type that complies with the eled

Helivery of fuel
pening of that
nt.

bwer supply to
er supply line,
trical spacings

and endurande-requirements of the relevant control standards specified in 31.2.6, 31.3.5— 3

1.3.7, 31.4.3 -

31.4.5, as applicable.

31.1.3 The purpose of the requirement in 31.1.2 is to reduce the risk of interposing other controls and
devices in the limit-control circuit, the failure of which may result in a condition that the limit control is
intended to preclude. However, a limit control may interrupt the pilot circuit of a magnetic-type motor
controller which, in turn, directly opens the safety 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.

31.1.4 A boiler equipped with an operating or modulating control that only regulates the fuel input
between high and low values of steam pressure or water temperature, shall be provided with an additional
operating limit control per 31.3.1(a) or 31.4.1(a), as applicable, that is set to shut off the fuel at a pressure
or temperature value below the set point of the high limit control.

Copyright Underwriters Laboratories Inc.


https://ulnorm.com/api/?name=UL 795 2024.pdf

ANSI/CAN/UL 795 FEBRUARY 29, 2024

60

31.1.5 A limit control that operates to shut off fuel in case of abnormal low water condition,
abnormal/unintended (high) temperature or abnormal/unintended (high) pressure shall cause safety
shutdown (see 5.58) so that a manual reset is required to restore the burner operation. As applicable, see
31.3.1(b) and 31.4.1(b).

31.1.6  With respect to 31.1.5 safety shutdown may be provided either by employing manual reset type
limit controls or it may be effected by utilizing the manual reset feature of another control on the boiler,
such as the primary safety control. For systems where the reset feature is separate from the limit control,
means shall be provided to indicate that the limit control has caused safety shutdown.

31.2 Liquid level limit (protective) controls

31.2.1 Fixedtsetting hot-water temperature limit controls shall be marked with the operating

and steam-pre
setting hot-we

ssure controls shall be marked with the operating pressure of their fixed.poin
ter temperature limit controls shall have their temperature range marked

pressure controls shall have their pressure range marked.

31.2.2 A hot
cutoff and watfer feed control that operates to open the burner circuit and“eause safety sht
the water falls below the lowest permissible level recommended by the manufacturer.

temperature,
ts. Adjustable
, and steam-

water boiler shall be provided with at least one low water cuitoff or combination low water

tdown before

Exception: A

water tube or coil type boiler that requires fofced water circulation to guard against

unintended temperatures may employ a water flow sensing device instead of a low water cut

31.2.3 A low
cutoffs or com

pressure and a high pressure steam boiler“shall be provided with at least {
bination low water cutoff and water feed\controls. Both controls shall be wired
of either control causes fuel cutoff to the burner before the water level falls be

Dff.

wo low water
electrically so
ow the lowest

that operation
visible part of
The control th
operation.

han the other.
estore burner

the gage glass. However, one shall\be set to operate at a lower water level t
at is set lower shall cause safety shutdown, requiring a manual reset to 1

Exception: A boiler that does not exceed any of the following limits may be provided with|only one low

water cut-off:
a) Maxjmum working pressure — 100 psig (690 kPa).

b) Maxfmum inside-diameter of shell — 16 in (406 mm).

¢) Maximuniheating surface — 20 ft? (1.86 m?)

avaliioia nf annoine apal
CACIaorve-orcaosnigara

d) Grossvetume;

31.2.4 The gross volume mentioned in 31.2.3 is intended to include gas passages that are integral with
the assembled pressure parts. For the purpose of these requirements, the volume is considered to be the
volume of a rectangular or cylindrical enclosure into which all the pressure parts of the boiler could be
fitted in their final assembly. Projecting nozzles or fittings need not be considered in this volume.

31.2.5 With respect to 31.2.2 and 31.2.3, safety shutdown may occur simultaneously with the operation
of the low water cutoff to shut down the burner or it may incorporate a time delay, per the manufacturer’s
recommendation. The time delay for safety shutdown shall not exceed the boiler manufacturer's
recommended time or 90 s, whichever is less.

31.2.6 Aliquid level limit control shall comply with:

a) In the United States:
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1) UL 353; or

2) UL 60730-2-15; or

b) In Canada:

1) CSA E60730-2-15;
2) The requirements for protective controls in CSA E60730-1; or

3) The limit control requirements of CSA C22.2 No. 24.

31.3 Pressure limit (protective) controls

31.3.1 Aste

a) On
pressu

b) On
shutdd
pressy

appropriate.

31.3.2 The
pressure in t

maximum sefting shall be limited by a fixed stop. In the United States only, such a boiler

ASME Code §

31.3.3 The
boiler will nof
adjustable se
boiler is stam

31.34 The
required by th

31.3.5 Anel

a) In th

am boiler shall be equipped with two factory installed limit controls, as follows:

re in the boiler reaches a preset operating pressure.

b pressure actuated (high) limit control to shut off all fuel to\the burner ang
wn, requiring a manual reset to restore burner operation, in case of unin
re in the boiler. The control settings shall be in accordance with 31.3.2 g

b pressure actuated limit control to shut off the fuel supply to the burner when the steam

cause safety
tended steam
nd 31.3.3, as

maximum setting of a limit control on a low-pressure steam boiler shall li
he boiler to 15.0 psig (103 kPa) or less. @n a control having an adjustabl

bymbol "H".

imit control for a high pressure steam boiler shall be set so that the steam g
exceed the maximum allowable working pressure of the boiler. On a con

pbed with the ASME Code Symbol "S".

requirements of this*Section do not preclude the use of additional operati
e manufacturer;

ectro-mechanical limit control shall comply with:

e United States:

mit the steam
b setpoint this
s marked with

ressure in the
trol having an

point, the maximum setting Shall be limited by a fixed stop. In the United Stat¢s only, such a

ng controls, if

1L 262 A
A4 T

4\
Ly a4

y O

2) The requirements for pressure cut-outs in UL 60730-2-6; or

b) In Canada:

1) The requirements for pressure cut-outs in CSA E60730-2-6, or

2) The limit control requirements of CSA C22.2 No. 24, and a maximum drift
initial deviation value not exceeding 5 %.

of 5 % and an

31.3.6 An electronic limit control with switched outputs that only relies on hardware circuitry to limit the

pressure withi

n the limits specified in 31.3.1 — 31.3.3 shall comply with the requirements of:

a) In the United States: Type 2 Protective Control requirements per UL 60730-2-6; or
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b) In Canada:
1) Type 2 Protective Control requirements per CSA E60730-2-6; or
2) The limit control requirements of CSA C22.2 No. 24.

The pressure limit control shall have a maximum drift of 5 % and an initial deviation

31.3.7 An electronic limit control that relies on software to limit the pressure within the limits specified in
31.3.1 — 31.3.3 shall conform to the requirements for:

a) In the United States:

1) Software Class 2 in accordance with UL 1998 and UL 353; or
2) Software Class C in UL 60730-1; or

b) In Canada:

1) Software Class C in accordance with CSA C22.2 No. 0.8 and'CSA C22.2 Np. 24; or

2) Software Class C in accordance with CSA E60730-},,and CSA E60730-2-6

The pressure |imit control shall have a maximum drift of 5 % and an initial deviation value pot exceeding
5 %.

31.4 Temperature limit (protective) controls

31.4.1 A hotwater boiler shall be equipped with twe factory installed limit controls, as follows:

a) Ong temperature actuated limit control to shut off the fuel supply to the burper when the
temperature of the water in the boiler reaches a preset operating temperature. This lirhit control can
be an gutomatically reset type; and

b) One|temperature actuated (high) limit control that operates to shut off all fuel to the burner and
causeq safety shutdown_before the water temperature in the boiler exceeds the maximum rated
operating temperature./For a hot water boiler safety shutdown shall occur befgre the water
temperature in the'hoiler exceeds 250 °F (121 °C). This limit control shall be a manually reset type.

31.4.2 The rpquireménts of this section do not preclude the use of additional temperatlire regulating
controls, if reqpired.by the manufacturer.

31.4.3 An electro-mechanical limit control shall comply with:
a) In the United States:
1) UL 353; or
2) The requirements for protective electrical controls in UL 60730-2-9; or
b) In Canada:
1) CSA E60730-2-9; or

2) CSA C22.2 No. 24.
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The limit control shall have a maximum drift of 5 % or 10 °F (5.6 °C), whichever is less and an initial
deviation value not exceeding 5 °F (2.8 °C).

31.4.4 An electronic limit control with switched outputs that only relies on hardware circuitry to limit the
temperature within the limits specified in 31.4.1 shall conform to the requirements of:

a) In the United States,

1) UL 353; or

2) Type 2 Protective Control requirements per UL 60730-2-9; or

b) In Canada,

An electronic
initial deviatio
3145 Anel
31.4 shall con

a) In th

b)In G

32 Installat
321 Ifalow
water column
NPS and no 1
cutoff. A cros

1) The limit control requirements of CSA C22.2 No. 24; or

2) Type 2 Protective Control requirements per CSA E60730-2-9.

limit control shall have a maximum drift of 5 % or 10 °F (5.6.°C), whichever
h value not exceeding 5 °F (2.8 °C).

ectronic limit control that relies on software to limit the temperature with the lim
form to the requirements for:

e United States,

1) Software Class 2 in accordance with ULL1998, and UL 353; or

2) Software Class C in accordance with UL 60730-1 and UL 60730-2-9; or
anada,

1) Software Class C in accordance with CSA C22.2 No. 0.8 and CSA C22.2 N
2) CSA E60730-1, and CSA E60730-2-9.

on of External Controls and Fittings

water cutoffis installed external to a low pressure or a high pressure steam b
the connecting piping and fittings to the column shall not be smaller than 1
hut-off valves of any type shall be placed in the piping between the boiler ang

is less and an

its specified in

0.24; or

oiler utilizing a
Finch (25 mm)
the low water

5 ‘orequivalent fitting shall be used in the piping connections at every right an

ple to facilitate

cleaning and

nspection.

32.2 A low water cutoff that embodies a separate chamber shall incorporate a vertical drainpipe and a
blowoff valve not smaller than 3/4-inch (19 mm) NPS, located at the lowest point of the chamber or water-
equalizing pipe connections so that the chamber and the equalizing pipe can be flushed and the low water
cutoff can be tested for operation.

32.3 A low water cutoff or a combination cutoff and water feed control for a low pressure steam boiler
may be installed in the tapped openings provided for attachment of a water gage glass directly to the
boiler. For such installation, the connections shall be made with nonferrous "T" or "Y" fittings for the low
water cut-off connections. The ends of any nipples used shall be hollowed to full size of the internal

diameter.
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32.4 For a hot water boiler, the low water cutoff may be installed external to the boiler. Under low water
conditions, the chamber in which the cutoff is located shall drain so as to maintain the same water level as
in the boiler and, if flow occurs in the chamber, it shall be in the upward direction.

32.5 A water feed control, when used, shall be constructed and installed so that the water inlet valve
cannot feed water into the boiler through a float chamber of a low water cutoff or through the connections
of such float chamber.

32.6 A steam pressure limit control shall be installed on the boiler without any shutoff valve between the
limit control and the boiler.

32.7 Each steam pressure limit control shall be protected with a siphon or equivalent means of

maintaining a
less than 1/4-i
diameter at lea

32.8 The ste
a) 1/4-i
b) 1/2-i

¢) 1-ing

Tubing of ade
standard pipe

vater seal between the steam and the inlet to the control. The size of the siphg
hch (6.4 mm) NPS. Tubing of adequate temperature and pressure rating.and
st equal to standard pipe size may be substituted for pipe.

nch (6.4 mm) NPS, when the pipe is of nonferrous material;
hch (12.7 mm) NPS for ferrous materials up to 5 ft (1.54m) in length; or

h (25 mm) NPS for ferrous materials over 5 ft (1.5 m) in length.

quate temperature and pressure rating and>with an inside diameter at least
Sizes may be substituted for pipe.

33 Flue Dampers, Draft Regulators, and Draft\Hoods

33.1 An adj
operating stop
complete com

33.2 An autd
times and be
intended posit

33.3 An autg
event of break

istable flue damper shall be équipped with suitably located minimum a

bustion at minimum burnepinput.

matically operated\flue damper shall be designed to maintain a safe damper
arranged to réduce the risk of starting the burner assembly unless the da
on for starting:

matically-operated flue damper shall be counterbalanced to assume an open

n shall be not
with an inside

Bm pressure connections to the steam pressure limit control shall' be’not small¢r than:

equivalent to

nd maximum

s. The minimum operating-stop for such damper shall be located to obtain sufficient air for

opening at all
mper is in an

position in the
ded to reduce

age.orfailure of its operating means. Operating parts shall be located or shiel

the risk of inte

[ference with their movement and to reduce the likelihood of injury to the operator in case of

breakage.

33.4 A boiler assembly to be equipped with a barometric draft regulator or draft hood shall be designed
s0 as not to require the regulator or draft hood to be installed 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 the regulator or
draft hood and the combustion air supply.

33.5 A draft hood or draft regulator shall be furnished with each boiler assembly equipped with an
atmospheric or natural-draft burner, except a boiler assembly for outdoor use only and having a venting
system supplied as part of the assembly or when a sealed combustion system is employed.

