Q

UL 296A

STANDARD FOR SAFETY

Waste Qil-Burning Air-Heating
Appliances



https://ulnorm.com/api/?name=UL 296A 2018.pdf



https://ulnorm.com/api/?name=UL 296A 2018.pdf

OCTOBER 8, 2018 — UL 296A

tr1

UL Standard

Third Edition,

for Safety for Waste Qil-Burning Air-Heating Appliances, UL 296A

Dated August 2, 2018

Summary of Topics

This revision of ANSI/UL 296A is being issued to update the title page to reflect the most recent
designation as a Reaffirmed American National Standard (ANS). No technical changes have

been made.

The requirements are substantially in accordance with Proposal(s) on this subject dated August 17, 2018.

Text that hag
with a verticq

All rights res
transmitted i
without prior

UL provides
not limited to|

In no event
including loss
inability to u
possibility of
this Standard

Users of the
harmless fro
attorney’s fe
Standard on

Ls

I line in the margin.

erved. No part of this publication may be reproduced, stored ina.rétrievd
n any form by any means, electronic, mechanical photocopying,\tecording,
permission of UL.

his Standard ”as is” without warranty of any kind, either expressed or implied,
the implied warranties of merchantability or fitness for any purpose.

will UL be liable for any special, incidental, consequential, indirect or simi
b of profits, lost savings, loss of data, or any other damages arising out of the
be this Standard, even if UL or an authorizéd UL representative has been a
such damage. In no event shall UL’s liability for any damage ever exceed the
, regardless of the form of the claim.

electronic versions of UL’s Standards for Safety agree to defend, indemnify,
and against any loss, expense;liability, damage, claim, or judgment (includin
) resulting from any error or_deviation introduced while purchaser is storing
the purchaser’s computer.system.

been changed in any manner or impacted by UL’'s electronic publishing syst¢m is marked

| system, or
or otherwise

including but

ar damages,
use of or the
Hvised of the
price paid for

and hold UL
g reasonable
an electronic



https://ulnorm.com/api/?name=UL 296A 2018.pdf

tr2 OCTOBER 8, 2018 - UL 296A

No Text on This Page



https://ulnorm.com/api/?name=UL 296A 2018.pdf

X S,

AUGUST 2, 2018
(Title Page Reprinted: October 8, 2018)

1 UL/ANSI 296A-2013 (R2018)
UL 296A

Standard for Waste Oil-Burning Air-Heating Appliances

Previous numbered and unnumbered editions of standards covering heating
appliances have been published since 1987.

First Edition — November, 1990
Second Edition — October, 1995

Third Edition

August 2, 2018

=]

his ANSI/UL Standard for Safety consists of the Third Edition including revision
hrough October 8, 2018.

—
[2)

The most recent designation of ANSI/UL 296A“as a Reaffirmed Americgn
National Standard (ANS) occurred on October»8, 2018. ANSI approval for g
gtandard does not include the Cover Page, Fransmittal Pages, and Title Page.

fomments or proposals for revisionstion any part of the Standard may b
ubmitted to UL at any time. Propdsals should be submitted via a Proposa
Request in UL’s On-Line Collaborative Standards Development System (CSDS
t https://csds.ul.com.

— O

Q_T1 O O
~

L’s Standards for Safety are copyrighted by UL. Neither a printed nor electronic
opy of a Standard should be altered in any way. All of UL’s Standards and 4
opyrights, ownerships, and rights regarding those Standards shall remain th
ole and exclusive-property of UL.

D

Wm O O c—

COPYRIGHT © 2018 UNDERWRITERS LABORATORIES INC.



https://ulnorm.com/api/?name=UL 296A 2018.pdf

WASTE OIL-BURNING AIR-HEATING APPLIANCES - UL 296A OCTOBER 8, 2018

No Text on This Page



https://ulnorm.com/api/?name=UL 296A 2018.pdf

AUGUST 2, 2018 WASTE OIL-BURNING AIR-HEATING APPLIANCES - UL 296A 3
CONTENTS
PART | — ALL WASTE OIL-BURNING AIR-HEATING APPLIANCES
INTRODUCTION
S 17 ) o - 8
2 GENEIAl .ttt 8
B GlOSSaIY oottt 9
0] 1410 o) 1= | - 14
CONSTRUCTION
5 Protdction of Users and Service Personnel . ... ... i e eb i 15
6 ENCIQSUres . ... ..o O e 19
B6.] General ...... ... O 19
6.2 DOOIS @nd COVEIS ...ttt e A e b 26
6.8 Field wiring system connections ................. .. .M b 28
7 Field|Wiring .. ... D e 29
7.0 General ... e b 29
7.2 Leadsandterminals ............. ... ... ... ON 31
8 Intermal Wiring ... ... e e b 32
8.1 General ........ ... 32
82 Methods ... Db 33
8.8 Short circuit protection ....... ... . N e 36
9 Sepdration of CirCUItS . ... ... ..o i b 36
10 Gropnding and Bonding .......... . 08 b 38
ELECTRICAL COMPONENTS
11 Gerferal . ... b 41
12 Moynting of Electrical Components ........... . . i 41
13 Motprs and Motor Oyetload Protection ....... ... ... b, 42
14 Ovgrcurrent Protection’of High-Voltage Control-Circuit Conductors ..............L......... 46
141 General M. o e b 46
14.2 Direct<Connected high-voltage control circuit ......... ... ... . it 46
14.3 Tapped high-voltage control circuits ........... ... oo, 46
14.4 Overcurrent-protective devices ...t e 47
15 Ovgrcurrent Protection of Transformers ........... ..o i b 48
15+ Highvottage transformers e 48
15.2 Low-voltage transformers . ... ... . 50
15.3 Overcurrent protective deviCes . ....... ... 50
16 Switches and Controllers .. ... ... o i e 51
A 7 o= o (o] ¢ 52
18 Electrical Insulating Materials . . ... e 52
SPACINGS
19 High-Voltage CirCUts .. ... ... i e e 52
20 Low-Voltage CirCUIts .. ... ..o e e 54


https://ulnorm.com/api/?name=UL 296A 2018.pdf

4 WASTE OIL-BURNING AIR-HEATING APPLIANCES - UL 296A AUGUST 2, 2018
PERFORMANCE
21 GBNEIAl . .o 54
22 Test FURIS .. 55
23 Instrumentation . .. ... . e 56
23,1 Draft . 56
23.2 FUEl INPUL . 56
23.3 Power measurement . ... ... 56
23.4 Speed MeasUremMeNt ... ... 56
23.5 SHAliC PreSSUIE . .ottt e e 57
23.6 Temperature MeasUremMeENt . ... ... ...t 59
24 Test Voltage . ..o 61
25 Po:r'ter Input Test ... . e b 62
26 Temperature Test . ... o e N 62
27 Stalled Fan Motor Test .. ... O 65
28 Short-Circuit Test .. ... e e b 65
29 Ovgrload Test, High-Voltage Transformers ............ ... o O bt 68
30 Burpout Test, High-Voltage Transformers ......................0 7 ... b 69
31 Dielectric Voltage-Withstand Test — Appliance ............ .. .o, 70
MANUFACTURING AND PRODUCTION TESTS
32 General . ... N 70
33 Progluction Line Dielectric Voltage-Withstand Test su. @ ..o bt 71
MARKINGS
34 Nameplate ... ... N e 72
35 Supplementary ... R b 75
INSTRUCTIQNS
36 Gerleral ... e e b 76
PART Il - BURNERS
CONSTRUCTION
37 Gereral N o b 77
38 Matbrials . . . . b 78
39 Assembly T T 78
40 Accessibility for ServiCing . ... ..o 79
41 Fan Housings and Air TUDES . ... ... o 80
42 Combustion Air CONtrols . . ... ...t 80
43 FUEl Strainers ..ot 81
44 Fittings, Piping, and TubiNg . .. ... .. 85
A5 ValVES . . oo 87
TG - U8 o = 88
47 IgNitioN Sy S emMS ..o 88
48 Electric High-Tension Ignition . ... . 89
48.1 ASSEmMblYy .. 89
48.2 Electrode and bus bars . ....... .. 89


https://ulnorm.com/api/?name=UL 296A 2018.pdf

AUGUST 2, 2018 WASTE OIL-BURNING AIR-HEATING APPLIANCES - UL 296A 5

48.3 INSUIAIOrS ... o 89
48.4 Leads .. o e 90
48.5 TransSfOrmMerS ... 90
49 Gas PilotS ... 91
50 Control Applications .. ... o 91
51 Primary Safety Controls . ... o 92
52 Oil Atomization CoNtrol . ... . e 93
B8 INterlOCKS . . 93
54 Oil Heating Equipment . .. ... o 93
55 Air Atomizing EQUIPMENt . . . ... o 93
56 Combination Gas-Oil BUIErs ... ...... ..o e 94
PERFORMANCE
B7 Gerleral ... e O 94
58 Combustion TestS ... ..o e S e f e 95
5.1 Mechanical-atomizing burners general .................... 0" ... ..l 95
58.2 Extended operation ......... ... ... O 95
59 Combustion Air Failure Test ... ... i A e b 97
60 Intefruption of Atomization Test............. ... N 98
61 Undervoltage Operation Test ... O b 98
62 Power Interruption Test .. ... i, e 99
63 Cortinuous Operation Temperature Test .......... 0N i 100
64 Ignifion Tests, Multiple Igniters . ... . s e f 100
65 Ignifion Tests, Electric High-Tension ......... .6 . i b 100
69.1 Reduced voltage —cold oil ........ ..o 100
64.2 Combustion detectors ........ ... 00 . 101
66 Ignifion Tests, Gas Pilot ........ . ... o e b 102
64.1 Reduced voltage .......... . 88 . e b 102
6.2 Pilot SUPErVISION ... ... ) e b 102
664.3 Flame failure reSpoNnSe .« f .. oot i e e e b 103
66.4 Stability ........ .. e e 103
67 Ignifion Test, Gas-Electric System ... ... ... . 103
68 Ignifion Tests, Gas-Electric-High-Tension System .......... ... . ... ... ... oo, 104
64.1 Reduced voltager-cold 0il ............ i b 104
64.2 Dielectric voltage-withstand —burner ....... ... ... ... ... b 104
64.3 Dielectrictvoltage-withstand — electrode insulators . .....................L.... . ... 105
69 Ignition Test,dMultiple-Atomizer Burner ........... i 105
70 Abnjormal @peration Test —Oil Heating .............cco i e 106
PART Il - BOILERS, FURNACES; AND HEATERS
CONSTRUCTION
T ASSEMIDIY . 106
72 Accessibility for ServiCing . ... ... it 109
73 Disposal of Combustion ProduCts . ...t 109
T4 BaSE .. 109
75 a8 NG oottt 111
76 Radiation Shields or Liners .......... i e e et 112
77 Materials in Air Handling Compartments . .......... . 112

T8 AIr FIEIS .o 114


https://ulnorm.com/api/?name=UL 296A 2018.pdf

WASTE OIL-BURNING AIR-HEATING APPLIANCES - UL 296A AUGUST 2, 2018

79 Combustion Chamber . ... ... . e 114
80 Radialors ... .. e e 114
81 Heating Surface JoINtS ... ... . 115
82 Baffles ... 115
83 FlUE COllars . .. ..ot e e e e e 116
84 Dampers and Draft Regulators ............ . 116
B85 CONIIOIS .ottt e e 116
85.1 AppliCation . ... 116
85.2 Limit CONTrol . ... e 117
85.3 Fan CoNtrol .. ... 118
PERFORMANCE - CENTRAL FURNACES
86 Gerleral . ... e N 118
87 Test Installation for Standard Clearances .................cccoiiiiie . O et 119
87.1 Downflow and upflow furnaces enclosure ........... ... .. ... .69 bt 119
87.2 Chimney connector ...t O 120
87.3 Air outlet and inlet —forced airfurnace .. .................0 7 . ... ... ... .. ... 123
87.4 Horizontal furnace enclosure .......... ... . i oSN 127
87.5 Chimney CONNECtOr . ... ...t e N i e 128
87.6 Airoutletandinlet ....... ... ... ... . e 128
88 Initial Test Conditions .......... ... il e 132
89 Combustion Test—Burnerand Furnace ........... Q0N i) eeen... 133
90 Opgration TestS ... .ot e e b 133
91 Lim|t Control Cutout Test . ...... ... .. 8O e e 134
92 Corttinuity of Operation Test ...........c. @ i 135
93 Airflow Test — Downflow and Horizontal Furfiagees ............... ... ..o}, 136
94 Tenpperature Tests —General ........ o8 . i 137
95 Cortinuous Operation Test . ....... 08 i b 137
96 Redfricted Inlet Test . ... e e e 138
97 Fan|Failure Test ... ... el e e e 138
98 Blogked Outlet Test ....... o 0 e e 139
PERFORMANCE - UNIT HEATERS
99 General ........ 0 T e e 139
100 Tebt Installations ... .. ..o e e 140
17J0.1 Floorfmounted heaters ............. e 140
1(J0.2 Suspended type heaters ..............o i f 144
101 Inifial TESECONAItioNS . ... .o e e 146
102 Cdmbustion Test — Burnerand Heater ............. ... . oot 146
103 Operatiom Tests e 147
104 Limit Control Cutout Test ... .. . e e e e 147
105 Continuity of Operation Test . ..... ... i e 148
106 Temperature Tests — General . ... ...t e 148
107 Continuous Operation Test . ...t 149
108 Restricted Inlet Test ... ..o e e e 149
109 Fan Failure Test ... . i e e e e e e e e 150
PERFORMANCE - BOILERS
T10 GeNeral ... 150


https://ulnorm.com/api/?name=UL 296A 2018.pdf

AUGUST 2, 2018 WASTE OIL-BURNING AIR-HEATING APPLIANCES - UL 296A 7

PART IV — OUTDOOR USE EQUIPMENT

CONSTRUCTION
1T GENEral .o 151
T12 ENCIOSUNE . . oo e 151
T12.1 General ... 151
112.2 Corrosion protection . ... ... ... . e 152
113 Field-Wiring CONNECHIONS . .. .. ot e e e e 154
114 Internal Wiring ... 154
115 Electrical Insulating Material . ........... . 154
PERFORMANCE
116 Rgin Test ... O 155
117 WINd Test ... S e e 158
117.1 Wind velocity 40 miles perhour ........... ... i A0 e 158
117.2 Wind velocity 10 miles perhour ........ ... ... o 0 159

118 Acgelerated Aging Test — Gaskets, Adhesives, and Sealing Compounds .......}........ 159
119 Matallic Coating Thickness Test

MARKING

120 Gdgneral

APPENDIX A

Standatds for Components



https://ulnorm.com/api/?name=UL 296A 2018.pdf

WASTE OIL-BURNING AIR-HEATING APPLIANCES - UL 296A

AUGUST 2, 2018

PART | — ALL WASTE OIL-BURNING AIR-HEATING APPLIANCES

INTRODUCTION

1 Scope

1.1 These requirements cover air-heating appliances of the central furnace and unit heater types and
boiler assemblies intended for burning waste oil fuels and having fuel inputs rated no more than 20
gallons/hour (75.7 liters/hour) or approximately 3,000,000 Btu/hour (3,160,000 kj/hour).

1.2 These requirements cover automatically-lighted, mechanical-atomizing type burners that typically are
used with these appliances. The burner is to be factory-installed on or provided with each appliance.

1.3 The burr
prevent the 3

1.4 Requirements for the installation and use of waste oil-burning appliangés are ing

Installation o
commercial g

1.5 In additi
requirementg
Specification

1.6 The terms “combustible” and “noncombustible”, as used in these requirements, are d

Glossary of 1
2 General

2.1 The term
a central furn

2.2 Values {
approximate

2.3 Unless
root-mean-sdg

ers covered by these requirements are equipped with an automatic primary.sal
bnormal discharge of oil at the burner in the event of ignition failure orflame f

Oil Burning Equipment, ANSI/NFPA 31. Waste oil-burning appliances are fg
nd industrial applications.

bn to being investigated for use with waste oils, the heating appliances cove
are investigated for use with a numerical grade.of fuel oil, graded accq
for Fuel Oils, ANSI/ASTM D396.

[erms Relating to Chimneys, Vents, and Heat-Producing Appliances, ANSI/NF

"appliance” refers to any equipment covered by this standard. The term “furn
ace. The term "heater” refers to" a unit heater.

tated without parentheses are the requirement. Values in parentheses are e
information.

q

g

indicated otherwise, all voltage and current values mentioned in this
uare (rms).

ety control to
pilure.

luded in the

r use only in

red by these
rding to the

efined in the
PA 97M.

hce” refers to

Xplanatory or

tandard are
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3 Glossary

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

3.2 ACCESSIBLE, READILY — Capable of being reached easily and quickly for operation, adjustment,
and inspection.

3.3 AIR, PRIMARY - The air introduced into a burner and that mixes with the fuel before it reaches the
ignition zone.

3.4 AIR, SECONDARY — The air externally supplied to the flame at or beyond the point of ignition.

3.5 AIR SHU
or secondary

3.6 APPLIAN
that:

a) Al
b) TH
c) Al
are complete

3.7 APPLIAN
pipe for trang

3.8 BOILER
generated or

3.9 BOILER
15 psig (103

3.10 BOILEHR
160 psig (11

3.11 BOILEF
(1103 kPa) 4

I'TER — An adjustable device for varying the size of the air inlet or inlets regu
air.

ICE, DIRECT VENT SYSTEM - A self-contained appliance that is inherently ¢

air supplied for combustion;

e combustion system of the appliance; and

products of combustion

y isolated from the atmosphere of the spacefin’which the appliance is installe

NCE, VENTED - An indirect-fired appliance provided with a flue collar to accom
porting flue gases to the outer air.

— A closed vessel in which water or some other liquid is heated or in wh
superheated, under pressure ot vacuum, by direct application of heat.
kPa).

R, HIGH TEMPERATURE WATER — A boiler intended for operation at a pressy
D3 kPa) or atta femperature exceeding 250°F (121°C) or both.

R, HOT(WATER - A boiler that furnishes hot water at a pressure not exceed
nd atta“temperature not exceeding 250°F (121°C).

ating primary

bnstructed so

i

nodate a flue

ich steam is

HIGH PRESSURE STEAM — A boiler in which steam is generated at a pressure higher than

re exceeding

ing 160 psig

CowZWAL DD [T

3.12 BOILER

QoL = = A A do o) : (N} 4 : P "
, LUV FTNECooUNE CANVE = A DUNCT 1T WITICTT StedIllh 15 YCTicidicU dl d

exceeding 15 psig (103 kPa).

pressure not

3.13 BURNER, AUTOMATICALLY LIGHTED — One in which fuel to the main burner is normally turned

on and ignite

d automatically.
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3.14 BURNER, MANUALLY LIGHTED - One in which fuel to the main burner is turned on only by hand
and is ignited under supervision.