33.6 A draft hood shall comply with the applicable construction provisions of:

a) In the United States, CSA/AM ANSI Z21.12; or
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b) In Canada, CAN1-6.2.

33.7 A double swing barometric draft regulator, if used, shall incorporate means which will act to cause
the gas supply to be shut off in the event flue gas spillage continues for a duration exceeding 60 s.

33.8 An adjustable flue damper shall not be used in connection with a boiler assembly equipped with a
draft hood or draft regulator.

34 Bleeds and Vents

34.1
pressure inte

A

rlock switch or any other gas train component that requires atmospheric 2

A bleed line from a diaphragm valve and an atmospheric vent line from a gas-pressure regulator,

ir pressure to

balance a dig
manufacturer
of a regulator
outside diamdg

34.2 Bleedl
the combustiq
1450 °F (788
and the heat
securely held

34.3 A vent
line from a ga

34.4 Atmospheric vent lines, when intended to (e piped/vented collectively, shall be ¢

common vent]
the areas of a

34.5 Gas vent lines with normally (open, fully ported, electrically operated valves shg

accordance w

phragm, shall be provided with threaded pipe connection for venting in accor
s instructions. Unless the burners are equipped for constant-burning piloet onl
shall not vent into the combustion chamber. Bleed lines shall be not less than 1
ter tubing.

nes from diaphragm control valves and vent lines from gas-pressure regulator
n chamber shall terminate in burner tips made of a metal having a melting poi
"C). They shall be located so that the escaping gas will.be-readily ignited from
liberated will not impair the operation of the thermahlelement. Bleed line by
so that the ports are in a fixed position relative to the pilot flame.

line from a gas-pressure regulator shall not be connected into a common lin
5-operated diaphragm or from a relief valve:

line having a cross sectional area not less than the area of the largest vent lin
| the additional vent lines.

ith Table 34.1.

Table 34.1
Vent Line Sizing

Hance with the
y, the vent line
/4 in (6.4 mm)

5 that vent into
nt in excess of
the pilot flame
rners shall be

e with a bleed

bnnected to a
e plus 50 % of

Il be sized in

Huel line'size, nominal pipe size Vent line size, nominal pipe size

in (mm) in (mm)
Up to 1-1/2 (38.1) 3/4 (19)
2(50.8) 1(25.4)

2-1/2 (63.5) 1-1/4 (31.8)

3(76.2) 1-1/4 (31.8)
4(101.6) 2(50.8)
5(127) 2(50.8)

6 (152.4) 2-1/2 (63.5)
8(203.2) 3(76.2)

35 Bases

35.1
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36 Heating Surfaces and Combustion Chambers

36.1 Heating surfaces shall be constructed of cast iron, sheet steel, or other material determined to
comply with this requirement. The temperature of the metal shall not exceed the limits specified in Table
48.1, when the boiler assembly is operated under the conditions of the applicable tests in the Temperature
Tests, Section 48. Sheet steel, if used, shall maintain strength, rigidity, durability, resistance to corrosion,
and other physical properties equivalent to AISI 1010 hot rolled sheet steel, as defined in ASTM
A29/A29M, having a minimum thickness of 0.053 in (1.3 mm).

36.2 Joints in heating surfaces shall be welded, brazed, or be made by a machined slip joint, or by
machining, bolting or riveting. A joint shall not depend primarily on cement for tightness. A slip or lap joint
shall not depend solely upon friction of the joint itself for strength.

36.3 Combugtion-chamber (firebox) lining, if used, shall be durable, securely héld ih place, and
accessible for [replacement with equivalent material.

37 Radiation Shields

37.1 A radiafion shield or liner shall be so constructed, formed, and supported to maintaih its intended
positioning and to resist distortion or sagging in service. A shield, or-liner shall be protected against
corrosion if its|deterioration may cause temperatures in excess of those specified in Table 48.1 when the
product is tegted as specified in Temperature Tests, Section/48. Any finish to obtain| the required
resistance to ¢orrosion shall not be damaged by heat when the. boiler assembly is tested gs specified in
the Temperature Tests, Section 48.

38 Materialg in Air Handling Compartments

38.1 Refertq Annex A, Furnaces and Air Heaters (United States only)
39 Casings
39.1 Refertq Annex A, Furnaces.and Air Heaters (United States only)
40 Fuel Lings and Components

40.1 Refer tg Annex ASFurnaces and Air Heaters (United States only)

41 Flue CoIIIars

41.1 A flue collar shall be made of material not lighter than that designated for heating surfaces. Such
collars shall extend through the casing externally a sufficient distance to permit secure attachment of the
vent connector.
42 Air Filters

42.1 An air filter, if supplied as part of the boiler assembly, shall be accessible for inspection or
replacement without the use of special tools and without dismantling the boiler assembly.
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PERFORMANCE
43 General

43.1 The performance of the boiler assembly shall meet the applicable requirements when tested as
described herein when evaluated with each fuel (see 1.4) that the boiler assembly is rated for. A boiler
assembly of a type not described specifically herein shall be tested in accordance with the intent of these
requirements. If any indications are observed during the tests prescribed that a boiler assembly will not
continue to meet the requirements in normal usage so as to provide continued safe performance, such
supplementary tests shall be conducted as deemed necessary to provide safe service.

Exception: When a boiler assembly is rated for hydrogen-natural gas blends, it shall be initially test fired
with natural gas in accordance with this standard. Subsequently, the boiler assembly shdll be test fired
with the interlded hydrogen-natural gas blend to the Burner Assembly Tests, as applicable to the boiler
assembly degign, without any modifications to the burner. See Section 46.

43.2 Boiler pssemblies are tested normally to determine suitability for installation on npncombustible
floors and with clearances to combustible walls and ceilings not less than.indicated in Table 43.1 for the
applicable bdjiler assemblies, unless the manufacturer requests testing ‘at reduced cleafances. At the
option of the|manufacturer, a boiler assembly operating at not moré_than 1000 °F (537 °C) flue gas
temperature fnay be evaluated and tested as suitable for installatiori on combustible floorg and when so
tested at cleafances not less than indicated for Form Il and Formp IiVin Table 43.1 for the applicable boiler
assemblies.

Table 43.1
Standard Clearances
Minimum clearances, in (cm)

Type of appliafice Above Front Vent connector Sides and rear Below
Form XII' 6 (15) 18 (46) 6 (15) 6 (15) -
Form II? 6 (15) 24 (61) 18 (46) 6 (15) -
Form III® 18 (46) 48 (122) 18 (46) 18 (46) -
Form IV* 48 (122) 96 (244) 36 (91) 36 (91) -
NOTES
r11 - I;ot water bgilers and loWw/pressure steam boilers, larger than 100 ft (2.8 m®) in size excluding burner — equipged with draft

ood.
z—erc:t wdater beilers and low pressure steam boilers, not larger than 100 ft3 (2.8 m? in size excluding burner — notfequipped with

raft hood.

3 — Low Heat Industrial Device, for the purposes of this standard, hot water boilers and steam boilers operating at not more than
1000 °F (537 °C) flue gas temperature not classified under Form Il or XII.

4 — Steam boilers, operating in excess of 1000 °F (537 °C) flue gas temperature.

43.3 An evaluation of any condensation that may collect in the flue gas ductwork or components shall be
undertaken to determine the pH content. The pH content is to be measured as undiluted condensate. An
initial condensate sample is to be taken upon a cold start and additional samples are to be taken to be
representative of all firing conditions that produce condensate. The pH measurement is to be performed in
accordance with ASTM E70. If the pH is greater than or equal to 3.0, no further evaluation of the effects of
the condensate is required. If the pH concentration is less than 3.0, the venting system of the appliance
shall be evaluated in accordance with:

a) In the United States, UL 1738; or

b) In Canada, ULC-S636.
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44 Test Installations

441 Floor-mounted boiler assemblies

44.1.1 Boiler assemblies in the as received condition are to be placed in a partial enclosure formed by
two walls of 1 in (25.4 mm) nominal thickness wood boards or plywood 3/4 in (19.1 mm) thick, set at right
angles and finished in flat black. All joints are to be sealed or tight. The walls of the partial enclosure are to
extend 3 ft (0.9 m) beyond the end and side of the boiler assembly and at least 1 ft (0.3 m) above the top of
the boiler assembly. Except as permitted in 43.2, the wall is to be the minimum distance specified in Table
43.1 from the side and back of the boiler assembly; except where the flue gases are vented horizontally

from the back of the boiler assembly, in which case the wall of the enclosure is to be the specified distance
from the nearest point of any draft hood. Power (Steam) boilers need not be placed in the partial enclosure

unless they ar

44.1.2 Asan
the partial tes
specified by 41
within 229 mn
specified in Ta|

44.1.3 If the
the boiler ass|
paper; and thg

4414 Ifab
by the manufa

45 Test Methods

45.1 Firing d

451.1 The
described beldg

45.1.2 Thed

45.1.3 Thefi
equipment bei

b to be tested at clearances less than those designated as Form IV in Table 43

alternative to the above, when tested at clearances designated as Standard
enclosure may be eliminated and thermocouples attached to the‘outer cas
b.2.4 — 45.2.6. The temperature at points on external surfaces of the-boiler ass

n (9 in) of the flue collar or any inspection or relief openingashall not exce
ble 48.1.

boiler assembly is designed for direct installation on.eombustible flooring, the
embly is to be 1 in (25.4 mm) white-pine flooring superimposed by one lay
n by 3/4 in (19.1 mm) plywood, unpainted or finished with clear sealer.

biler assembly is normally insulated in seryice, it may be tested with the cove
cturer as standard equipment.

onditions

tonditions for firing .burners during tests outlined in these requirements
w unless otherwiseditected by an individual test requirement.

raft is to be as,recommended by the manufacturer.

hg fired.

1.

in Table 43.1,
ng panels as
embly, except
ed the values

floor beneath
er of building

ring furnished

are to be as

ring rate of the boiler assembly at high fire is to be equivalent, +2 % to the rated input of the

45.1.4 The firing rate of the boiler assembly at infermediate and minimum firesis To be equivalent, +2 %,
to the manufacturer’'s recommendation.

45.2 Temperature measurements

45.2.1

bead type thermocouples not larger than 24 AWG (0.20 mm?).

Unless otherwise indicated, surface temperatures are to be determined by a potentiometer and

45.2.2 Thermocouples are to be placed on surfaces of the test enclosure at various locations as may be
required to observe maximum temperatures during tests. Where the vent connector pierces the enclosure,
temperature measurements on the inside surfaces of the enclosure are to be made 6 in (152 mm) away
from the vent connector. Thermocouples are to be attached to other pertinent materials and parts, such as
those mentioned in Table 64.1.
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45.2.3 If electrical conductors are involved, temperatures are to be measured on surfaces of the
conductor insulation, which conductors are to be placed against enclosure surfaces they are likely to
touch. The junction of the thermocouple should be held in good thermal contact with the surface of
electrical conductors, preferably with an adhesive or cement. Pressure sensitive tape may be used,
provided good thermal contact is achieved, and provided the application of the tape does not create air
spaces adjacent to the conductor or between layers of tape and provided that the tape has an emissivity
comparable to that of the conductor.

45.2.4 Thermocouples are to be secured to wood surfaces by staples over insulated portion of the wire
and with the tip held in a good thermal contact with the surface by pressure sensitive tape; except that for
zero clearance, the thermocouples are to be applied to surfaces of the boiler assembly at points of zero
clearance.

45.2.5 Ther]nocouples are to be attached to metal surfaces at high temperature by welding, soldering or

lead and the

brazing. The
brazing metal
temperature

provided that

45.2.6 Therln

or taped to th

45.2.7 Unle

attachment should be made with a minimum projection of the thermocouple
outward from the metal surface. Thermocouples may be attached tg;metal su
with cement or pressure sensitive tape, provided good thermal“contact is
the tape does not create an air space adjacent to the metal surfaces.

ocouples are to be attached to surfaces other than as described above by bg
surface in a manner to assure good thermal contact with the surface.

bs otherwise indicated, the limits are based uponthe rise in temperature abo

measured dufing the test as described below.

45.2.8 Temq
three consect

45.2.9 Boile
vertically abo
outlet, to exte
draft hood rel
attached an

sufficient vert
than 5ft6in (

45210 Twd
measurement
hood relief of

eratures are to be ascertained by temperature changes of not more than §
tive readings taken 15 min apart at observed maximum temperature points.

[faces at lower
achieved and

ting cemented

e the ambient

°F (3 °C) for

I assemblies having a vertically\discharging draft hood outlet are to have aftached to and

he draft hood

ve the outlet sufficient uninsulated black-iron vent pipe, the same size as
nd not less than 5 ft (1.52"m) nor more than 5 ft 6 in (1.68 m) above the high

cal uninsulated blagk-iron vent pipe so that the outlet is not less than 5 ft (1.
1.68 m) above thé highest point of the draft hood relief opening.

st point of the

ef opening. Boiler assemblies having a horizontally discharging draft hood ouflet are to have
Iininsulated black-iron. 1.57 rad (90°) elbow, the same size as the draft hopd outlet, and

m) nor more

lines, Antersecting at right angles, are to be established in the horizgntal plane of

whichhisto be located in the vent pipe 4 ft 6 in (1.37 m) above the highest pqint of the draft
ening. They are to be oriented so that they will divide the internal area into gquadrants. One

temperature i

5 to’be taken at the intersection of the two lines. Eight temperatures are to

taken in two

sets of four along each line at points one-third and two-thirds of the distance from the intersection to the
periphery. Temperatures are to be determined with a bead type thermocouple not larger than 24 AWG
(0.20 mm?) placed successively at the specified locations. The flue-gas temperature is to be the arithmetic
average of these nine individual readings.