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

3.16 BURNER, MECHANICAL-DRAFT TYPE — A burner that includes a power-driven fan, blower, or
other mechanism as the principal means for supplying air for combustion.

3.17 BURNER, NATURAL-DRAFT TYPE — A burner that depends principally upon the natural draft
created in th¢ flue to Induce Into the burner the air required for combustion.

3.18 CONTROL, LIMIT — A safety control responsive to changes in liquid level, pressure, or[temperature,
normally set peyond the intended operating range of the controlled appliance to limit its opgration.

3.19 CONTROL, OPERATING — A control, other than a safety control or ifterlock, to staft or regulate
input according to demand, and to stop or regulate input upon satisfaction of demand. |[An operating
control may &lso actuate auxiliary equipment.

3.20 CONTROL, PRIMARY SAFETY — A control that is directly seSponsive to flame propefties and that
senses the presence or absence of flame and, in event of ‘ignition failure or uninteftional flame
extinguishmgnt, causes safety shutdown.

3.21 CONTROL, SAFETY — An automatic control, such’as a relay or switch, used in conjunction with
other auxiliafy equipment to form a safety control system that is relied upon to reduce the risk of fire,
electric shock, and injury to persons.

3.22 DRAFT REGULATOR, BAROMETRICY(AUTOMATIC DAMPER) — A device that|functions to
maintain a desired draft in the appliance.by ‘automatically reducing excess chimney draft tp the desired
value.

3.23 ELECTRICAL CIRCUITS:

a) High-Voltage Circuit= A circuit involving a potential of no more than 600 volts and having
circuft characteristics in excess of those of a low-voltage circuit (or an isolated limit¢d secondary
circulft);

b) Isplated-Limited Secondary Circuit — A circuit of limited energy derived from an igolated
secohdary’winding of a transformer having a maximum capacity of 100 volt-ampergs and an
open-circuit-secondaryvottage rating notexceeding—1000votts;

c) Low-Voltage Circuit — A circuit involving a potential of no more than 30 volts rms alternating-
current (42.4 volts peak) or direct current and:

1) Supplied by a Class 2 transformer, or by a battery, by a battery and fixed
impedance, by a transformer and fixed impedance each of which complies with the
requirements for a Class 2 transformer as specified in the Standard for Low Voltage
Transformers — Part 1: General Requirements, UL 5085-1, and the Standard for Low
Voltage Transformers — Part 3: Class 2 and Class 3 Transformers, UL 5085-3; or
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2) Limited to a maximum of 100 volt-amperes. A circuit derived from a source of supply
classified as a high-voltage circuit, by connecting resistance in series with the supply
circuit to limit the voltage and current, is not considered to be a low-voltage circuit;

d) Safety Control Circuit — A circuit involving one or more safety controls.

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

3.25 FLUE, APPLIANCE - The flue passages within the appliance.

3.26 FLUE COLLAR - That portion of an appliance intended for attachment of the chimney or vent
connector.

3.27 FURNACE, CENTRAL WARM-AIR — A self-contained indirect-fired appliance ¢onstrudted to supply
heated air thfough ducts to spaces remote from or adjacent to the appliance location.

3.28 FURNACE, DOWNFLOW - A forced-air type central furnace constructed-with air floy through the
furnace essentially in a vertical path, discharging air at or near the bottom,of the furnace[as shown in
Figure 3.1.
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Types of forciidg-l;? 31;1ntral furnaces
UPFLOW FURNACE HORIZONTAL FURNACE
BLOWER
\\\~ DOWNFLOW FURNACE
BLOWER| ——

| BLOWER
UPFLOW FURNACE T (

_/ _‘—

S2590 Note: Arrows indicate direction of air flow.
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3.29 FURNACE, HORIZONTAL — A forced-air type central furnace constructed with air flow through the
furnace essentially in a horizontal path as shown in Figure 3.1.

3.30 FURNACE, UPFLOW - A central furnace constructed with air flow through the furnace essentially
in a vertical path, discharging air at or near the top of the furnace as shown in Figure 3.1.

3.31 IGNITION, INTERMITTENT - Ignition by an energy source that is continuously maintained
throughout the time the burner is firing.

3.32 IGNITION, INTERRUPTED - An ignition system that is energized each time the main burner is to
be fired and de-energized at the end of a timed trial-for-ignition period or after the main flame is

established.

3.33 IGNITI(
to the pilot is

3.34 INTERI
that determin

3.35 OIL, FU
3.36 OIL, W
fluids, or bra
chemical and

3.37 PILOT

3.38 PILOT

DN, MANUAL — Ignition by an energy source that is manually energized and-w
lighted automatically when the ignition system is energized.

[OCK — A control used to determine the physical state of a required condition
ation to the primary safety control of the appliance.

EL — Any hydrocarbon oil as defined by the Specifications for Fuel Qils, ANSI
ASTE — Used automotive crankcase oils (which may contain unburned gasoline,
ke fluids). Waste oils may be a mixture of these/fjuids and may vary conside

physical properties.

- A flame that is used to ignite the fuel at the main burner or burners.

proved pilot before the flame-sensing device is_required to detect pilot flame.

3.39 PILOT,
the pilot flam

3.40 PUMP,
through cont
is not intendg

e prior to permitting the main burner fuel to be delivered for combustion.

OIL-TRANSFER —«An oil pump, automatically or manually operated, that
nuous piping from-a:supply tank to an oil-burning appliance or to an auxiliary
d to stop pumping’automatically in case of total breakage of the oil supply line

here the fuel

and to signal

ASTM D396.

transmission
rably in their

FLAME-ESTABLISHING PERIOD — The period of time fuel is permitted to be gelivered to a

PROVED - A pilot flame supervised by a primary safety control that senses th¢ presence of

transfers oil
tank and that
between the

and adjacent

pump and the appliance,

3.41 RADIATION SHIELD — A separate panel or panels located between heating surfaces
objects to reqluce feat transmission by radiation.

3.42 RADIATOR="Auxittary treattransfer-surfaceswithimthecasing, conmectedbetweenth

chamber and the flue collar.

2 combustion

3.43 SERVICING — The periodic tasks performed to operate and maintain an appliance, such as air, fuel,
pressure, and temperature regulation, cleaning, lubrication, and resetting of controls. Repair and
replacement of parts other than those expected to be renewed periodically are not considered to be
servicing tasks. Some examples of servicing are:

a) Cleaning or replacing nozzles, atomizers, and pilots;

b) Setting ignition electrodes;
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c) Cleaning strainers or replacing strainer or filter element;

d) Resetting a safety control; and

e) Replacing an igniter cable.

3.44 SPECIAL PARTS AND TOOLS - Those parts and tools that are not generally available on the open

retail market.

3.45 STRAINER, PRIMARY — The strainer through which all oil first passes on the way to the burner and
that is located upstream from any other strainer.

3.46 STRAIN
fuel line betw

3.47 TRIAL-
delivered intq

3.48 UNIT H
may be floor

for circulation of air and is to be used for the heating of a nonresidéntial space. A unit hg

equipped wit

3.49 VALVE
completely ty

3.50 VALVE
oil valve for (

a)M

b) Sa
burn

4 Compone
4.1 Except g
requirementg

used in the g

4.2 A compd

IER, SECONDARY — A strainer downstream from the primary strainer that Js
een the primary strainer and the point at which fuel is delivered for combustio
the ignition zone before the main flame-sensing device is requiredto detect n

EATER — A self-contained, automatically controlled, indirect:fired air heating 3
mounted or of the suspended type. A unit heater is equipped with an integral

n louvers or face extensions by the manufacturer.

MANUAL OIL SHUT-OFF — A manually operated valve in the oil line for th
rning on or shutting off the oil supply to the Burner.

OIL CONTROL — An automatically or manually operated device consisting ess
ontrolling the fuel supply to a burner:

btering (Regulating) Valve — An @il control valve for regulating burner input;

fety Valve — A normally clesed valve of the “on” and ”off” type, without any by
br, that is actuated by a'safety control or by an emergency device.

hts
s indicated_in\4.2, a component of a product covered by this standard shall co
for that edmponent. See Appendix A for a list of standards covering compone

roducts covered by this standard.

nenhtvis not required to comply with a specific requirement that:

ocated in the
.

FOR-IGNITION PERIOD — The period of time the main burner fuel ‘is pefmitted to be

hain flame.

ppliance that
fan or blower
bater may be

e purpose of

entially of an

pass to the

mply with the
nts generally

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

4.4 Specific components are incomplete in construction features or restricted in performance capabilities.
Such components are intended for use only under limited conditions, such as certain temperatures not
exceeding specified limits, and shall be used only under those specific conditions.

CONSTRUCTION
5 Protection of Users and Service Personnel
5.1 An uninsulated high-voltage live part and a moving part that may cause injury to persons shall be

located, guanded, or enclosed to reduce the risk of unintentional contact by personnel periofming service
functions thaf may have to be performed while the equipment is energized.

5.2 Service {unctions that may have to be performed with the equipment energized.include
a) Adjusting the setting of temperature controls with or without markéd dial settings

b) Rgsetting control trip mechanisms;

¢) Operating manual switches; or

d) Adjusting air-flow dampers.

A factory set|and sealed control is not considered to be @djustable.

that are not
ing belts and

5.3 The reqtirements specified in 5.1 are not applicable to mechanical service functions
rmed with the equipment energized."Such functions include adjusting or replag
cleaning and|replacement of strainers and oilfilters.