45.2.11 Boiler assemblies not equipped with draft hoods are to have attached a 3 ft (0.91 m) length of
uninsulated black-iron pipe, the same size as the vent collar or induced-draft fan outlet of the boiler
assembly. The pipe may be attached directly to a vertical or horizontal flue-gas outlet.

45.2.12 Two lines, intersecting at right angles, are to be established in the plane of measurement at right
angles to the axis of the vent pipe within 1 ft (0.3 m) of the normal flue-gas outlet of the boiler assembly.
They are to be oriented so that they will divide the cross-sectional area in the vent pipe into quadrants.
One temperature measurement is to be taken at the intersection of the two lines. Eight temperature
measurements are to be taken, in two sets of four along each line, at points one-third and two-thirds of the

Copyright Underwriters Laboratories Inc.


https://ulnorm.com/api/?name=UL 795 2024.pdf

70 ANSI/CAN/UL 795 FEBRUARY 29, 2024

distance from the intersection to the periphery. The temperature is to be determined with a bead type
thermocouple not larger than 24 AWG (0.20 mm?) successively placed at the specific positions. The flue-
gas temperature is to be the average of these nine individual readings.

45.2.13 Any flue-gas sample is to be taken in a plane in the vent pipe not more than 3 in (76.2 mm) from
the plane of temperature measurement specified above unless the boiler assembly is equipped with a
draft hood in which case the flue-gas sample is to be taken at a location where uniform undiluted samples
can be obtained. Any draft hood relief opening shall be effectively closed when flue gas temperatures are
measured for the purpose of determining stack loss. See 46.2.19.

45.2.14 The water temperature is to be measured by a thermocouple located in the boiler so that the
water temperature 1 in (25.4 mm) below the outlet connection of a hot-water boiler and 1 in (25.4 mm)
below the surface of the water in a steam boiler may be determined.

45.2.15 Stedm pressure is to be measured by a commercial steam gauge of appropriate rapge.

46 Burner Assembly Tests

46.1 Burner|fuel train leak test

46.1.1 When
burner assem
piping and the

a boiler assembly is rated for hydrogen-natural gas, blends and prior to ¢
bly tests within this section, a leak test shall be performed on the manufact
burner fuel train per 46.1.2 and 46.1.3.

bnducting the
ured supplied

46.1.2 The test pressure shall be 1.5 times the maximum rated inlet/supply pressure|to the boiler

assembly or 5|psi, whichever value is greater.

46.1.3 The t¢st gas shall be representative of-the highest volume fraction of hydrogen in the natural gas

blend as spec
inert gas such
substituted for|

46.1.4 The f
complete supy
be no leakage

46.1.5 In acq
(0.2 %) hydrog

fied by the boiler assembly manufacturer. The remaining composition of test g
as nitrogen. For the purpose of this test, an equivalent volume fraction of h
the volume fraction of hydrogen.

el train shall be-disconnected from the burner and outlet piping shall be
ly piping and fuel-train shall be pressurized to the applicable test pressure a
or visible permanent distortion for the specified duration of the test.

ordance with 46.1.4, the use of gas detection equipment having an accuracy
en orhelium, as applicable, shall reveal no leaks at joints and seams once the

as may be an
elium may be

capped. The
nd there shall

of 2000 ppm
supply piping

and burner fue

Itrain have been pressurized to the applicable test pressure.

Exception: The use of pressure gauges, having a minimum accuracy of 5 % of measured value, with a
resolution of no greater than 0.1 psi can be utilized. The pressure gauges must maintain the applicable
test pressure for a minimum duration of 30 minutes.

46.1.6 At the conclusion of the leak test, the fuel train shall be reconnected to the burner and compliance
with 45.1 shall be verified.

46.2 Combustion test

46.2.1 Combustion shall be complete in the space provided by the boiler assembly or, if a burner
assembly in the space recommended by the manufacturer, and no carbon monoxide in concentration in
excess of 0.04 % (400 ppm) shall be present in air free samples of the flue gases taken over the full
operating range of the burner assembly.
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46.2.2 Complete and stable combustion shall be maintained at the minimum rate of firing or during any
sudden change in the gas firing rate between maximum and minimum rates. Ignition shall be
accomplished safely.

46.2.3 A boiler assembly shall be capable of functioning 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 % of the
heat input to the boiler assembly.

46.2.4 The maximum temperature of flue gases during any of the tests in Section 48, Temperature Tests,
at the maximum input recommended by the manufacturer shall not be in excess of the temperatures listed
in Table 46.1. The maximum temperatures specified in Table 46.1 are for the purpose of obtaining
appropriate temperatures on combustible construction in proximity of the chimney or vent connector when
the indicated flearances are maintained. Only appliances equipped with draft hoods or appliances without
draft hoods that exhibit a negative pressure of the flue gases (see 46.2.5) are suitable for"Gonnection to a
Type B gas vent. All other appliances are suitable only for connection to a chimney.

Table 46.1
Maximum Flue Gas Temperatures

Maximum temperature-rise above|ambient
Type of boiler assembly °F (°C)
Appliances equ|pped with draft hoods and appliances intended for 400 (204.4)
connection to a[Type B gas vent
Other appliancgs 850 (454.4)

46.2.5 With|respect to 46.2.4, determination that the flue gases in the vent pipe are|at a negative
pressure are|to be made in the center within“the vent pipe, 6 in (152 mm) down-stream from the
connection of the vent pipe to the flue gas outlet of the appliance. The vent pipe is to bg connected in
accordance with 45.2.11. The pressure.of the flue gases shall be negative at all permitted inputs of the
appliance.

46.2.6 The performance of a birner assembly or boiler assembly during the Combustion test, 46.2, shall
be such that:

a) Igniion is obtained on each cycle within the expected safe period of time.

b) Ignition is*ebtained at each cycle without flash of flame outside the boiler assemply being fired
and without damage to parts of the boiler assembly.

c) Stable fires are obtained at all operating firing rates.

d) The concentration of carbon monoxide in the flue gases is not in excess of 0.04 % (400 ppm) in
an air free sample taken at all firing rates.

e) No soot has been deposited on surfaces of the heat exchanger, flue passages, or vent
connector of the boiler assembily fired for the test.

f) Surfaces of the fire box, hearth, electrodes, and igniters and their insulators are free from
detrimental formation of carbon, soot, and tar.

g) A pilot does not deposit detrimental carbon when adjusted according to the manufacturer's
instructions.
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46.2.7 A burner assembly is to be installed for test in a boiler of a size commensurate with the firing rate
of the burner assembly to be tested. A burner assembly intended for application to a specific boiler
assembly may be tested as applied to that boiler assembly or a representative of the boiler assembly for
which the burner assembly is designed.

46.2.8 All heating surfaces in contact with combustion products and the vent pipe of the boiler assembly
to be fired for the test are to be thoroughly cleaned before the combustion test is begun.

46.2.9 The equipment is to be arranged for operation in accordance with the instructions furnished by the
manufacturer. The equipment is to be fired at a rate within the rating of the equipment. A fire box or hearth,
and the like, as recommended or furnished by the manufacturer, is to be provided for a burner.

D

46.2.10 Test
recommended

are to be conducted at normal gas pressures. The manifold pressurg is to be as

by the manufacturer.
46.2.11 The ment is rated.
nanufacturer's

burner assembly or device is to be fired with the test gases for whigh'the equip

The input, air-
instructions.

46.2.12 A bg
continued ope|
be not greater

fuel ratio, and other operating conditions are to be in accordance ‘with the n

iler assembly is to be fired at rated input and the limit control is to be bypag
Fation when required by a test. During test, the temperature or pressure within
than its rated temperature or pressure, but not less than the appropriate value

sed to permit
he boiler is to
given below:

a) 200 fF (93.3 °C) in a low pressure hot-water boiler:

b) 12 pki (83 kPa) in a low pressure steam boiler:

¢) 95 % of maximum rated temperature in a\nigh-pressure water boiler.

d) 95 % of rated working pressure in a*high-pressure steam boiler.

46.2.13 The
temperature tsg

water level in the boiler(is,to be maintained at normal level. The boiler is to be fired for the

st until equilibrium temperatures are attained.
46.2.14 A burner assembly-of-the ON and OFF type is to be fired 10 min ON and 10| min OFF for
intermittent firing tests.

46.2.15 A mpdulating burner assembly is to be fired in successive cycles, each cycle consisting of 10
min on high fite, 105min on intermediate fire, 10 min on minimum fire, and 10 min off for intg¢rmittent firing
tests.

46.2.16 During test periods, observations and recordings are to be made of the draft on each operating
rate, ignition, and combustion characteristics, combustion-chamber conditions, and any unnatural
performance.

46.2.17 The fuel burning rate, draft over fire CO, and any CO are to be observed and recorded for each
operating fire. For an atmospheric burner consisting of sections or groups of burners that can be operated
as individual burners, tests are to be conducted with different combinations of burner sections or groups
operating at a time.

46.2.18 The duration of these tests is to be that required to obtain conclusive performance data.

46.2.19 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
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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 % of the
gross heating value of the gas being fired. The maximum flue-gas temperature is not to exceed the limits

specified in 46.2.4.

46.3 Combustion air failure test

46.3.1

A boiler assembly equipped with a mechanical-draft burner assembly shall not operate improperly

during interruption and upon restoration of the combustion air supply, as determined by test in accordance
with 46.3.2 and 46.3.3.

46.3.2 The initial conditions for the test to determine conformance to the requirement are to be as

specified for
While the b
combustion i
disconnectin
burneristob

46.3.3 The

control beforg
lighted burne
off may be ad
accordance W
whose maxim
to restart the

46.3.4 A for

ombustion test, 46.2. The test may be conducted during the course of the €d
ner assembly or device is being fired at any operating rate, the fan |su
to be stopped, i.e., by disconnecting the fan motor only from the)electr
any flexible coupling, or by removing any belt needed to drive the)fan. Fu
shut off in accordance with 46.3.3.

uel shall be shut off due to the inherent design of the burner assembly or

any conditions develop that may cause a risk of fire @p explosion. For an
assembly whose maximum rated input does not exceed 2,500,000 Btu/h (73
complished automatically upon restoration of the ajr'supply after completion
ith 46.3.4 and 46.3.5. For a manually lighted burner and for an automatically
um rated input is in excess of 2,500,000 Btu/h 732 kW) a manual reset shal
burner after restoration of the air supply.

chamber, heat exchanger, and flue passages of the boiler assembly to which the burner asg

applied, immd
the main burn

diately before ignition of an intetfupted pilot or intermittent pilot or before del
er for direct ignition by an elegtric igniter, whichever is applicable. Purging sh

a sufficient time to provide a minimum\ef’four air changes of this volume with the air flg

combustion a
assembly. Se

Exception: Fg
the purging
than 90 s.

46.3.5 Purg

r proven to be at a level‘equivalent for combustion at 60 % of the rated high fi
b Table 46.2.

r a burner assembly having an input not exceeding 2,500,000 Btu/h (732 kW),
ay be accomplished at a damper opening that provides at least four air chang|

b péeriods at air flow rates not less than those indicated in (a) and (b) may be

mbustion test.
bplying air for
cal circuit, by
el to the main

by action of a
automatically
P kW) the light
bf the purge in
lighted burner
be necessary

ced or induced draft burner assembly-shall provide preignition purging for the combustion

embly is to be
very of gas to
hll continue for
w proven and
re of the boiler

as an option,
es in not more

considered as

providing purging’in accordance with 46.3.4:

a) A purge period of 30 s, during which time air flow at a rate equivalent to that provided for
combustion at rated, high-fire input of the burner assembly or device is obtained; or

b) A purge period of 60 s, during which time air flow at a rate equivalent to that provided for
combustion at 60 % of rated, high-fire input of the burner assembly or device is obtained.
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Table 46.2
Required Programming and Timings Based on Maximum Fuel Input Rating

Operation

Maximum firing rate per combustion chamber

Above 400,000 Btu/h
(117,228 W) to
2,500,000 Btu/h (732,678
w)d

Above 2,500,000 Btu/h
(732,678 W) to
5,000,000 Btu/h (1,465,356
w)

Above 5,000,000 Btu/h
(1,465,358 W) to
12,500,000 Btu/h

(3,663,389 W)f

Prepurge period

Pilot ignition type and flame
establishing period

Main burner flame establishing

Required, see 46.3.4.

Intermittent or interrupted,
15 s maximum®

Required, see 46.3.4.

Interrupted, 10 s maximum

Required, see 46.3.4.

Interrupted, 10 s maximum

period
Ignited by pil
Direct ignitio
Flame failure rea

Safety shutoff va
after de-energiz3

Action required

Combustion air

Action required
combustion air

Gas pressure sy

ction time®

Ive closing time
tion

n flame failure

Proven low fire gtart

roving

n loss of

pervision

15 s maximum
4 s maximum

4 s maximum
5s maximum

One recycle permitted
Not required
Required

Safety shutdown except may
recycle once.