5.4 Adjustable or resettable electrical eahtrol or manual switching devices may be located or
regard to uninsulated high-voltage live’ parts so that manipulation of the mechanism fo
resetting, or pperation can be accomplished in the intended direction of access if uninsulateg
live parts or moving parts that-may cause injury to persons are not located:

a) In|front of the_mechanism in the direction of access; and

b) Wjthin 6.ibches (152 mm) on any side or behind the mechanism, unless guarded.

oriented with
adjustment,
high-voltage

maintenance

5.5 An electficalecontrol component that may require examination, adjustment, servicing, or
while energi i j i ifi

ally intended

for that purpose) shall be located and mounted with regard to other components and with regard to
grounded metal parts so that the component is accessible for electrical service functions without

subjecting service personnel to:
a) The risk of electric shock from adjacent uninsulated live parts; or

b) Injury from adjacent moving parts.
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5.6 Accessibility and protection from the risk of electric shock and accidental contact with moving parts
that may cause injury to persons may be accomplished by mounting the control components in an
assembly so that unimpeded access is provided to each compartment through an access cover or panel
in the outer cabinet or the cover of the control assembly enclosure, as shown in Figure 5.1, with the

following arra

ngement:

a) The components are located with regard to the access opening in the outer cabinet so that
the component in the control assembly that is located farthest from the access opening is no

more

than 14 inches (356 mm) from the plane of the access opening;

b) Uninsulated high-voltage live parts outside the control assembly projected clear space
(except for live parts within a control panel) or unguarded moving parts are located at least 6

inchq

be bpunded on the sides by the projection of the smallest rectangular perimeteirsu
outsifle edge of the components or control enclosure when provided. The agcess a
cons|dered to be bounded on the sides by the projection of the perimetersef the acq
in the outer cabinet to the closest rectangular perimeter surrounding the©utside ed

comy

¢) THe volume generated by the projected clear space of the control assembly to th

open

inclugling wiring;

d) Ad

by other components or by wiring in the assembly; and

e) Ex
encld

s (152 mm) from any side of the access area. T'he projected clear space Is cansidered to

onent or control enclosure;

rounding the

rea is

€ss opening

pe of the

€ access

ng in the outer cabinet (within the access area) is complétely free of obstructipns,

cess to the components in the control assemblyis'not impeded in the direction of access

tractor-type fuseholders and snap switchies mounted through the control assembly

sure are to be located so that:

1) There is unimpeded access, to these components through the access opgning in the

outer cabinet: and

2) They are not immediately adjacent to uninsulated live parts outside the g
assembly enclosure -as specified in 5.4, unless guarded.

ontrol
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Figure 5.1

Accessibility and protection
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5.7 Components in a low-voltage circuit shall comply with the requirements specified in 5.5 in their

relation to un

insulated live parts in a high-voltage circuit and to moving parts.

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

a) Coils of controllers;

b) Relays and solenoids;

c¢) Transformer windings, if the coils and windings are provided with insulating overwraps;

d) Enclosed motor windings;

e) In

f) Ins

5.9 Moving parts such as fan blades, blower wheels, pulleys, or belts that may cause inju

shall be encl
5.10 If the re

a) Th
of to

b) Arn
c) A

insta
door

5.11 The dis
shall be in

exceed 3 inc
in Table 5.1
interpolation
dimension of

can be insert

sulated terminals and splices; and

ulated wire.

bsed or guarded.
moval of doors, panels, or shields will expose moving, parts:

e opening or removal of the door, panel, or shield’interlocking device shall reg
DIS;

interlocking device shall shut off the mechanism; or

warning marking as specified in 34.6_shall be provided where readily visible af
lation to warn the user to shut off ttie“equipment before removing or opening t

ccordance with Table 5.1} ‘and the minor dimension of the opening shall not
hes (76.2 mm). For an opening having a minor dimension between two of the va
the distance fromithe opening to the moving part shall be no less than t
between the €aorresponding values in the right-hand column of the tablg
the opening‘shall be determined by the largest hemispherically tipped cylindrig
ed through.the opening with a force of 5 pounds (22 N).

b

y to persons

uire the use

er
ne cover or

tance from an opening in.a\required guard or enclosure to the moving part indlicated in 5.9

in any case
lues included
hat found by
. The minor
al probe that
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Table 5.1
Dimensions of openings in enclosure

Minor dimensions of opening? Minimum distance from opening to moving part
Inches (mm) Inches (mm)
1/4 (6.4) 1/2 (12.7)
3/8 (9.5) 1-1/2 (38.1)
1/2 (12.7) 2-1/2 (63.5)
3/4 (19.1) 4-1/2 (114)
1 (25.4) 6-1/2 (165)
1-1/2 (38.1) 10-1/2 (267)
2 t56-8Y H4—H2 {368)
3 (76.2) 30 (769)

2 Openings lgss than 1/4 inch (6.4 mm) are not to be considered.

5.12 If a mqving part is unlikely to be contacted through the opening because'of fixed |components,
including baffles, the moving part shall not be considered when determining cormpliance withh 5.1 and 5.9.

6 Enclosuregs

6.1 General

6.1.1 Uninsylated high-voltage live parts shall be enclosed or guarded to reduce the risk offunintentional
contact by pgrsons during intended use of the equipment.~This applies also to uninsulated high-voltage
live parts located in a compartment into which access isgrequired for servicing of the equipment, such as

resetting confrols, replacing filters, lubrication, and cleaning.

6.1.2 Amongd the factors taken into considerationnwhen determining the acceptability of an gnclosure are:

a) Mgchanical strength;
b) Rgsistance to impact;
c) Moisture-absorptive-properties;

d) Flammability;

sistangéto corrosion; and

fy R
cond

istance to distortion at temperatures to which the enclosure may be subjected under

For a nonmetallic enclosure or nonmetallic part of an enclosure, all of these factors shall be considered

with regard to thermal and chemical aging.

6.1.3 The enclosure shall prevent the emission of molten metal, burning insulation, flaming particles, or
the like through openings onto flammable material, including the surface on which the equipment is

mounted.
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6.1.4 Terminal housings of motors, to which connections are to be made in the field, shall be made of
metal and shall be sized in accordance with the National Electrical Code, ANSI/NFPA 70.

6.1.5 Steel enclosures shall be protected against corrosion by painting, plating, or other equivalent

means.

6.1.6 Sheet metal complying with Table 6.1 or 6.2, whichever is appropriate, is acceptable for the
individual enclosure of electrical components.

6.1.7 If the construction and location of the component and the strength and rigidity of the outer cabinet
warrant, an individual enclosure of metal thinner than as specified in Table 6.1 or 6.2, whichever is
applicable, may be used.

6.1.8 If insulating material other than electrical insulation is provided within the enclosure|, the burning
characteristids and flammability of the material and the proximity of an ignition sourcershall bg considered.

6.1.9 Each intended mounting position of the unit shall be considered whenCdetermining if the unit

complies with

the requirement specified in 6.1.3.

6.1.10 A jungtion box that is formed in part by another part such as a_ fan’' scroll or a motof casing shall

fit such that:

a) Arn

opening between the box and motor frame having ‘& dimension greater than 1/2 inch

(12.7 mm) does not permit the entrance of a flat feeler gauge that is 5/64 inch (2.0 {mm) thick
by 1R inch (12.7 mm) wide; and

b) An

does|not permit the entrance of a 13/64-ineh* (5.2-mm) diameter rod.

Table 6.1
Minimunp thickness of sheet metal.for electrical enclosures carbon steel or stainl¢ss steel

opening between the box and motor frame having no dimension greater than|1/2 inch

Without|supporting frame? With supporting frame or equivalent Minimum thickhess
reinforcing?
Maximum width,? [ Maximum ledgth® | Maximum width® | Maximum length Uncoated dinc coated
in in in in

Inches (cm) Inches. (cm) Inches (cm) Inches (cm) Inch (mm) In¢h (mm)
4.0 (19.2) Not limited 6.25 (15.9) Not Limited 0.0204 (0.51) 0.024 (0.58)
4.75 (12.1) 575 (14.6) 6.75 (17.1) 8.25 (21.0)
6.0 (1%.2) Not limited 9.5 (24.1) Not limited 0.0264 (0.66) 0.02¢d (0.74)
7.0 (1.8} 8.75 (22.2) 10.0 (25.4) 12.5 (31.8)
8.0 (20.3) Not limited 12.0 (30.5) Not limited 0.032 (0.81) 0.034 (0.86)
9.0 (22.9) 11.5 (29.2) 13.0 (33.0) 16.0 (40.6)
125 (31.8) Not limited 19.5 (49.5) Not limited 0.042 (1.07) 0.045 (1.14)
14.0 (35.6) 18.0 (45.7) 21.0 (53.3) 25.0 (63.5)
18.0 (45.7) Not limited 27.0 (68.6) Not limited 0.053 (1.35) 0.056 (1.42)
20.0 (50.8) 25.0 (63.5) 29.0 (73.7) 36.0 (91.4)
22.0 (55.9) Not limited 33.0 (83.8) Not limited 0.060 (1.52) 0.063 (1.60)
25.0 (63.5) 31.0 (78.7) 35.0 (88.9) 43.0 (109.2)
25.0 (63.5) Not limited 39.0 (99.1) Not limited 0.067 (1.70) 0.070 (1.78)
29.0 (73.7) 36.0 (91.4) 41.0 (104.1) 51.0 (129.5)
33.0 (83.8) Not limited 51.0 (129.5) Not limited 0.080 (2.03) 0.084 (2.13)