Low and high gas pressure
switches required for direct
ignition, not required for
piloted ignition systems®

10 s maximum
4 s maximum?

4 s maximum
1 s maximum

One recycle permitted
Required
Required

Safety shutdown except may
recycle.once.

Low and high gas pressure
switches required

10 s maximum
4 s maximum

4 s/maximun
1 s maximun

Safety shutd¢wn required

Required
Required

Safety shutdpwn

Low and high gas pressure
switches required

@ Maximum fuel
CSA CGA 34.

® The flame-faily
shutoff device (s

¢ The pilot flame

4 These requiren
(400,000 Btu/h).

nput at light off not to exceed 2,500,000 Btu/h (732,678 W). See Ignition Systems — General sectign in UL 295, or
Fe reaction time is to be consideredsthe interval between the actual flame extinguishment and the
Lch as a gas valve) is de-energized.
establishing period shall not.exceed 4 s if the pilot input exceeds 400,000 117 Kw (Btu/h).

hents also apply to gas-fired high-pressure steam and high temperature water boiler assemblies up to 117,228 W

ime the safety

¢ See Gas Presgure Controls segtion-in UL 295, or CSA CGA 3.4.

f For packaged Hoilers havinga maximum firing rate per combustion chamber in excess of 12,500,000 Btu/h (3,663,388 W), the
requirements forloperation’indicated are applicable.

46.4 UnderV|oltage test

46.4.1 A boiler assembly shall operate in accordance with these requirements when tested at a voltage
of 85 % of rated voltage for alternating current or 80 % of rated voltage for direct current equipment.

46.4.2 The initial conditions for test are to be as specified for Combustion test, 46.2. The test may be
conducted during the course of the combustion test. The voltage of the power supply to the burner
assembly or device is to be regulated to maintain the minimum voltage specified and the burner assembly
ignited and fired at high fire in the intended manner until steady-state conditions are attained.

46.4.3 The performance of the burner assembly or boiler assembly shall be such that:
a) Ignition of the main burner flame is effected as intended during the five ignition trials;

b) Flames do not flash outside the boiler assembly being fired nor damage appliance parts;
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c) Combustion is complete and stable;

d) The concentration of carbon monoxide in an air free sample of the flue gas taken at the high-fire
rate does not exceed 0.04 % (400 ppm); and

e) The burner assembly is capable of operation without interruption.

46.5 Power

46.5.1

interruption test

A boiler assembly equipped with a power operated burner assembly or device shall not operate

improperly upon interruption of the power supply. Upon restoration of the power supply, the burner
assembly or device shall require manual restart or shall safely resume normal operation automatically.

46.5.2 The ipnitial conditions for test to determine conformance to the requirement areto’l
for Combustign test, 46.2. The test may be conducted during the course of the combustion
burner assenlbly or device is being fired at any operating rate, the power supply ds.to be in
power is then| restored after being interrupted for any period of time. The gas safety valve(

energized an

46.5.3 The

action of a sa
assembly upg
automatically

46.54 A bd
functioning in
accordance W
See Pilot sup
wire — UnderV

46.6 Pilots

46.6.1 Pilot
ignite the fuel
the primary s3

46.6.2 The
Before a test
the primary sg

fuel to the main burner shall be shut off within the time limit specified in Table

uel is to be automatically shut off due to the inherent design of the burner &
fety control. In such case, the burner assembily is to require manual restart to
n restoration of the power supply, or an automatically lighted burner assemi
upon restoration of the power supply provided safe ‘automatic reignition is obta

rner assembly or device equipped with _multiple igniters, each of which
ith the following requirements, any oneligniter will effect ignition while the othe
oltage test, 46.8.

Lipervision test

supervision by a safety‘control shall be only at a point where the pilot flame

at the main burneror burner group with the pilot burning with any flame capah
fety control.

s beguns-the gas supply to the pilot is to be regulated to provide any flame wh
fety control. At least five trials are to be made for each pilot flame tested.

e as specified
test. While the
terrupted. The
5) shall be de-
(6.2,

ssembly or by
fire the burner
ly may restart
ined.

is capable of

dependently of the others, shall be so<designed that when the equipment is tested in

rs are inactive.

brvision test, 46.6, Ignition, gas-electric high tension test, 46.7, and Ignition, gas-electric hot-

will effectively
le of actuating

est to détermine conformance is to be made in conjunction with Combustion test, 46.2.

ch will actuate

46.6.3 The combustion detector of a primary safety control which is capable of detecting the presence of
an ignition spark shall be so positioned that the combustion detector shall respond to flame properties
only. At the rated voltage, the signal strength due to an ignition spark shall be not more than 50 % of the
signal strength required to hold in the flame relay at 110 % of rated voltage.

46.6.4 The test to determine conformance is to be made in conjunction with Combustion test, 46.2.
Before a test is begun, the gas supply to the pilot is to be shut off. Five trials are to be made to determine
that ignition spark, or reflection from any part of the burner assembly or device capable of reflecting the
spark, will not result in a signal strength in excess of that specified. Each trial shall extend for the designed
pilot flame establishing period.
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46.7 Ignition, gas-electric high tension test
46.7.1 A gas-electric high tension ignition system, arranged for initially igniting a gas pilot, shall ignite the

pilot upon admission of pilot gas in accordance with 46.7.3 — 46.7.5. The pilot, in turn, shall effect ignition
of the main burner fuel as introduced into the ignition zone.

46.7.2 An electric high tension ignition system arranged for ignition of main burner gas directly shall
effect the ignition when tested in accordance with 46.7.3 — 46.7.5. See also 46.12.1 — 46.12.3.

46.7.3 The burner assembly or device, arranged and installed as specified for Combustion test, 46.2 is to
be tested for conformance after it has been subjected to the combustion test. The spark gap or gaps are to
be adjusted to_the maximum recommended by the manufacturer, but a gap is to be not less than 1/16 in

(1.6 mm).

46.7.4 They
and the voltag
for alternating

46.7.5 The &

made. If the burner assembly or device is to employ an interchangeable transformer, th

interchangeab

pltage of the power supply to the ignition system is to be regulated to 70,% of
e of the power supply to the safety control circuit is to be regulated-t6)85 % of
current equipment and 80 % of rated voltage for direct current equipment.

urner assembly or device and ignition circuits are to bekeneérgized. Five tri

le test transformer is to be applied to the burner assembly or device and five a

rated voltage,
rated voltage

als are to be
e appropriate
dditional trials

for ignition ar¢ to be made. During each trial, ignition is to bedeffécted safely and no flame is to flash

outside the bo
46.8

46.8.1 When
specified here
be obtained. T
voltage below
higher. See 4
positive mean
voltage for alt
46.8.4.

46.8.2 A pog
voltage is one
value and will
value after an

Ignition, gas-electric hot-wire — Undervoltage test

ler assembly being fired.

a gas-electric hot-wire ignition systém is energized at a reduced voltage
n and with the combustion air supptied at room temperature, no improper perf
[he voltage shall be not less than' 70 % of the rated voltage or not less than
which the burner or device-is restrained positively from attempting ignition
b.8.2. This requirement/does not apply to a burner assembly or device eq
5 to reduce the risk of the“equipment attempting ignition at voltages less than
brnating current equipment or 80 % of rated voltage for direct current equipm

that will-always reduce the risk of an attempt to start when the voltage is be|
disconnect the burner assembly from the power source if the voltage drops be
pttempt to start has begun.

not less than
brmance shall
the minimum
whichever is
Lipped with a
85 % of rated
ent. See also

itive means<for reducing the risk of a burner assembly attempting ignition below a given

Jow a specific
low a specific

46.8.3 The burner assembly or device, arranged and installed as specified for Combustion test, 46.2, is
to be tested for conformance to 46.8.1 after it has been subjected to the combustion test.

46.8.4 The voltage of the power supply to the burner assembly or device is to be regulated to a value not
less than specified in 46.8.1. The equipment is to be energized. Five trials are to be made at each test
voltage. If ignition is effected, such ignition is to be effected safely and no flame is to flash outside the
boiler assembly being fired.

46.9 Ignition, gas-electric hot-wire — Igniter endurance test

46.9.1 The igniter of a gas-electric hot-wire ignition system shall be capable of functioning as intended
for at least 6000 ignition cycles when tested in accordance with 46.9.2.
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46.9.2 Three samples of the igniter are to be tested. The ignition system is to be connected to a power
source having a voltage equivalent to 110 % of the rated primary voltage of the ignition system. 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 boiler assembly. The duration of the OFF
period is to be twice the ON period. 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. There is to be no electrical or mechanical failure of the igniters

during the test.
46.10 Ignition, gas-electric hot-wire — Temperature test
46.10.1 Parts of a gas-electric hot-wire ignition system shall not attain temperature rises in excess of

those indicatdd for such parts in Column 1, Table 48.1 when the system is energized as des¢ribed below:

a)As
until e

stem designed to automatically recycle on ignition or flame failure shalkbe al
huilibrium temperatures are attained by the parts;

lowed to cycle

b) A system designed to require manual reset upon ignition for flame failure shall be energized and
then re¢set as quickly as the system will allow after lockout until five attémpts for ignifion have been
made;

c) A system which remains energized upon ignition failuresshall be energized continuously until
equiligrium temperatures are attained by the parts;

d) A system manually energized by means of a momentary contact switch which cannot be left in
the ON position shall be energized for 5 min; or

e) A system manually energized by means ofia switch which can be left in the ON pgsition shall be
energiged continuously until equilibrium temperatures are attained by the parts.

46.10.2 Tes
for Combustid
46.11 Igniti
46.111 ADb
so that, when

be ignited by
when the fuel

to determine conformance with46.10.1 is to be made with the burner installe
n test, 46.2, but with the fuielsupply to the burner shut off during attempted trig

bn, multiple burner test

iler assembly employing multiple burners which are automatically lighted sha
tested in aceardance with 46.11.2 and 46.11.3, the fuel delivered for combusti

delivered’by any one or more burners is interrupted during an ignition or firing

d as specified
Is for ignition.

Il be designed
bn by each will

the flame\at-each other. Furthermore, no improper ignition or combustion shall be obtained

cycle.

46.11.2 The

initial conditions for test to determine conformance to 46.11.1 are to be a

5 specified for

Combustion test, 46.2. If more than one igniter capable of functioning independently of the others is
provided, all but one igniter is to be deactivated. The burner assembly or device is to be energized to fire in
accordance with its designed sequence of operation. Five trials for ignition are to be made. The test is to
be repeated with each additional igniter in turn activated while all others are deactivated. During each trial,
ignition of the fuel as introduced into the ignition zone by each burner is to be effected safely, no flame is to
flash outside the boiler assembly being fired, and stable combustion is to be maintained.

46.11.3 The initial conditions for this test are to be as specified for Combustion test, 46.2. The burner
assembly or device is to be energized to fire in accordance with its design sequence of operation. Five
attempts to initiate firing are to be made for each test. The port(s) of one burner is to be plugged and the
assembly energized for firing. The test is to be repeated with any other burner(s) plugged. During each
test, fuel introduced into the ignition zone is to be ignited as intended, no flame is to flash outside the boiler
assembly being fired, and stable combustion is to be obtained.
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46.11.4 During this test multiple burners with more than one igniter capable of functioning independently
shall light safely when all but one igniter is deactivated; an automatically lighted multiple burner delivering
main gas fuel through the ports of more than one orifice shall be equipped with an igniter capable of
providing safe ignition when the orifice of one burner adjacent to the igniter is plugged; and with the initial
plugged orifice unplugged and any other one burner orifice plugged. Intended ignition of all gases from the
other burner ports shall occur.

46.12 Delayed ignition test

46.12.1 For a boiler assembly that is arranged for ignition of the main burner gas directly by an electric
igniter or on which the input of the pilot exceeds 400,000 Btu/h (117 kW), delay of the ignition shall not
result in flashback of flame to the outside of the appliance or any damage to the appliance and the

connected ver

46.12.2 The
to the electric
a controlled p

energized at the rated voltage.

46.12.3 Ignit

from the time the gas valve is energized. The test is then to be repeated with the delay periog

increased by
employed. Thg
trials.

47 Operatio
471

47.1.1 When
assembly deli
requirements.

4712 Theli
31.4.1. The bd
to the minimu
high and low f
OFF type ope
shall also be b

Boiler assembly limit control cutout test

t system when tested in accordance with 46.12.2 and 46.12.3.

boiler assembly shall be arranged as specified for Combustion test, 4612, exc|
gniter is to be connected through a switching device so that energization can |
eriod of time. The tests are to be conducted with both the controlsystem g

on of the main burner or the pilot, whichever is applicable; is to be delayed

1 s, up to the maximum flame establishing periodvof the primary safety (
b ignition of the main burner or the pilot shall be.in accordance with 46.12.1 f

h Tests

tested as described below,a limit control shall function to reduce the ri
vering water or steam at a‘*temperature or pressure in excess of that spec

Mit control is to,be_adjusted, as applicable, per the setting requirements of 31|
iler assembly.is-to be placed in operation. An auxiliary limit control, if adjustab
M allowable“setting. A modulating type control provided to regulate the fuel i
re valugs,shall be bypassed to permit the boiler assembly to operate on high
ating-eontrol, set to shut off the burner at a setting below the set point of the li
ypassed during this test.

ept the power
pe delayed for
nd the igniter

nitially for 1 s
successively
ontrol that is
br each of the

bk of a boiler
fied by these

B.2, 31.3.3, or
e, is to be set
nput between
fire. The ON-
mit control(s),

47.1.3 The boiler is to be filled to a normal level with water. A steam or a hot water boiler is to be
provided with a pressure relief valve.

47.1.4 A slow closing valve is to be placed in the steam outlet line of a steam boiler.

47.1.5 For a hot water boiler, the water temperature is to be measured by a thermocouple placed as
described in 45.2.14. The inlet and outlet water valves are to be adjusted in such a manner that some hot
water is passing the thermocouple bead during the test. The boiler is to be fired at rated input and the
water control valves adjusted or the steam outlet closed until the limit control functions. Neither the
maximum water temperature in the boiler nor the pressure is to exceed the values indicated in Section 31,
Limit Controls.
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48 Temperature Tests

48.1 General

48.1.1 When a boiler assembly is tested in accordance with these requirements, no part shall attain a
temperature sufficient to damage required corrosion protection, to adversely affect operation of safety
controls, to impair the value of required thermal or electrical insulation, nor to cause creeping, distortion,
sagging, or similar damage when such damage to the material or part may cause the equipment to
become unsafe for use. The temperature rises at specific points shall be not greater than those specified
in Table 48.1 unless otherwise indicated. See Continuous operation test, 48.2.

Table 481
Maximum Temperature Rises
Maximum rise above inlet-air temgerature?
Column 1 Cojumn 2
ltem °F (°C) °F (°C)
Surfaces of testlenclosure, ceiling, walls, and the like 90 (50) 175 (97)
Surfaces of floof beneath and within 3 feet (0.91 m) of a device to
be classified forjinstallation on combustible floors 90 (50) 175 (97)
Surface of devige in lieu of test structure — standard clearances 180 (100) 310 (173)
Surface of devige in lieu of test structure — increased clearances 280 (156) 490 (272)
Surfaces of devjce at points of zero clearance to test structure or
exterior surfacef, vent pipe excepted, of a portable or mobile
heater 90 (50) 175 (97)
Air filters 90 (50) 175 (97)
Diaphragms, ngnmetallic Aluminum alloys: 73 (41) 84 (47)
1100 330 (183) 430 (239)
3003 430 (239) 530 (294)
2014, 2017, 2024, 5052 530 (294) 630 (350)
Flame spreadels and combustion heads:
Gray cast fron 930 (517) 930 (517)
Chrome alfoy cast iron, 0%5.511.0 percent chrome, 1230 (683) 1230 (683)
0.2 - 0.5 percent nickel or copper
Ductile, nodular, €ast iron 1230 (683) 1230 (683)
Types 501| 502)iron-chromium steels 1230 (683) 1230 (683)
Type 430 iron-chromium steel 1430 (794) 1430 (794)
Type 442 iron-chromium steel 1560 (867) 1560 (867)
Type 446 iron-chromium steel 1560 (867) 1560 (867)
Type 309 iron-chromium-nickel steel 1730 (961) 1730 (961)
Flue-gas baffles:
Aluminum coated steel 1030 (572) 1030 (572)
Ceramic coated steel (A19 or equivalent) 1030 (572) 1030 (572)
Low carbon steel 930 (517) 930 (517)
Gray cast iron 930 (517) 930 (517)
Ductile, nodular, cast iron 1230 (683) 1230 (683)

Table 48.1 Continued on Next Page
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Table 48.1 Continued

Maximum rise above inlet-air temperature?
Column 1 Column 2
Item °F (°C) °F (°C)
Chrome alloy cast iron, 0.5 — 1.0 percent chrome, 0.2 - 0.5
percent nickel or copper 1230 (683) 1230 (683)
Types 501, 502 iron-chromium steels 1230 (683) 1230 (683)
Type 430 iron-chromium steel 1430 (794) 1430 (794)
Type 442 iron-chromium steel 1560 (867) 1560 (867)
Type 446 iron-chromium steel 1560 (867) 15860 (867)
Type 309 irpn-chromium-nickel steel 1730 (961) 1730 (961)
Heating surfaceg:
Aluminum ¢oated steel 1030 (572) 1130 (648)
Ceramic copted steel (A19 or equivalent) 1030 (572) 1130 (648)
Low carbor] steel 830 (461) 930 (517)
Gray cast ifon 830 (461) 930 (517)
Chrome allpy cast iron, 0.5 — 1.0 percent chrome, 0.2 — 0.5
percent nickel or copper 1010 (561) 1110 (617)
Type 410 irpn-chromium steel 1080 (600) 1180 (656)
Type 430 irpn-chromium steel 1430 (648) 1330 (738)
Type 442 irpn-chromium steel 1560 (867) 1660 (922)
Type 446 irpn-chromium steel 1560 (867) 1660 (922)
Type 321 irpn-chromium-nickel steel 1340 (744) 1530 (850)
Type 347 irpn-chromium-nickel steel 1375 (764) 1530 (850)
Type 316 irpn-chromium-nickel steel 1440 (800) 1580 (878)
Type 309 irpn-chromium-nickel steel 1345 (747) 1545 (858)
Aluminum coatefl steel liners and radiation shields® 830 (461) 830 (461)
Galvanized stee|° 480 (267) 630 (350)
Points on or within a terminal box of compartment, unless marked
in accordance with 66.1(h) 63 (35) 108 (60)
Wire, coded 25 °C (45 °F) less than Temperature rating in
temperature rating in NFPA 70
NFPA 70
Appliance wiring| matetial®
75 °C rating 90 (50) 117 (65)
80 °C rating 99 (55) 126 (70)
90 °C rating 117 (65) 144 (80)
105 °C rating 144 (80) 171 (95)
200 °C rating 315 (175) 360 (200)
250 °C rating 405 (225) 450 (250)
Flexible cord —
Types SO, ST, SJO, SJT 63 (35) 108 (60)
GTO cable 63 (35) 108 (60)
Electrical insulation material

Table 48.1 Continued on Next Page
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Table 48.1 Continued

Maximum rise above inlet-air temperature?®

Column 1 Column 2
ltem °F (°C) °F (°C)

Class A insulation on coil windings of alternating-current motors
having a frame diameter of more than 7 inches (178 mm) of
direct-current motors, and of universal motors.9!
In open motors —

Thermocouple method 117 (65) 208 (115)

Resistance method 135 (75) 208 (115)
In totally enclostd motors —

Thermocofiple method 126 (70) 208 (115)

Resistancg¢ method 144 (80) 208 (115)
Class A insulatipn on coil windings of alternating current motors
having a frame fiameter of 7 inches or less, (not including
universal motor).%!
In open motors

Thermocotiple or resistance method 135 (75) 208 (115)
In totally enclospd motors —

Thermocotiple or resistance method 144 (80) 208 (115)
Class B insulatipn on coil windings of alternating current motors
having a frame fliameter of more than 7 inches, of direct-current
motors and of upiversal motors.9
In open motors |-

Thermocofiple method 153 (85) 252 (140)

Resistancg method 171 (95) 252 (140)
In totally enclosEd motors —

Thermocotiple method 162 (90) 252 (140)

Resistancg¢ method 180 (100) 252 (140)
Class B insulatipn on coil windings of\alternating current motors
having a frame fliameter of 7 inches or less, not including
universal motorg.9!
In open motors |-

Thermocoliple orresistance method 171 (95) 252 (140)
In totally enclospd motors —

Thermocouple or resistance method 180 (100) 252 (140)
Class 105 insulation on coils other than motor coils®

Thermocouple method 117 (65) 208 (115)
Class 130 insulation on coils other than motor coils® 153 (85) 252 (140)
Class 155 insulation

Not specified As determined by test

Class 180 insulation
Fuses* 17 (65) Not specified
Varnish-cloth insulation 108 (60) 153 (85)
Phenolic composition employed as electrical insulation or as a
part whose deterioration will result in a risk of fire or electric
shock® 225 (125) 270 (150)
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Table 48.1 Continued

Maximum rise above inlet-air temperature?
Column 1 Column 2
Item °F (°C) °F (°C)
Fiber employed as electrical insulation 117 (65) 162 (90)
Class 2 transformer enclosure 108 (60) 153 (85)
Power and ignition transformer enclosure 117 (65) 162 (90)
Capacitors — Electrolytic type" 72 (40) Not specified
Other types' 17 (65) Not specified
Sealing compou[tds MaximumT Temperatare 15 - C (27 - F)1es35 than the melting
point

@ The specified
in a risk of fire, e

® The specified 1
otherwise the all

° The specified n
surface is utilize:
4 The limitations
investigated and
case attain temp
rubber-insulated
more than (63 °H
does not apply t
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for example, a ¢
1/32inch (0.8 m
alternating curre
mounted on the
by an external s
A insulation on ¢

diameter of 7 ing
insulation on coi
including univers
motors having a
maximum, provi
the table.

fFor an electroly
integral with the

universal motorg; 18 °F (10 °C). For Column 1 limits(for Class B insulation on coil windings of alternating current m
hes (178 mm) or less, open type, not including universal motors; 27 °F (15 °C), for Column 1 limits{ for Class A

haximum temperature rises apply to parts of a burner assembly or appliance if malfunction ‘of\the p
ectric shock, or injury to persons.

haximum temperature rise applies if the reflectivity of aluminum coated steel is utilized\te' reduce a
bwable temperature rise is as given under Heating Surfaces.

aximum temperature rises apply if the galvanizing is required as a protective‘coating or the reflect
i to reduce a risk of fire.

on rubber and thermoplastic insulation and on phenolic composition do not apply to compounds wj
found to be acceptable for higher temperatures than those specifiedin Table 48.1. Thermoplastic
erature at which the material begins to flow. Rubber-insulated coriductors within a Class A insulatg
motor leads, and a rubber-insulated flexible cord entering a moter may be subjected to a tempera
) 35 °C, provided that a suitable braid is employed on the conductor of other than a flexible cord. H
thermoplastic-insulated wires or cords. See note g.

temperatures are to be measured by thermocouples unless the coil is inaccessible for mounting o
il immersed in sealing compound or unless the coil'wrap includes thermal insulation or more than
M) maximum, of cotton, paper, rayon, or the like. For a thermocouple-measured temperature of a g
ht motor, other than a universal motor, having.adiameter of 7 inches (178 mm) or less, the thermo
ntegrally applied insulation on the conductor.\At a point on the surface of a coil where the tempera
urce of heat, the temperature rise measured by a thermocouple may be 9 °F (5 °C) for Column 1 |
pil windings of alternating current motorsthaving a diameter of 7 inches (178 mm) or less, open tyQ

windings of alternating current'motors having a diameter of more than 7 inches (178 mm), open ty
al motors; and 36 °F (20 °€), for Column 1 limits for Class B insulation on coil windings of alternati
diameter more than 7,inches (178 mm), open type, not including universal motors, more than the i
ed that the temperature’rise of the coil, as measured by the resistance method, is not more than t

tic capacitor which'is physically integral with or attached to a motor, the temperature rise on insula
Capacitor enelosure may be not more than 117 °F (65 °C).

9 A capacitor wh
temperature ra

ti
" This is the diar:[

ch operates’at a temperature higher than 117 °F (65 °C) rise may be judged on the basis of its ma
g.

art may result

risk of fire;

ivity of the

hich have been
shallin no

d motor,

ure rise of
owever, this

these devices,
two layers,

oil of an

touple is to be
ure is affected
mits for Class
e, not including
tors having a

pe, not

hg current
hdicated

hat specified in

ing material

ked

eter) measured in the plane of the laminations, of the circle circumscribing the stator frame, exclu

ing lugs,

boxes, and the li

ke, used solely for motor cooling, mounting, assembly, or connection.

" Includes both casing and ferrule. However, a temperature not more than 20 °C (36 °F) higher than the values indicated in the
table is acceptable on the casing (not ferrule) of a Class G, J, T, or L fuse.

48.2 Continuous operation test

48.2.1

The boiler assembly is to be operated under the conditions as specified for Combustion test, 46.2.

During this test, the temperature rise above ambient or inlet air, as the case may be, for any item is not to
exceed the value indicated for such item in Column 1 of Table 48.1.
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49 Low Water Cutoff of Boilers Test

49.1 A boiler equipped with a low water cutoff control or controls for compliance with 31.2 shall be
subjected to tests to determine that the low water condition in the boiler results in burner shutdown and
safety shutdown in accordance with 49.2 — 49.5.