Table 6.1 Continued on Next Page
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Table 6.1 Continued

Without supporting frame? With supporting frame or equivalent Minimum thickness
reinforcing?
Maximum width,? [ Maximum length® | Maximum width® | Maximum length Uncoated Zinc coated
in in in in

Inches (cm) Inches (cm) Inches (cm) Inches (cm) Inch (mm) Inch (mm)
38.0 (96.5) 47.0 (119.4) 54.0 (137.2) 66.0 (167.6)
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)
52.0 (132.1) Not limited 80.0 (203.2) Not limited 0.108 (2.74) 0.111 (2.82)
60.0 (1524 40 {+88-6) 84-6 (24+34) +63-6 {2646
63.0 (160.0) Not limited 97.0 (246.4) Not limited 0.123 (3.12) 01126 (3.20)
73.0 (186.4) 90.0 (228.6) 103.0 (261.6) 127.0 (322.6)

a A supporting frame is a structure of angle or channel or a folded rigid section of sheet metal that isgrigidly attached to and has
essentially the fame outside dimensions as the enclosure surface and that has sufficient torsional figidity to resisf the bending
moments that ay be applied by the enclosure surface when it is deflected. An enclosure thatis-considered to have equivalent
reinforcing may be accomplished by constructions that will produce a structure that is as rigid as/one built with a frame of
angles or chanpels. Constructions considered to be without a supporting frame include, a single sheet with singld formed
flanges (formed edges), a single sheet that is corrugated or ribbed, and an enclosure surface loosely attached to|a frame, for
example, with gpring clips.
b The width is the smaller dimension of a rectangular sheet metal piece that is part/of an enclosure. Adjacent surfaces of an
enclosure may fhave supports in common and be made of a single sheet.

¢ For a panel that is not supported along one side, such as a side panel ofsa box, the length of the unsupported $ide shall be
limited to the dlmensions specified unless the side in question is provided‘with a flange at least 1/2 inch (12.7 mm) wide.

d Sheet metal for an enclosure intended for outdoor use shall complywith the requirements for outdoor use equigment.

Table 6.2
Minimunp thickness of sheet metal for electrical enclosures carbon steel or stainlgss steel
Without supporting frame? With supporting frame equivalent reinforcing? Minimym thickness
Maximum width® in Maximum length® in Maximum width® in Maximum length in
Inches (cm) Inches (cm) Inches (cm) Inches (cm) Inch (mm)
3.0 (7.6) Not limited 7.0 (17.8) Not limited 0.023¢ (0.58)
3.5 (8.9) 4.0 (10.2) 8.5 (21.6) 9.5 (24.1)
4.0 (10.2) Not' limited 10.0 (25.4) Not limited 0.029 (0.74)
5.0 (12.7) 6.0 (15.2) 10.5 (26.7) 13.5 (34.3)
6.0 (15.2) Not limited 14.0 (35.6) Not limited 0.036 (0.91)
6.5 (16.5) 8.0 (20.3) 15.0 (38.1) 18.0 (45.7)
8.0 (20:3) Not limited 19.0 (48.3) Not limited 0.045 (1.14)
9.5 (24.1) 11.5 (29.2) 21.0 (53.3) 25.0 (63.5)
12.0 (30.5) Not limited 28.0 (71.1) Not limited 0.058 (1.47)
14.0 (35.6) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0)
18.0 (45.7) Not limited 42.0 (106.7) Not limited 0.075 (1.91)
20.0 (50.8) 25.0 (63.5) 45.0 (114.3) 55.0 (139.7)
25.0 (63.5) Not limited 60.0 (152.4) Not limited 0.095 (2.41)
29.0 (73.7) 36.0 (91.4) 64.0 (162.6) 78.0 (198.1)
37.0 (94.0) Not limited 87.0 (221.0) Not limited 0.122 (3.10)
42.0 (106.7) 53.0 (134.6) 93.0 (236.2) 114.0 (289.6)
52.0 (132.1) Not limited 123.0 (312.4) Not limited 0.153 (3.89)
60.0 (152.4) 74.0 (188.0) 130.0 (330.2) 160.0 (406.4)

Table 6.2 Continued on Next Page
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Table 6.2 Continued

Without supporting frame? With supporting frame equivalent reinforcing? Minimum thickness

Maximum width® in
Inches (cm)

Maximum length in
Inches (cm)

Maximum width® in
Inches (cm)

Maximum length€ in
Inches (cm)

Inch (mm)

a A supporting frame is a structure of angle or channel or a folded section of sheet metal that is rigidly attached to and has
essentially the same outside dimensions as the enclosure surface and that has sufficient torsional rigidity to resist the bending
moments that may be applied by the enclosure surface when it is deflected. An enclosure that is considered to have equivalent
reinforcing may be accomplished by constructions that will produce a structure that is as rigid as one built with a frame of
angles or channels. Constructions considered to be without a supporting frame include, single sheet with formed flanges
(formed edges), a single sheet that is corrugated or ribbed; and an enclosure surface loosely attached to a frame, for example,
with spring clips.

b The width is fhe smaller dimension of a rectangular sheet metal piece that is part of an enclosure. Adjacent surfaces of an
enclosure may fhave supports in common and be made of a single sheet.
¢ For a panel npt supported along one side, such as a side panel of a box, the length of the unsupported 'side shgll be limited to
the dimensiong specified. unless the side in question is provided with a flange at least 1/2 inch (12.7_ mm)/wide.
d Sheet metal for an enclosure intended for outdoor use shall comply with the requirements for outdo@r use equipment.

6.1.11 To repuce the likelihood of unintentional contact that may involve a risk of electric shock from an
uninsulated live part or film-coated wire, an opening in an enclosure shall.comply with one of the following:

a) For an opening that has a minor dimension, as definedsin 6.1.15, less than 1 ingh (25.4
mm)] such a part or wire shall not be contacted by the ptrobe illustrated in Figure 6/1; and

b) Fpr an opening that has a minor dimension of 1_inch or greater, such a part or wire shall be
spacgd from the opening as specified in Table 6.3.

Exception: An opening in an integral enclosure of a motor need not comply with these requirements if it
complies with the requirements specified in 6.1.-12.

Table 6.3
Minimum adceptable distance from an'opening to a part that may involve a risk of elgctric shock
Minor dimension? of gpéning Minimum distance from opening to part
In¢hes® (mm)® Inches (mny)
3/4 (19.1)¢ 4-1/2 (114Jo)
1°¢ (25.4)° 6-1/2 (165J0)
1-1/4 (31.8) 7-1/2 (191)0)
1-1/2 (38.1) 12-1/2 (318)0)
1-7/8 (47.6) 15-1/2 (394)0)
4-18 (54.0) 17-1/2 (445)0)
d 30 (762.0)
a See 6.15.
b Between 3/4 and 2-1/8 inches, interpolation is to be used to determine a value between values specified in the table.
¢ Any dimension less than 1 inch applies to a motor only.
d More than 2-1/8 inches, but no more than 6 inches (152 mm).
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Figure 6.1
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6.1.12 With regard to a part or wire as specified in 6.1.11, for an integral enclosure of a motor as specified
in the exception of 6.1.11:

a) An opening that has a minor dimension, as defined in 6.1.15, less than 3/4 inch (19.1 mm) is
acceptable if:

1) Film-coated wire cannot be contacted by the probe illustrated in Figure 6.2;

2) In a directly accessible motor as specified in 6.1.16, an uninsulated live part cannot
be contacted by the probe illustrated in Figure 6.3; or

3) In an indirectly accessible motor as specified in 6.1.16, an uninsulated live part
cannot be contacted by the probe Illustrated in Figure 6.4,

b) An opening that has a minor dimension of 3/4 inch or greater is acceptabte\if a part or wire is
spacgd from the opening as specified in Table 6.3.

Figure 6.2
Probe for film-coated wire
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Figure 6.3
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6.1.13 The probes specified in 6.1.11 and 6.1.12 and illustrated in Figures 6.1 — 6.4 shall be applied to
any depth that the opening will permit and shall be rotated or angled before, during, and after insertion
through the opening to any position that is necessary to examine the enclosure. The probes illustrated in
Figures 6.1 and 6.3 shall be applied in any possible configuration and, if necessary, the configuration shall
be changed after insertion through the opening.

6.1.14 The probes specified in 6.1.13 and 6.1.15 shall be used as measuring instruments to judge the
accessibility provided by an opening and not as instruments to judge the strength of a material; the probes
are to be applied with the minimum force necessary to determine accessibility.

6.1.15 With regard to the requirements specified in 6.1.11 and 6.1.12, the minor dimension of an opening
is the diameter of the largest cylindrical probe having a hemispherical tip that can be inserted through the
opening.

6.1.16 With regard to the requirements specified in 6.1.12, an indirectly accessible motor is|a motor that:
a) Islaccessible only by opening or removing a part of the outer enclosure; such asla guard or
panel, that can be opened or removed without using a tool; or
b) Is|located at such a height or is otherwise guarded or enclosed’so that it is unlikgly to be
contgcted. A directly accessible motor is a motor that:

1) Can be contacted without opening or removing-any part; or
2) Is located so as to be accessible to contact.

6.1.17 To dgtermine whether a product complies with:the requirements specified in 6.1.11 or 6.1.12, a

part of the enclosure that may be opened or remoyed*by the user without the use of a tool is fto be opened

or removed.

6.1.18 With fregard to the requirements.spécified in 6.1.11 and 6.1.12, insulated brush faps are not

required to b additionally enclosed.