49.2 The test is to be started with the normal water level in the boiler and the burner firing at any
convenient input. Any water feed to the boiler is to be turned off during the test. The boiler water is then to
be drained slowly until the burner is shut off by the action of the low water cutoff control. If the boiler is a
hot water boiler that is provided with a single low water cutoff control, the draining of the water is to be
discontinued and it is to be determined that the burner operation cannot be restored without a manual
reset (see 49.4 and 49.5). If the boiler is provided with a second low water cutoff control and the control

that operated

49.3 Aftero
operation of t
water cutoff o

determined th

49.4 With re

manual reset
whose action

49.5
delay feature,

in compliancs

before the wa

50 Short-Circuit Test

50.1

protected by:

a)Ad

produc

b) A |

name

If any @

Inheremt overheating-protective~devices, bonding conductors or connections when
conductors o

is of an automatic reset type, the test is to be continued in accordance with 49,

beration of the automatic reset type low water cutoff, it is to be electrically by
e burner is resumed. The draining of the boiler water is to be continued until t
berates to shut down the burner. At that point the draining is to be'discontinueg
at operation of the burner cannot be resumed without a manual restart. See 49

spect to 49.2 and 49.3, determination that a burner operation cannot be resu

provided safety shutdown has operated and requir€s ‘a’'manual reset.

f the controls whose operation is being tested‘in-accordance with 49.2 —49.4 i
it shall be determined that the time delay.fram burner shutdown to safety shu
with 31.2.5. The burner shutdown by the control that causes safety shutdo

ter level falls below the lowest level pefmitted by 31.2.2 — 31.2.3.

f multiple motor circuits”shall withstand short-circuit and ground-fault co
evice that has 'been found to be acceptable for branch-circuit protection and
t; or

ranch-gircuit protective device of the type and maximum rating specified g
late.

3.

passed so that

he second low
and it is to be

.4 and 49.5.

med without a

can be made by increasing the water level in the bgiler or by observing that the control

hcludes a time
tdown shall be
ivn shall occur

required, and
nditions when

located in the

n the product

There shall be no damage to conductors or their terminations, no ignition of cheesecloth surrounding the
enclosure housing of the components under test, and no arc-over between line- and Extra-Low-Voltage

circuits.

50.2 For the purpose of these tests:

a) Circuit breakers and fuses are not considered to be interchangeable;

b) Fus

es of the same rating are considered to be interchangeable;

c) HACR Type circuit breakers of the same rating are considered to be interchangeable; and

d) Other types of circuit breakers are not considered to be interchangeable with each other or with

HACR
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50.3 The device is to be connected in a circuit having a capacity based on the full-load current and
voltage rating of the device. See Table 50.1. The full-load current is determined by adding the motor full-
load current of each other motor, as determined in accordance with:

a) In the United States, NFPA 70; or

b) In Canada, CSA C22.1,

for the marked horsepower (W) rating of the motor, and the current rating of each other load. Each
simultaneous load condition is to be considered separately, and the maximum resulting current employed
as the basis of selection of the capacity of the test circuit. The voltage source for the test circuit is to be an
alternating current supply and the circuit capacity is to be measured without the device in the circuit.

Table 50.1
Short Circuit Test Currents
Full-load current rating of device, amperes
Single phase Circlit capacity,
15V 208V 230-240V 277V amperes
9.8 orles 5.4 orless 4.9orless - 200
9.9 -16.0 55-8.8 5.0-8.0 6.65 or less 1000
16.1-34.p 8.9-18.6 8.1-17.0 - 2000
34.1-80.p 18.7-44.0 17.1-40.0 - 3500
Over 80.( Over 44.0 Over 400 Over 6.65 5000
Three phase Circpit capacity,
208V 220-240V 440-480V 550 — 600 V amperes
212 orlesp 2.0orless - - 200
2.13-3.1 21-36 1.8 orless 1.4 orless 1000
3.8-95 3.7-96 - - 2000
9.6 —23.3 9.7-220 - - 3500
Over 23.3 Ovef 22.0 Over 1.8 Over 1.4 5000

50.4 A nonrgnewable cartridge fuse is to be connected in series with the device. A new fude and device,
connection, orlconductor are to be used for each test.

50.5 Exceptfas indicated in 50.7 and 50.8, an overcurrent protective or a thermal protectivie device on a
boiler assembly having more than one motor wired for connection 1o one supply line shail withstand short
circuiting without creating a risk of fire or electric shock when protected by a fuse rated at 400 % of the full-
load current of the largest motor of the group plus an amount equal to the sum of any additional loads
supplied. There shall be no ignition of cheesecloth surrounding the enclosure of the protective device
when samples are subjected to the Short-Circuit Test.

50.6 The nearest standard size fuse, rated not higher than the current indicated in 50.5 but not less than
15 A, is to be employed for the test. The maximum fuse size marked on the boiler assembly, see 66.6,
shall not exceed this value.

50.7 With reference to 50.5, the protective device may be tested with a fuse having a lower rating than
indicated; provided the boiler assembly will start and operate without blowing the fuse and is marked to
indicate such a maximum limit of fuse protection.

50.8 The test specified in 50.1 may be waived if:
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a) A thermally protected motor or a separately enclosed motor-overload protective device is within
an outer cabinet of a product or section of the product;

b) The motor or device is intended to be protected by a fuse or HACR Type circuit breaker as
specified on the boiler assembly nameplate or provided as part of the product and is acceptable for
branch-circuit protection;

c) The assembly is constructed so that flame and molten metal will be confined within the cabinet;

and

d) Combustible material, except electrical insulation or an air filter, is not located below the motor
and has the characteristics specified 13.18(e) and 13.19.

e) Sh

50.9 For th
consideration

used for each test. The conductor and connection to be tested are to be conhected in s
fotective device. Consideration is to be given to both .short-circuit ang ground-fault

overcurrent-p
conditions. T
with Table 50
the test circui

determined t¢p meet the performance requirements of this standard. None of the cond

terminations s
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1rt—circuiting between live parts of different circuits will not result.

test specified in Exception No. 2 to 17.2.3, three samples of each co
are to be subjected to each test condition specified and a new protective ¢

e capacity of the circuit is to be based on the ratings of the.boiler assembly
|1 and is to be measured without the lead to be tested incthe circuit. The volt
is to be rated voltage and the power factor is to be 0:9'— 1.0 unless a lower

hall be damaged as a result of this test.
l Test, Hazardous-Voltage Transformers

rdous-Voltage transformer provided with thermal protection of other than the
type (see 18.2.1) shall be subjected,to the test described in 51.4 and 51.5.

ratures of a thermally protected Hazardous-Voltage transformer, measured on

or the class of insulation;-such as 221 °F (105 °C) for Class 105 insulation, 2
insulation, and the like.

following the

51.4 Three gamples of the transformer-protector combination are to be tested. Average tqg
the three samples.shall not to exceed the winding-insulation rating and the temperature of a
shall not to exceed the insulation rnfing hy more than 9 °F (F\ °(‘)

nsformer shall\comply with the Dielectric Voltage-Withstand Test, Section 5!
st specifiedin 51.4 and 51.5.

hductor under
evice is to be
eries with the

in accordance
hge source for

bower factor is
ictors or lead

nonrenewable

the surface of

shall not exceed the insulation-temperature rating. Insulation-temperature rating is defined

56 °F (130 °C)

B, immediately

mperatures of
Ny one sample

51.5 A variable-resistance load is to be connected to the output terminals and the transformer is to be
operated continuously at rated voltage. If the protective device controls a switching device that, in turn,
interrupts primary current to the transformer, the switching device is to be in the circuit. The ambient
(room) temperature during the test is to be approximately 77 °F (25 °C). The resistance load is to be
adjusted so that the transformer winding is brought to a stabilized temperature of approximately 18 °F
(10 °C) below its insulation rating. The load is then to be gradually increased until operation of the
protector occurs.

52 Burnout

52.1

Test, Hazardous-Voltage Transformers

shall be no emission of flame or molten metal from the transformer enclosure.
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Exception: A Hazardous-Voltage transformer that is provided with thermal-overload protection of other
than the nonrenewable thermal-cutoff type (see 18.2.1) or that is protected by an overcurrent device, or
devices, in accordance with the requirements in 18.2.4 need not be tested.

52.2 Three samples of the transformer are to be operated continuously at rated voltage, and at rated
frequency, with the enclosure grounded. The test is to be conducted at ambient (room) temperature of
approximately 77 °F (25 °C) and operation is to be continued until:

a) Burnout occurs; or

b) Constant temperatures are indicated by a thermocouple secured to the transformer enclosure.

H H H b L - b () £ b (] ol 4l - L bl l b
The test circuitistobe protectieu oy Tuses rateua ot ess tharr required tor theproauct:

52.3 Exceptas indicated in 52.4, the load connected to the output terminals of the\transformer is to be
the highest of| the following and is to be readjusted, if necessary, to the specified value after 2 min of
operation, with no further readjustment during the remainder of the test:

a) A repistance load that draws a current equal to three times the fullrated transformper secondary
current;

b) If the¢ transformer supplies a motor with or without additional loads, a resistance Igad that draws
a current equal to the motor locked-rotor current plus any<additional loads; or

c) If thg transformer supplies an inductive load (otherithan a motor), such as the coil pf a relay or a
solenoid, a resistance load that draws a current equial to the sum of such loads with the armature of
the largest blocked open.

52.4 A transformer that cannot provide the output current required by 52.3 is to be tested ith its output
terminals short-circuited.

53 Dielectri¢ Voltage-Withstand Test

53.1 A boilef assembly shall withstand, without breakdown for 1 min, the application of a 6P Hz potential
between Hazgrdous-Voltage live parts and dead metal parts, and between live parts of Hazardous-Voltage
and Extra-Low-Voltage circuits./The test potential shall be:

a) 1000 V plus twice rated voltage, except as noted in (b).

b) 900 |V for motors rated at not more than 1/2 horsepower output (373 W) and not more than 250
V.

53.2 If higher than rated voltage is developed in a motor circuit through the use of capacitors, the rated
voltage of the device is to be employed in determining the Dielectric Voltage-Withstand Test potential;
unless the developed steady-state capacitor voltage exceeds 500 V, in which case the test potential for the
parts affected is to be 1000 V plus twice the developed capacitor voltage.

53.3 Meters provided in an assembly are to be disconnected from the circuit and tested separately.

53.4 An Extra-Low-Voltage circuit shall be capable of withstanding, for 1 min without breakdown, a 60 Hz
potential of 500 V applied between Extra-Low-Voltage live parts of opposite polarity and between Extra-
Low-Voltage live parts and dead metal parts.
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53.5 The Dielectric Voltage-Withstand Test between Extra-Low-Voltage parts of opposite polarity may be
waived on the complete assembly provided the components have been separately subjected to this test
condition and the wiring is with material as described in 13.6.

53.6 A 500 VA or larger transformer, the output voltage of which is essentially sinusoidal and can be
varied, is to be used to determine compliance with the foregoing. The applied potential is to be increased
gradually from zero until the required test value is reached and is to be held at that value of 1 min. The
requirement of a 500 VA or larger transformer can be waived if the high potential testing equipment used is
such that it maintains the specified high potential voltage at the equipment during the duration of the test.

53.7 A spark ignition system shall be capable of withstanding for 1 min, without breakdown, the
application of a 60 Hz potential of:

a) 150 % of the maximum voltage to ground between bare current-carrying parts)and non-current-
carrying parts; and

b) 150 % of the maximum voltage to each other between bare current<arrying pafts of opposite
polarity.

53.8 The tests to determine conformance are to be made with the ignition transformer disfonnected. An
arc occurring [during the test at a location adjacent to the electrode tips that will result in saf¢ ignition is not
to be considefed a failure.

53.9 An insplator shall successfully withstand for 1 mingwithout breakdown, through the wall of the
insulator, a 6P Hz potential of three times the maximumy,open circuit voltage to ground [of the ignition

transformer pfovided with the burner.

53.10 The test to determine conformance is tobe conducted immediately after the insulator has been
conditioned fgr 24 h in air having a relative humidity of 85 £5 % at a temperature of 90 +3 °F (32 £2 °C).

54 Draft Hopod Equipped Boiler Assemblies
54.1 Blocked outlet test

54.1.1 Boilef assemblies for éutdoor installation with the venting system provided as a pdrt of the boiler
assembly are|exempt from.the following requirements. See 33.5.

54.1.2 With|the qutlet of the draft hood blocked, the concentration of carbon monoxide| in an air free
sample of thg flue gases shall not exceed 0.04 % (400 ppm) when the boiler assembly {s tested in an
atmosphere having a normal oxygen supply.

54.1.3 The boiler assembly is to be operated for at least 15 min with gas at normal test pressure. The
outlet of the draft hood is then to be blocked and a sample of the flue gases is to be secured and analyzed.

54.1.4 If applicable, flue gases shall not issue from the condensate drain line(s) when tested in
accordance with the test method specified above.

54.1.5 For the purposes of this test, the condensate trap, if provided with the appliance, shall be installed
according to the manufacturer’s instructions and initially filled with water.

54.2 Downdrafts and updrafts test

54.2.1 Total downdraft pressures ranging from zero to 0.05 inch (1.3 mm [0 to 12 Pa]) water column
imposed at the outlet of the draft hood shall not extinguish the main burner flames nor cause them to flash
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back, lift, float, burn outside the boiler assembly, nor produce a concentration of carbon monoxide in an air
free sample of the flue gases in excess of 0.04 % (400 ppm) when the boiler assembly is tested in an
atmosphere having a normal oxygen supply.

54.2.2 The boiler assembly is to be operated for at least 15 min with gas at normal test pressure. A
straight section of vent pipe of suitable diameter and of a length at least equal to ten pipe diameters is to
be attached directly to the outlet of the draft hood and connected to the outlet of a blower. The total draft
pressure is to be measured with a Pitot tube and a differential gauge which may be read directly to 0.005
inch (0.13 mm [1.24 Pa]) water column. The Pitot tube is to be inserted in the straight section of vent pipe
at a point midway between its ends, so that:

a) The head of the tube is coincident with the axis of the vent pipe; and

b) The jmpact opening of the Pitot tube faces the flow stream.

54.2.3 Thed
specified abov
and analyzed.

54.2.4 Down
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and 17 Pa))

water column. Under this condition, a sample of the flue gases is to be taken ahead of the draft hood. The
ratio of carbon dioxide concentration for normal operation, as in the combustion test, to that under updraft,
as above, is not to be more than:

a) 1+ 2-(hp + 5-hv), where "hp" is the pressure head and "hv" is the velocity head, as water column

in; or

b) 1+ 0.008-(hp + 5-hv), where "hp" is the pressure head and "hv" is the velocity head, as Pascals.

54.3 Spillage test

54.3.1

when tested in accordance with the test method specified below.
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54.3.2 For the purpose of this test, uninsulated sheet metal vent pipe the same size as the draft hood
outlet is to be used. Elbows are to be 1.57 rad (90°), four-piece, sheet metal elbows. The vent pipe is to
have a reasonably smooth inner contour.

54.3.3 If the flue gases are vented horizontally, a section of vent pipe extending horizontally, an elbow,
and vertical vent pipe are to be attached to the draft hood as shown in Figure 54.1. The length of the
horizontal and the height of the vertical pipe are to be as specified in Figure 54.1.
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Figure 54.1
Arrangement of Vent Pipe for Draft Hood Pillage Test

T .

—L H H

— 1 b |

EXTERNAL DRAFT HOOD EXTERNAL DRAFT HOQOD
WITH WITH
VERTICAL DISCHARGE HORIZONTAL DISCHARGE
T L_" H _r
————JdLtq | P ppp——— L= T
r—— “=--7 r—= “--1
| 1 | 1
| | | |
BUILT—=IN DRAFT HOOD BUILT—IN DRAFT HOOD
WITH WITH
VERTICAL DISCHARGE HORIZONTAL DISCHARGE
S2734A

Notes:

L — 2 ft (0.6 m) for vent pipe sizes not exceeding 12 in (305 mm) and equivalent to 2 vent pipe diameters for vent pipe sizes larger
than 12 in (305 mm).

H — 1.5 m (5 ft) for vent pipe sizes not exceeding 12 in (305 mm) equivalent to not less than 5 and not more than 5-1/2 vent pipe
diameters for vent pipe sizes larger than 12 in (305 mm). It is to be measured from the highest point of the draft hood relief opening or
openings to the top of the vertical vent pipe.

For other details see 54.3.1 — 54.3.5.
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54.3.4 If the flue gases are vented vertically, an elbow, a horizontal section of vent pipe, a second elbow,
and a vertical vent pipe are to be attached to the draft hood as shown in Figure 54.1. The length of the
horizontal section and the height of the vertical vent pipe are to be as specified in Figure 54.1.

54.3.5 The horizontal run of vent pipe is to be pitched upward 1/4 in/ft (21 mm/m).

54.3.6 The boiler assembly is to be operated for at least 15 min with gas at normal test pressure. A
fuming or smoking material, such as titanium tetrachloride, is to be introduced ahead of the draft hood so
as to form a dense smoke. A beam of light is to be directed across the relief opening(s). This requirement

is to be deemed met when no smoke can be observed escaping from the relief opening(s).
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55.4

with the test method specified above.

If applicable, flue gases shall not issue from the condensate drain line(s) when tested in accordance

55.5 For the purposes of this test, the condensate trap, if provided with the appliance, shall be installed
according to the manufacturer’s instructions and initially filled with water.

56 Direct Vent Tests

56.1

56.1.1

Direct vent system leakage test

combustion chamber-vent section:

Copyright Underwriters Laboratories Inc.
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a) The leakage from the combustion chamber-vent section of the system shall not exceed 4 % of
the products of combustion; and

b) The leakage from the air intake section of the system shall not exceed 8 % of the products of
combustion. See 56.1.2 — 56.1.5.

56.1.2 The vent and air intake terminations are to be removed, and the entrance of the air intake section
sealed at the point it enters the combustion air intake housing integral to the appliance. The entire system,
including the combustion air and flue gas connections between the appliance and the vent and air intake
terminations, is to be installed and sealed in accordance with the manufacturer's instructions. Both the flue
outlet and the air inlet is to then be sealed at the point of connection to the vent and air intake terminations.
The sealing means is to include fittings for supplying air to both the air intake and combustion chamber-
vent sections jofthe system and—provistons—for |||Uaami||g the—intermat-pressure—meactrsection of the
system.

56.1.3 The ipternal pressure in the system is to be measured by a water-filled manometer which may be
read directly tg 0.01 inch (0.25 mm [25 Pa]) water column or equivalent means.

56.1.4 Clean air is to be permitted to flow through a metering device and)into the section of the direct
vent system Heing pressurized through the air supply fitting. The air supply fitting to the gection of the
system not being pressurized is to be open. The internal air pressute in the section of the|[system being
pressurized is|to be adjusted to 0.01 inch (0.25 mm [25 Pa]) water) column above the normal operating
system presspre for forced draft systems operating at positive combustion chamber pressure. The
leakage rate i$ to be noted in ft3/h (m®h) for both the air intak&'and combustion chamber-vent sections of
the direct vent[system.
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56.1.5 The leakage rate is to be determined by the following equations:

where:

L.=004xVx]

L,=008xVx]

L, = Allowable leakage rate from combustion chamber-vent section of direct vent system, ft3h

(m3/h).

L,=A

lowable leakage rate from air intake section of direct vent system, ft3/h (m3/h).

V=15
flue pr|
fuel is

I=Ga

56.1.6 Ina
chamber-vent{

a) The
the prq

b) The
leakad

56.1.7 In a
chamber-vent
system shall

air intake secfion.

56.1.8 The
at the point i
including the
termination, i
extension loc
sealed at the
for supplying

ft2 (1.45 m®) of flue products based on the formation of approximately 10 ft]
bducts plus 5 ft2 (0.483 m®) of excess air, when approximately 1,000 Bt (3.6 N
burned.

5 input rating, in thousands of Btu/h (kW).

section enclosed within the air intake section:

leakage from the combustion chamber-vent section of the system shall not
ducts of combustion, as calculated in 56.1.5; and

leakage from the total system shall not exceed 8 % of the products of comb
e, in percent, determined for the combustion chamber-vent section. See 56.1.]

section enclosed within the air\intake section, the combustion chamber-vent
be considered that portion.of the combustion chamber-vent section not conta

ent-air intake termination is to be removed, and the entrance of the air intake
t enters the combustion air intake housing integral to the appliance. The
combustion @ir-and flue gas connections between the appliance and the
5 to be installed and sealed in accordance with the manufacturer's instructi
bted withinvthe air intake section need not be installed. The direct vent syster
pointsoficonnection to the vent/air intake termination. The sealing means is to
hir'simultaneously to the air intake and combustion chamber-vent sections of t

(0.967 m®) of
1J) of gaseous

direct vent system of an appliance having all or part of the vent portion of the combustion

bxceed 4 % of

stion plus the
[ —56.1.10.

direct vent system in an appliancehaving all or part of the vent portion of the combustion

section of the
ned within the

section sealed
entire system,
vent/air intake
ons. Any vent
n is then to be
nclude fittings
he system and

provisions for

measuring-the internal pressure

56.1.9 Using the test apparatus and method of test specified in 56.1.3 and 56.1.4, the total system is to

be pressurize

d and the leakage rate noted in ft3/h (m3/h).

56.1.10 The combustion chamber-vent section of the system is then to be sealed, with the appropriate
fittings noted above, at the first joint of the vent portion of the combustion chamber-vent section contained
within the air intake section downstream of the combustion chamber. Using the test apparatus and method
of test specified in 56.1.3 and 56.1.4, the combustion chamber-vent section is to be pressurized and the
leakage rate noted in ft¥h (m*/h).
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56.2 Direct vent wind tests

56.2.1

An appliance designed to vent the flue gases horizontally through an outside wall, or an appliance

intended for installation with an air intake termination, shall comply with 56.2.3 — 56.2.11 when the vent (or
air) termination is subjected to the effects of specified wind velocities at various angles.

56.2.2 Unless otherwise specified, testing shall be conducted at both the minimum and maximum vent
lengths specified by the manufacturer.

56.2.3 A pilot shall be capable of being ignited when the vent (or air) termination is exposed to the effect
of a wind having a nominal velocity of 10 mph (4.47 m/s).

56.2.4 Thea
are to be posi
normally locat

56.2.5 A win
water column
outside surfac
measured by
wind source §|
which the tern

56.2.6 Additi
directions.

56.2.7 The
ignition syste
mph (17.88 m

56.2.8 The
producinga s

miles per hour

56.2.9 While|

excessive delay and shall not become extinguished, and the carbon monoxide in the flue g

exceed the lim

56.2.10 The

i

ppliance is to be fired at rated input while installed as indicated in Section 44,[
ioned to prevent the wind from the wind source from affecting that section,of
pd indoors.

d produced by a blower having sufficient capacity to develop a 0104 inch (1.0
static pressure [nominal 10 mph (4.47 m/s) wind velocity]*shall be directe
b of the test structure on which the vent (air) termination is attached. Static pre
Mmeans of static pressure taps encompassing the area,of\.the vent (or air) ter|
hall be located so the wind is directed perpendicularto the surface of the wa
ination is attached.

pnal tests may be conducted with a wind, of the same velocity emanatir

ain burner shall not become extinguished and shall ignite without excessive
shall ignite when the vent (or air intake) system is exposed to a wind having g
S).

st method specified in56.2.4 shall be applied except the blower shall 4

Deflector walls
the appliance

mm [10 Pa])
d against the
ssure shall be
mination. The
Il structure to

g from other

jelay, and the
velocity of 40

e capable of

tic pressure on the surface of the test wall of 0.66 inch water column (164 Pa) [nominal 40

(17.88 m/s) wind velacity].

operating under the above wind conditions, the pilot and main burner shall

it specified'in 46.2.

ignite without
ases shall not

sufficient flue

conditions specified in 56.2.7 are to be imposed on the vent termination and

gas samples
concentration.

56.2.11

secured —and anatyzed—under—the—varifous cornditions—todetermime—the—Ttarbon  dioxide

The carbon dioxide concentration with the appliance subjected to any of the conditions specified

in 56.2.7 shall not be less than 50 % of the carbon dioxide concentration produced by the appliance when
operated at normal rated input under a still air condition.

56.3 Direct vent rain test

56.3.1

Water shall not enter the vent (or air intake) system in a quantity sufficient to interfere with normal

operation of the appliance and shall not accumulate within the appliance when subjected to the test in this

section.
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56.3.2 The test shall be conducted at rated input with the minimum vent length specified by the
manufacturer. The appliance venting system or air intake shall be installed in accordance with the
manufacturer's installation instructions.

56.3.3 The rain test apparatus is to consist of three spray heads mounted as shown in Figure 63.1.
Spray heads are to be dimensioned as shown in Figure 63.2. The water pressure is to be maintained at 5
psi (34.5 kPa) at each spray head. The boiler assembly is to be centrally located within the spray pattern
under normal conditions most likely to cause entrance of water into the terminal. The distance between the
center nozzle and the boiler assembly is to be approximately 3 ft (0.91 m), however, since the overall size
of boiler assembly vary, adjustments are to be made in the position of the nozzles to allow the greatest

quantity of water to enter the terminal.