6.2 Doors ahd covers

6.2.1 A covdr or access panel-of an enclosure for uninsulated high-voltage parts shall be provided with

means for se

6.2.2 A hing

curing it in place.

bd or pivoted panel or cover shall be positioned or arranged so that it is not sul

or swinging

rom ‘@n* open position due to gravity or vibration in such a manner as to cg

persons by tllme panel or cover or by moving parts or uninsulated live parts.

ject to falling
use injury to

6.2.3 The assembly shall be arranged so that an overcurrent protective device, such as a fuse, the
protective functioning of which requires renewal, can be replaced and so that manual-reset devices can
be reset without removing parts other than a service cover or panel and a cover or door enclosing the
device. A cover or door enclosing the device shall be hinged as described in 6.2.7.
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6.2.4 A required protective device shall be inaccessible from outside the appliance without opening a door
or cover.

Exception: The operating handle of a circuit breaker, the reset button of a manually resettable motor
protector, the reset button of a manually resettable limit control, and similar parts may project outside the
appliance enclosure.

6.2.5 An opening in an enclosure to provide clearance around a dial, knob, lever, or handle shall not allow
the entrance of a 9/64-inch (3.6-mm) diameter rod at any setting or position of such a part.

6.2.6 A fuseholder shall be constructed, installed, or protected so that adjacent uninsulated high-voltage
live parts within 4 inches (102 mm), other than the screw shell of a plug fuseholder, cartridge fuse clips,
or wiring termninals to the fuseholder, will not be exposed to contact by persons removing or replacing
fuses. An insplating barrier of vulcanized fiber or equivalent material used for this purpose.shiall be no less
than 0.028 irjch (0.71 mm) thick.

6.2.7 Other

a) Th
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Hed protective functioning of which requires renewal; or

e such as resetting a manual reset overload protettive device.

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

t load, such as a pilot lamp) are withinithe same enclosure;

pplementary-type fuses of 2 amperes or less for small auxiliary resistance hez
mum rating of 100 watts;

extractor-type fuse provided with its own enclosure; or
ses in low-voltage-gircuits.

covers, where required, shall not depend solely upon screws, or other s
use of togls, to hold them closed, but shall be provided with a catch or spring

ng latch, a magnetic latch, a dimple, or any other mechanical arrangement tha
and'will require some effort to open is considered to be an acceptable means f
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s necessary to open the cover in connection with thelihtended operation of the protective

ed control-

ters with a

milar means
latch.

[ will hold the

br holding the

door in plac

Y (. L0 0O
dsS SPellicu 1mr o.c.9.

6.2.11 A door or cover providing direct access to fuses in other than low-voltage circuits shall shut closely
against a 1/4-inch (6.4-mm) rabbet or the equivalent or shall have either turned flanges for the full length
of four edges or angle 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 no less than 1/2 inch (12.7 mm). A
construction that provides equivalent protection, such as a fuse enclosure within an outer enclosure or a
combination of flange and rabbet, is acceptable.
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6.2.12 Strips used to provide rabbets or angle strips fastened to the edges of a door shall be secured at
no less than two points that are no more than 1-1/2 inches (38.1 mm) from each end of each strip and at
points between these end fastenings no more than 6 inches (152 mm) apart.

6.2.13 An electron tube or similar glass-enclosed device shall be protected against mechanical damage.
6.3 Field wiring system connections
6.3.1 Sheet metal to which a wiring system is to be connected in the field shall have a thickness no less

than 0.032 inch (0.81 mm) if uncoated steel, no less than 0.034 inch (0.86 mm) if galvanized steel, and
no less than 0.045 inch (1.14 mm) if nonferrous material.

6.3.2 If thredds for the connection of conduit are tapped all the way through a hole in an-efclosure wall,

or if an equiyalent construction is used, there shall be no less than three and no more ltha

in the metal

nd the construction of the device shall be such that a conduit bushingyean b

threads for the connection of conduit are not tapped all the way through a holesin“an er

conduit hub,

r the like, there shall be no less than 3-1/2 threads in the metal anddhere shall

rounded inlef hole for the conductors. The inlet hole shall provide protection {0 the conductg

to that provi
same as thaf

6.3.3 An en
engaging wit

6.3.4 A knoq
without defor

6.3.5 A knog
shall be loca
not result in
Section 19, H

6.3.6 A plate

ed by a standard conduit bushing and shall have an internal, diameter appr
of the corresponding trade size of rigid conduit.

Closure threaded for support by rigid conduit shalliprovide at least five fu
n the conduit.

kout in a sheet-metal enclosure shall be seécured but shall be capable of bg
mation of the enclosure.

kout shall be provided with a flat surrQunding surface for seating of a conduit
ed so that installation of a bushing'at any knockout likely to be used during i
spacings between uninsulated diye parts and the bushing of less than thosg
ligh-Voltage Circuits and Section 20, Low-Voltage Circuits.

or plug for an unused conduit opening or other hole in the enclosure shall havj

of no less th@n:

a) 0.
havir

b) 0.
havir
thick

D14 inch (0.36 mm) for steel or 0.019 inch (0.48 mm) for nonferrous metal for
g a 1/4-inch {6.4-mm) maximum dimension; and

D27 inch (0.69 mm) for steel or 0.032 inch (0.81 mm) for nonferrous metal for

five threads
b attached. If
closure wall,
be a smooth,
rs equivalent
bximately the

| threads for

ing removed

bushing and
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specified in

e a thickness

h hole

h hole

shall

Il have a

ness“equal to that required for the enclosure of the device or a standard knocKout seal

g a 1=3/8-inch (34.9-mm) maximum dimension. A closure for a larger hole shq
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7 Field Wiring
7.1 General

7.1.1 Provision shall be made for connection of a power supply wiring system in accordance with the
National Electrical Code, ANSI/NFPA 70.

7.1.2 The location of an outlet box or compartment in which field-wiring connections are to be made shall
be such that the connections may be inspected after the equipment is installed as intended.

7.1.3 The connections shall be accessible without removing parts other than a service cover or panel or
the cover of the outlet box or compartment in which the connections are made. A component intended for
such use maly serve as a cover.

7.1.4 The size of a junction box in which field-installed conductors are to be connected by [splicing shall
be no less than that indicated in Table 7.1. A conductor passing through the box"is cojyinted as one
conductor and each conductor terminating in the box is also counted as one conductor. A field-provided
conductor fof high-voltage circuits is considered to be no smaller than 14 AWG-(2.1 mm?).

Table 7.1
Size of junction boxes
Size of conductors Free/space within box for each condyictor

AWG (mm?) cubic inches (cmf)

16 off smaller (1.3 or Less) 1.5 (24.6)
14 (2.1) 2.0 (32.8)

12 (3.3) 2.25 (36.9)

10 (5.3) 25 (41.0)

8 (8.4) 3.0 (49.2)

7.1.5 A knogkout for connection of a field wiring system to a terminal box or compartment shall

accommodate conduit of the trade size specified in Table 7.2.

Table 7.2
Trade size of conduit in inches (mm OD)
Wire size Number of wires
AWG (mm?) 2 3 4 5 6
14 21) 1/2 (21.3) 1/2 (21.3) 1/2 (21.3) 1/2 (21.3) 1R (21.3)
12 (33) 1/2 (21.3) 1/2 (21.3) 1/2 (21.3) 3/4 (26.7) 34 (26.7)
10 (5.3) 1/2 (21.3) 1/2 (21.3) 1/2 (21.3) 3/4 (26.7) 3/4 (26.7)
8 (8.4) 3/4 (26.7) 3/4 (26.7) 3/4 (26.7) 1 (33.4) 1 (33.4)
6 (13.3) 3/4 (26.7) 1 (33.4) 1 (33.4) 1-1/4 (42.3) 1-1/4 (42.3)
4 (21.2) 1 (33.4) 1 (33.4) 1-1/4 (42.3) 1-1/4 (42.3) 1-1/2 (48.3)
3 (26.7) 1 (33.4) 1-1/4 (42.3) 1-1/4 (42.3) 1-1/2 (48.3) 1-1/2 (48.3)
2 (33.6) 1 (33.4) 1-1/4 (42.3) 1-1/4 (42.3) 1-1/2 (48.3) 2 (60.3)
1 (42.4) 1-1/4 (42.3) 1-1/4 (42.3) 1-1/2 (48.3) 2 (60.3) 2 (60.3)
NOTES

Table 7.2 Continued on Next Page
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Table 7.2 Continued

Wire size

AWG

(mm?)

Number of wires

2 3 4 5

6

1 The values in this table are based on the assumption that all conductors will be of the same size and that there will be no

more than six conductors in the conduit. If more than six conductors will be involved or if all of them are not of the same size,
the internal cross-sectional area of the smallest conduit that may be used is determined by multiplying the total cross-sectional
area of the wires by 2.5, based on the cross-sectional area of Type THW wire.

2 Trade size per Specification for Zinc Coated Rigid Steel Conduit, ANSI C80.1.

7.1.6 Wiring exterior to the appliance between the burner assembly and a limit control, a safety

combustion
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viring of the product may tetminate in a length of flexible metal conduit with g
r equivalent enclosure intended for connection of the product to the wiring sys
conduit terminates in.an-outlet box larger than 4 by 4 by 2 inches (102 by 102
nection, locknuts onithe fittings are not acceptable as a means to prevent loo
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ncluded unless:
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ntrols, where
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7.2 Leads and terminals

7.2.1 Wiring leads or terminals no less than 6 inches (152 mm) long shall be provided for connection of
field-wiring conductors of at least the size required by the National Electrical Code, ANSI/NFPA 70, and
corresponding to the marked rating of the assembly.