56.4 Direct

56.4.1 The
supported so
position with
the combustig

56.4.2 Ave
vent terminat
part of the ve
operate satisf

56.4.3 The
sample of the|
gases does n

56.5 Direct

56.5.1 Ave
that perform

described in {
comply with th

56.5.2 The

with sand ang
sides and the
prevent sand

vent load test

horizontal vent (or air-intake) termination shall be sufficiently rigid)in’ co
it shall withstand a load of 150 Ib (68.0 kg) without extensive damage or &

hstruction and
Iteration of its

respect to the appliance. Following application of this load, the appliance shall comply with

n test specified in 46.2 at rated input.

tical suspension load of 150 Ib (68.0 kg) shall be evenly distributed without ir
on. The load shall then be removed and shall not haveg caused substantial di
Nt termination or alteration of its position relative ta’the”appliance so the appliz
actorily.

bppliance shall then be operated at rated-input until equilibrium conditions &
flue gases shall then be secured and analyzed to determine the carbon mono
pt exceed that indicated in 46.2.

vent impact test

t (or air-intake) termination.'shall not break, disassemble, or become damage
nce would be unacceptable for further use as a result of three impacts of 3
p6.5.2 — 56.5.4. Following impact of the vent (or air intake) termination, the §
e combustion test specified in 46.2 at rated input.

mpact shall*be produced by a pendulum consisting of a rope suspending a
havingtfie weight shown in Figure 56.1. The bag is to be formed by tightly

hpact over the
stortion of any
nce would not

re attained. A
Xide in the flue

d to the extent
n sand bag as
ppliance shall

cloth bag filled
drawing up all

corners of a flat section of canvas or other suitable material. A plastic liner mpay be used to

mm) distance

loss./The bag is to have an at-rest position with no more than 1 in (25.4

between the edgée of the hag and the surface of the vent termination The point of impact |

s to be on the

same horizontal plane as the center of gravity of the bag. The distance of swing is to be that required to
raise the center of gravity of the bag to the elevation specified in Figure 56.1 and Figure 56.2 above the
center of gravity of the bag at its at-rest position.
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Figure 56.1

Vertical Vent Impact Test

2
2 INCHES 4 INCHES 7
(51mm) (102mm) 4 .
MIN. ,’ 6 INCHES
* (153mm)
“
-f— “
2 INCHES %
(51mm
VENT-PIPE_SUPPORTS /
Trade Bize 2-Inch (38mm) Lumber. /
D = 0.0 of Pipe + 1/4 Inch (6.4mm) F4
/
/
/
/
’
’
’
/
)
/
/
/
/ 8 FEET
/ 1 INCH (25mm) (2.44m)
l ’ OR LESS
/
/
_r:\‘ SAND BAG
ELEVATION OF S
SAND BAG ~
CENTER OF GRAVITY
OF SAND BAG ,
/
/
IMPACT TABLE L/
2
Z
Inside Diometer Weight of Elevation of /
of Vent Sond Bog Sand Bag [ 7/, |
Inches (mm) Pounds (Kg) Inches (mm) % 6 INCHES
12 or less (305 or 20 (9.1) 9 (229) 7 (153mm)
less s
Over 12 (Over 305) 50 (22.7) 18 (457)
S2260A
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Figure 56.2

Horizontal Vent Impact Test

IMPACT TABLE ‘\
ln'siee Diometer Weight of Elevation of \\
{11 I
Inches (mm) Pounds (Kq) Inches (rnm) \ \
12 or less (305 or less) 20 (9.1) 9 (229) WALL \
Qver 12 (Over 305) 50 (22.7) 18 (457) \\
1 INCH \
(25mm) \
] OR LESS \ N
N 7
SOOI é "“ - A1
% >
%

VENT -
K ELEVATION

L} [ ’,4OF SAND BAG
i | '

SUPPORTS INSTALLED AT
le——— MAXIMUM DISTANCE SPECIFIED —e= CENTER OF GRAVITY
IN INSTALLATION INSTRUCTIONS OF SAND BAG

RN

\— SIMULATED CONNECTION TO APPLIANCE VENT TERMINATION

ONE IMPACT PERPENDICULAR, TO THE TERMINATION

VENT, TERMINATION \

WALL

\
\
ELEVATION
_ - OF SAND BAG

\__/ f
SAND BAG

CENTER OF GRAVITY
OF SAND BAG

TWO IMPACTS — EACH PERPENDICULAR TO THE VENT PIPE BUT

S3393 AT THE VENT TERMINATION & 180" APART FROM EACH OTHER
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56.5.3 The length of the pendulum may vary, depending upon the intended point of impact.

56.5.4 The impacts are to be made successively at the following points:

a) For a horizontal venting system that terminates through a wall:

1) One impact perpendicular to the termination; and

2) Two impacts — each impact perpendicular to the vent pipe but at the vent te
3.14 rad (180°) apart from each other.

b) For a vertical venting system:

rmination and

56.5.5 FolloV
are attained. /
case the carbg

56.5.6 At thg
subsequent cq

1) One impact at the level of a joint;
2) One impact at the level halfway above the first joint tested and the ngxt joint

3) One impact at the same level as in (1), but rotated around the axis’of the v
by 1.57 rad (90°) from the impact in (1).

ving each impact, the appliance shall be operated at ratediinput until equilibri
sample of the flue gases is to be secured and analyZed as specified in 46.2
n monoxide in the flue gases shall not exceed that indicated in 46.2.

option of the manufacturer, the vent termination‘fnay be replaced following ea
mbustion test.

57 Flame Test

57.1 Refer tq

Annex A, Furnaces and Air Heaters (United States only)

58 Strain Relief Test

58.1 As spe
without damag

OUTDOOR-U

59 General

ified in 12.10, each lead shall be capable of withstanding a pull of 10 Ibf (44.
e to the assembly.

SE EQUIPMENT

L and

enting system

m conditions
), and in each

ch impact and

5 N) for 1 min

59.1 An out

Sections of this Stan

the preceding

59.2 All outside air inlet openings, including draft hood relief openings, on a boiler assembly for outdoor
installation shall be such as to restrict the entrance of a 33/64 in (13.1 mm) diameter rod.

59.3 The bottom of a combustion air opening shall be not less than 12 in (30.5 cm) above the bottom of a
boiler assembly for outdoor installation.

60 Enclosures

60.1

parts and shall protect the system against electric shock due to weather exposure.

Copyright Underwriters Laboratories Inc.
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60.2 To determine compliance with this requirement, a complete assembly, with supply conduit
connections and without pipe thread compounds, is to be subjected to the Rain test, 63.2.

60.3 A water absorbing insulating material shall not become wetted by rain when installed as intended, if
such wetting will depreciate its durability or insulating value.

60.4 Any panel or cover in the outer enclosure shall require the use of tools to open; unless it can be
determined that removal or opening of the panel or cover will not result in a risk of electric shock due to
weather exposure or an injury to persons due to moving parts. Hinges and other attachments shall be
resistant to corrosion.

60.5 Access doors or panels shall be constructed so that, with the doors or panels in place, no water will

accumulate W

60.6 Enclos
openings in th

60.7 Cabins
uncoated she
less than 0.04

60.8 Enclos
applies, comp

60.9 Metal s
cabinets or ern

60.10 Sheef
protected agd
been shown t

60.11 If the
parts, itis to b

a) Hot
Weigh
on any
weight
weight

ithin the enclosure during the conduct of the Rain Test. See 63.2.1.

Lires for electrical components shall have provision for drainage if knockouts
e enclosure are employed.

ts and enclosures shall have a thickness of not less than 0.032\n (0.81 mm) (
et steel, not less than 0.034 in (0.86 mm) (No. 20 GSG) if zinc coated shee
9in (0.74 mm) (20 AWG) if copper, brass, or aluminum; except as stated in 60

res less than No. 20 MSG which correspond with Table 11.1 or Table 1

or unthreaded

No. 20 MSG) if
steel and not
8.

1.2 whichever

ly with the intent of this requirement if they are pretected by an outer cabinet.

hall not be used in combinations such as.10 Cause galvanic action which will a
closures.

steel cabinets and electrical enclosures exposed to the effects of weath
inst corrosion by the following, means or by other metallic or nonmetallic coatin
D give equivalent protection.

enclosure is of No. 46 MSG or heavier and it is not the sole enclosure of ¢
e protected by a coeating at least equal to one of the following:

dipped mill galvanized sheet steel conforming with the coating designation G6

t (Mass) of,Coating Requirements table in ASTM A653, with not less than 4(
side, based on the minimum single spot test requirement in this ASTM Sp¢g
of zinexCoating may be determined by any suitable method; however, in case

of.eoating shall be established in accordance with ASTM A90/A90M. An

dversely affect

ering shall be
gs which have

Lirrent-carrying

D or A60 in the
% of the zinc
cification. The
bf question the
AB0 (Alloyed)

coatin

i shall also r‘nmply with 60 14;

>

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 in (0.0104 mm) with a
minimum thickness of 0.00034 in (0.0086 mm);

c) Two coats of an organic finish of the epoxy or alkyd-resin type or other outdoor paint on both
surfaces. The suitability of the paint may be determined by consideration of its composition or by
corrosion tests if these are considered necessary.

60.12

is to be protected by a coating at least equal to one of the following:

If the enclosure is the sole enclosure of current-carrying parts or if it is lighter than No. 16 MSG, it

a) Hot dipped mill galvanized sheet steel conforming with the coating designation G90 in of the
Weight (Mass) of Coating Requirements table in ASTM A653, with not less than 40 % of the zinc
on any side, based on the minimum single spot test requirements in this ASTM Specification. The
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weight of zinc coating may be determined by any suitable method; however, in case of question the
weight of coating shall be established in accordance with ASTM A90/A90M;

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 0.00061 in (0.0155 mm) with a

minimu

m thickness of 0.00054 in (0.0137 mm);

¢) A zinc coating conforming with 60.11 (a) or (b) with one coat of outdoor paint on both surfaces as
suitable specified in 60.11(c); or

d) A cadmium coating not less than 0.00075 in (0.019 mm) thick on both surfaces with one coat of
outdoor paint on both surfaces, or not less than 0.0005 in (0.013 mm) thick on both surfaces with
two coats of outdoor paint on both surfaces. The paint shall be on both surfaces and as suitable

specifi¢d in 60.11(c).

60.13 With r¢ference to 60.10, other finishes, including paints, special metallic finishesand
mply with this requirement when comparative tests with galvanized sheet

of the two co
annealing, wif
they provide e
suitability of s
mixtures, mois

60.14 A hot
similarly forme
forming proce
enclosure whi

60.15

If flakri:l:
at 25 power

and punched
conform with 4

60.16 Nonfe
thickness of th

60.17 Nonm
ultraviolet light

60.18 Whers
B487, ASTM H

fuivalent protection. Among the factors which are taken into consideration wh
Lich coating systems are exposure to salt spray, moist carben dioxide-sulph

dipped mill galvanized A60 (alloyed) coating or afi/annealed zinc coating wh

ing or other surface treatment, conforming with 60.11(a) or 60712; as applid

t hydrogen sulphide-air mixtures, ultraviolet light and water,

d after annealing shall be additionally painted inthe bent or formed area if t
5s damages the zinc coating, except that suchareas on the inside surface o
th water does not enter during the Rain Testineed not be painted.

g or cracking of the zinc coating at the,outside radius of the bent or formed se
agnification, the zinc coating is cohsidered to be damaged. Simple sheared
holes are not considered to bé-formed, but extruded and rolled edges an
0.14.

rous cabinets and enclosures may be employed without special corrosion p
e material is to be judged on the basis of its strength and rigidity.

btallic cabinets~and enclosures are judged on the basis of the effect of
and water:

the thickness of coatings is specified, they shall be established in accordan
499,6r ASTM B504, as applicable.

combinations
steel, without
able, indicate
bn judging the
ur, dioxide-air

ich is bent or
he bending or
f a cabinet or

ction is visible
or cut edges
d holes shall

rotection. The

exposure to

ce with ASTM

60.19 As an alternative to compliance with 60.2 to 60.18, enclosures shall comply with the requirements
of UL 50E/CSA C22.2 No. 94.2/NMX-J-235.

61

61.1

Field Wiring Connections

openings shall be threaded; unless:

Openings provided for field wiring connections shall be suitable for connection of conduit. The

a) They are located wholly below the lowest uninsulated live part within the enclosure; or

b) The

location prevents drainage into the enclosure.

Threaded holes for conduit shall be reinforced to provide metal at least 1/4 in (6.4 mm) in thickness; and
shall be provided with a conduit end stop unless the thread is tapered.
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62 Wiring

62.1 The internal wiring shall be so constructed and assembled as to provide protection against a risk of
electric shock due to weather exposure.

62.2 The use of moisture resistant wiring material, such as Type RH, RHW, TW, THW, THWN, TFN, or
TFFEN enclosed in rigid or flexible steel conduit or electrical metallic tubing, or moisture resistant
nonmetallic sheathed cable for the wiring between electrical component enclosures complies with the
intent of this requirement. Wiring materials of the type indicated in Table 13.1, Group A, installed in either
rigid conduit or electrical metallic tubing with raintight fittings or in liquid-tight flexible steel conduit with
suitable fittings also comply. The use of cords or wiring material as described in 13.6 is also recognized.
Bushings, where used, are to be nonabsorptive.

62.3 The wijring assembly shall be so constructed and located as to exclude water from electrical
enclosures.

62.4 All wirgs and cords shall be routed and supported so that they will not be immersed in[water.

63 OutdoorrUse Equipment Tests

63.1 General

63.1.1 Nongbsorptive electrical insulation shall be used inythe construction of electrica] components.

r on electrical
a result of the

Untreated fibér is an example of a material that should not*be used, while vulcanized fibg
components ¢omplies with the intent of this requirement if components are not wetted as
Rain Test.

63.2 Rain test

63.2.1 A bo
normally with

it will function
osure without

ler assembly designed for.©Qutdoor installation shall be constructed so that
the pilot(s) and main burher(s) in operation when subjected to a rain exy

creating a risk

63.2.2 The
instructions. T
voltmeter or ¢
test.

of electric shock due to.the wetting of live parts, current leakage, or insulation

boiler assembly is” to be positioned and leveled in accordance with the
he insulationtresistance of the boiler assembly is to be measured before the
ther suitable method. The insulation resistance is to be not less than 50,00

63.2.3 The

breakdown.

anufacturer's

tEst by a series

Q before the

rain)test apparatus is to consist of three spray heads mounted as shown i

N Figure 63.1.

Spray heads are o be dimensioned as shown in Figure 63.2Z. The water pressure is to be maintained at 5
psi (34.5 kPa) at each spray head. The boiler assembly is to be centrally located within the spray pattern
under normal conditions most likely to cause entrance of water into or on the electrical components and
vent assembly. The spray is to be directed toward openings in the cabinet, door, and gasketed covers and
panels, including the door. The distance between the center nozzle and the boiler assembly is to be
approximately 3 ft (0.91 m), however, since the overall size of boiler assemblies vary, it may be necessary
to make adjustments in the position of the nozzles to allow the greatest quantity of water to enter openings
in the boiler assembly.
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