Exception: A lead may be less than 6 inches long if it is evident that the use of a longer lead may result
in damage to the lead insulation.

7.2.2 A lead intended for connection to an external circuit shall be provided with strain relief if stress on
the lead may be transmitted to terminals, splices, or internal wiring that may cause the lead to separate
from its termination or result in damage to the lead from sharp edges. Each lead shall withstand for 1
minute a pullfof 10 pounds-force (44.5 N) without damage to the assembly.

7.2.3 A lead|or terminal for the connection of a grounded conductor shall not be electrically [connected to
a single-pole|manual switching device that has an off position or to a single-pole overcurrent|(not inherent
overheating) [protective device.

7.2.4 At ternpinals, stranded conductors shall be prevented from contacting, other uninsulated live parts
and from conttacting dead metal parts. This may be accomplished by use ‘of pressure-termingl connectors,
soldering lugs, crimped eyelets, soldering all strands of the wire together, or equivalent means. Open
slot-type conpectors shall not be used unless they prevent disconhéction resulting from Io%ening of the
clamping mdans. The shanks of terminal connectors shall be\protected by insulating fubing or the
equivalent if fhe required spacings may be reduced as a result of loosening of the clamping means. The
thickness of the insulation on the shanks shall be no less than 0.028 inch (0.71 mm).

7.2.5 Field-wWiring terminals shall be secured to their*supporting surfaces by methods othef than friction
between surfaces so that they will be prevented from turning or shifting in position if such motion may
result in reduction of spacings to less than those specified in Section 19, High-Voltage Circuits or Section
20, Low-Voltage Circuits, as applicable. Thisrmay be accomplished by:

a) TWwo screws or rivets;

b) Square shoulders or mortices;

c) A dowel pin, lug,r offset;

d) A connecting:strap or clip fitted into an adjacent part; or

e) Sgme Gther equivalent method.

7.2.6 Conduttors-ntendetdforconmectiontoagrounded meutrattime—statt-be-identifredtbybeing finished
a white, green, or gray color. All other current-carrying conductors visible to the installer shall be finished
in colors other than white, green, or gray. A terminal for connection of a grounded conductor shall be
identified by a metallic-plated coating, substantially white in color, and shall be readily distinguishable from
other terminals or it shall be identified in some other manner, such as on an attached wiring diagram.
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7.2.7 Leads provided for spliced connections to an external high-voltage circuit shall not be connected to
wire-binding screws or pressure terminal connectors located in the same compartment as the splice and
shall not be 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.

7.2.8 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 7.2.5, 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 secure the wire in position.

7.2.9 A wire binding screw at a high-voltage wiring terminal for field connection shall be no smaller than
No. 10 (4.8 mm major diameter).

Exception Ng. 1: A No. 8 (4.2 mm major diameter) screw may be used for the connection of a conductor
no larger thap 14 AWG (2.1 mn?).

Exception N¢. 2: A No. 6 (3.5 mm major diameter) screw may be used for the-connection pf a 16 or 18
AWG (1.3 0r]0.82 mm?) control-circuit conductor.

7.2.10 A terrninal plate for a wire-binding screw shall be of metal no l€ss than 0.030 inch (0{76 mm) thick
for a 14 AWG (2.1 mm?) or smaller wire and no less than 0.050 inch{(1.27 mm) thick for a wife larger than
14 AWG; andl in either case there shall be no less than two fullthreads in the metal.

7.2.11 A terminal plate formed from stock having the mifimum required thickness may hgve the metal
extruded at the tapped hole for the binding screw so as {0 provide two full threads.

7.2.12 A wirg-binding screw shall thread into metal.
8 Internal Wiring
8.1 General

8.1.1 The wifing of high-voltage and safety-control circuits shall comply with the requiremepts in 8.1.2 —
8.3.2.

8.1.2 Wiring[shall be made with insulated conductors having a current-carrying capacity andl voltage and
temperature fatings caensistent with their use. A conductor, other than an integral part of 8 component,
shall be no saller.than 18 AWG (0.82 mm?).

8.1.3 Except.asvindicated in 7.1.6, the wiring for all appliance circuits shall be proyided by the
manufacturer—aspartoftheapptiance—ttheapptiance s motassembted—and-wired—=atthe-factory, such
wiring shall be provided as a harness with each appliance and shall be located to facilitate attachment
when the appliance is assembled. If the wiring is provided as a harness, a pictorial diagram showing the
exact arrangement of the wiring shall be included with each appliance.
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8.1.4 If insulated conductors rated for use at temperatures exceeding 60°C (140°F) are required, such
wiring shall be provided as part of the assembly. The devices to be connected by such wiring shall be
factory-installed on the appliance.

8.2 Methods

8.2.1 Electrical wiring to a part that must be moved for maintenance and servicing shall be located so that
the part may be moved without breaking soldered connections or disconnecting conduit. Conductors to be
disconnected from terminals of such a part shall terminate in eyelets or connectors. If the wiring is to a
part that also functions as an access plate or cover, 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 the part shall not unduly twist, bend, or pull the wiring.

8.2.2 Excepl as specified in 8.2.14 and 8.2.15, conductors shall be enclosed within_¢onquit, electrical
metallic tubirjg, a metal raceway, an enclosure, or metal-clad cable.
8.2.3 Group|A of Table 8.1 identifies wiring materials suitable for use if enclosedyas specified in 8.2.2.
Table 8.1
Typical wiring materials
Group |Type of wire, cord, cable, or appliance wiring material with Wire size Insulagion thickness
insplation thicknesses and corresponding wire sizes as > i
indicated AWG (mm?) incl (mm)
10 and (5.3) 2/64 (0.8)
smaller
8 (8.4) 3/64 (1.2)
6 (13.3) 4/64 (1.6)
4 (21.2) 4/64 (1.6)
RF®, FF2, FFH2, TF, TFF, TFN, TFFN, SF2,ySFF2, RH, RHH, RHW, 3 (26.7) 4/64 (1.6)
A RUH, T, THW, XHHW, MTW, THW-MTW, THWN, TW, or ’ ’
thefmoplastic appliance wiring material. 2 (33.6) 4/64 (1.6)
1 (42.4) 5/64 (2.0)
1/0 (53.5) 5/64 (2.0)
2/0 (67.4) 5/64 (2.0)
3/0 (85.0) 5/64 (2.0)
4/0 (107.0) 5/64 (2.0)
18 (0.82) 4/64 (1.6)
16 (1.3) 4/64 (1.6)
B SO| STNSJO, SJT, or appliance wiring material with thermoplastic or 14 @1 5/6¢ (2.0)
nedptene insulation 12 (3:3) 5/64 (2.0)
T0 5.3) 5764 (2.0)
8 (8.4) 6/64 (2.4)
6 (13.3) 8/64 (3.2)
NOTE — Thermoplastic wiring materials, as referenced in Group A, with insulation thickness of 2/64 inch (0.8 mm) for 16 or 18
AWG (1.3 or 0.082 mm3) and 3/64 inch (1.2 mm) for 14, 12, 10, or 8 AWG (2.1, 3.3, 5.3, or 8.4 mm?) are considered equivalent
to the wiring material referenced in Group B when the conductors are covered with 1/32 inch (0.8 mm) wall thickness
thermoplastic insulating tubing of a type recognized for the purpose from the standpoint of dielectric properties, heat resistance,
moisture resistance, and flammability.

8.2.4 Flexible metal conduit shall be no smaller than nominal 3/8-inch electrical trade size as indicated in
the Specification for Zinc Coated Rigid Steel Conduit, ANSI C80.1.
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Exception: Parts of components, such as conduit protecting flame sensor leads, need not comply with
this requirement.

8.2.5 Flexible metal conduit shall be mechanically secured at intervals not exceeding 4-1/2 feet (1.4 m)
and within 12 inches (305 mm) on each side of every junction box. If flexibility is necessary, flexible metal
conduit shall be mechanically secured at intervals not exceeding 4-1/2 feet and within 3 feet (0.91 m) on
each side of every junction box.

8.2.6 All splices and connections shall be mechanically secure and electrically bonded. A soldered
connection shall be made mechanically secure before being soldered if breaking or loosening of the

connection may result in the risk of fire or electric shock.

8.2.7 A spliq
permanence

8.2.8 Splicin
if the device
edge is not g

8.2.9 Splices

motion, or vilpration.

8.2.10 A spl
enclosed cor
be used. Sp
compartment

8.2.11 At all
abrasion. If 1
the conducto
equivalent w

8.2.12 A wir
mechanical 4
burrs and sh

8.2.13 All wi

8.2.14 Factq

assembly with a predetermined fixed relationship may be done with Type SO or ST cord

complies with

e shall be provided with insulation equivalent to that required for the wirg
of spacing between the splice and other metal parts is not provided.

p devices, such as fixture-type splicing connectors or pressure wire cannectors,
5 have insulation rated for the voltage involved. Thermoplastic tape wrapped
n acceptable means of insulation.

shall be located, enclosed, and supported to protect against-damage resulting

ce is considered to be enclosed when installed’in/a junction box, control
hpartment in which high-voltage wiring materialsy.as specified in Group A of T
lices in enclosed machinery compartmentsshall be secured to a fixed m
so that the splices are not subject to movement or damage during servicing.

points where conduit or metal tubingiterminates, the conductors shall be p
netal-clad cable is used, an insulating bushing or the equivalent shall be prov
I's and the armor and the connector or clamp shall be such that the insulating
| be visible for inspection.

eway shall be such that)the interconnection of sections and fittings will pr
ssembly and will provide electrical conductivity. The interior of the wireway shal
brp corners or edges*which might cause damage to the insulation on wires.
ring shall be supported and routed to prevent damage from sharp edges or mg

ry wiring )involving a potential of 300 volts or less between parts attached

the“following:
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a) It is not practical to do the wiring in accordance with 8.2.3;

b) The cord is not required to be bent, twisted, or otherwise displaced to conduct routine
maintenance and service; and

¢) The length of cord exterior to the assembly is no more than 4 inches (102 mm) and strain

relief

is provided.
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8.2.15 Cords or appliance wiring material as referenced in Group B of Table 8.1 may be used if the wiring
is enclosed by the appliance casing or compartment complying with 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 appliance is for installation on noncombustible flooring only, the bottom of such
compartment may be open provided all sides of the compartment extend to the floor level;

c¢) Openings in other than the bottom will not permit the entrance of a 1/2-inch (12.7-mm)
diameter rod and openings for parts such as pipe or conduit are no more than 1/2 inch diameter

large

r than the object that will be inserted through the opening;

d) O
bafflg
prote
SO as
with

draw|
wher

that an object falling vertically cannot enter the compartment through the louvered ¢

e) Fl
is se
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h metal of a form that completely obscures viewing of the witing within the con
viewed from the horizontal outside the compartment. The openings shall be |
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regard to of 8.2.15 (e), plastic materials shall be classified in accordance with
Flammability of Plastic Materials for Patts in Devices and Appliances, UL 9
naterials shall have equivalent characieristics.

and appliance wiring material that comply with the requirements in 8.2.15 an
avoid being damaged, such.as by closely following surfaces, and shall be sup
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plying the requirement specified in 8.2.15, an opening that is always int
an air duct may be considered as closed.

in walls or_partitions through which insulated wires or cords pass and on wh
provideddyith smooth, rounded bushings or surfaces that have been rolled or ¢
es or cdords may bear, so that the insulation is not abraded. Bushings, if requ
holic,"cold-molded composition, fiber, or equivalent material.

barated from the wiring material. An air filter may, be used within the enclosure]
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a) Be no less than 3/64 inch (1.2 mm) thick;

b) Be located so that it will not be exposed to moisture; and

¢) Not be used where it will be subjected to a temperature higher than 90°C (194°F) under
intended operating conditions.
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8.2.21 Factory wiring of a low-voltage safety circuit may be:

a) Type SP2 cord having only neoprene insulation;

b) Type SPT2 cord or appliance wiring material having neoprene, thermoplastic, or equally

durable insulation of equivalent thickness; or

c) Low-energy safety control wire, if such wiring is located in a cavity or compartment of an

appliance and is shielded from damage.

8.3 Short circuit protection

8.3.1 Excepf as indicated in 8.3.2, conductors of motor circuits having two or more motors
of which is thhermal or overcurrent protected, and wired for connection to one supply line's

iLone or more
all withstand

the conditionp of the short-circuit test described in Section 28, Short-Circuit Test, without cfeating a risk

of fire or eleqtric shock.

8.3.2 Conduftors that comply with the following need not be subjected to thé)short-circuit tgst described

in Section 2§, Short-Circuit Test:

a) Conductors that have no less than one-third the ampacity ¢fjthe required branchtcircuit

conductors;

b) Conductors that are 18 AWG (0.82 mm?) or larget\and that are no more than 4 feet (1.2 m)
long,| provided that the circuit will be protected by ‘@Jfuse or HACR Type circuit bregker that is
rated 60 amperes or less as specified on the preduct nameplate or provided as patt of the

prodiict and that is acceptable for branch-circuit protection; or

¢) Caonductors that serve as jumper leads‘between controls, provided the length of

does|not exceed 3 inches (76.2 mm)ar the conductors are located in a control pangl.

9 Separatioh of Circuits

he leads

9.1 Unless grovided with insulation- for the highest voltage involved, insulated conductors of different

internal wiring circuits shall be-separated by barriers or segregated:
a) Frpm each othér;.and

b) From uninsulated live parts connected to different circuits or opposite-polarity pa
same circuit:

ts of the

9.2 Insulated—conductors—shattbe—segregated—by clamping,routing,orequivatentmeans' that provide

permanent separation from insulated or uninsulated live parts of a different circuit.

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

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

b) Uninsulated live parts of any other circuit; and

less the

¢) Uninsulated live parts the short-circuiting of which may permit unintended operation of the

appliance.
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Exception: A construction in which field-installed conductors may make contact with wiring terminals may
be provided if Type T or equivalent conductors are installed or will be installed when wired in accordance
with the National Electrical Code, ANSI/NFPA 70.

9.4 Segregation between field-installed conductors and away from uninsulated live parts connected to
different circuits may be accomplished by arranging the location of the openings in the enclosure for the
various conductors, with regard to the terminals or other uninsulated live parts, so that there is no
likelihood of the intermingling of the conductors or parts of different circuits. The following shall be
considered:

a) If the number of openings in the enclosure does not exceed the minimum required for

intended wiring and if each opening is located opposite a set of terminals, it is to be assumed,
for tHe purpose of determining compliance with 9.3, that the conductors entering edch opening
will e connected to the terminals opposite the opening; and

b) If
entelling at points other than opposite the terminals to which they are jnténded to b
and ¢ontacting insulated conductors or uninsulated live parts connected'to a differe
to bg investigated.

more than the minimum number of openings are provided, the likelihoad of copductors
b connected
nt circuit is

|l be wired as
average care

9.5 To deter
intended and
is to be exer

mine if a device complies with the requirements specified(in'9.3, the device sha
any slack is to be left in each conductor, within the-éniclosure. No more than
Lised in placing this slack in the wiring compartment:

9.6 If a barri
parts and fiel
secured in pl

br is used to provide separation between the Wiring of different circuits or betwgen operating
d-installed conductors, the barrier shall be made of metal or insulating material and shall be
ace.

d on the size
ick and shall
at the edges

9.7 A metal barrier shall have a minimum thicknéss as specified in Tables 6.1 and 6.2, base
of the barrienl. A barrier of insulating materialcshall be no less than 0.028 inch (0.71 mm) t
be of a greatér thickness if deformation of.the barrier would defeat its purpose. Any clearance

of a barrier shall be no more than 1/16:iAch (1.6 mm) wide.

(6.4 mm) in

surface whergver an insulated wire may be in contact with it; and the area of any such ope
closure remaved, shall’be no larger than required for the passage of the necessary wires.

9.9 The outgut of'atransformer device supplying a circuit classified as a Class 2 low-voltag

mber of wires

to pass through-the barrier. The closure for any other opening shall pres¢nt a smooth

ning, with the

e circuit shall
a part of the

not be intercpnnected with the output of another such transformer device and provided as
appliance u i i
devices are within the values for a single Class 2 transformer device rated 30 volts or less.

terconnected

9.10 Two or more transformer devices supplying circuits classified as low-voltage circuits and provided
as a part of the appliance shall be treated as two separate circuits. If more than one such circuit is to be
field-wired, the several circuits shall be segregated or separated by barriers and the transformer output of
each circuit shall be marked to warn that the separation shall be maintained.
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10 Grounding and Bonding

10.1 Exposed or accessible noncurrent-carrying metal parts that may become energized and that may be
contacted by the user or by service personnel during service operations performed when the equipment
is energized shall be electrically connected to the point of connection of an equipment ground.

10.2 Except as specified in 10.3, uninsulated metal parts of cabinets, enclosures, motor frames and
mounting brackets, controller mounting brackets, capacitors and other electrical components,
interconnecting tubing and piping, and valves shall be bonded for grounding if they may be contacted by
the user or service personnel.

10.3 Metal parts, as described in items (a)— (d), need not be grounded:

a) Adhesive-attached metal-foil markings, screws, handles, or parts that are located on the
outsifle of enclosures or cabinets and that are isolated from electrical compenents ¢r wiring by
grounded metal parts;

b) Isplated metal parts, such as magnet frames and armatures, and §mall assembly screws that
are geparated from wiring and uninsulated live parts;

¢) P4nels and covers that do not enclose uninsulated live parfs if insulated parts arld wiring are
separated from the panel or cover; and

d) Panels and covers that are insulated from electrical components and wiring by ah attached
insul@ting barrier of vulcanized fiber, varnished clothy phenolic composition, or similar material
no leiss than 1/32 inch (0.8 mm) thick.

10.4 A comgonent, such as a switch, likely to become separated from its intended grounding means for
purposes of festing or adjustment while the equipment is energized shall be provided witH a grounding
conductor not requiring removal for such service.

10.5 Splices|shall not be used in wire.cénductors provided for bonding.

10.6 Metal-t¢p-metal hinge bearing members may be considered as a means for bonding a door for
grounding if @ multiple bearing-pin' type (piano type) hinge is used.

10.7 A separate bondingiconductor shall be of a material rated for use as an electrical conductor.
Ferrous-metgl parts indhée grounding path shall be protected against corrosion by enameling, galvanizing,
plating, or equivalent means. A separate bonding conductor or strap shall:

a) Be protécted from mechanical damage, such as by being located within the confjnes of the
outer-enctosure-orframe—and

b) Not be secured by a removable fastener used for any purpose other than bonding for
grounding unless the bonding conductor would not ordinarily be omitted after removal and
replacement of the fastener.


https://ulnorm.com/api/?name=UL 296A 2018.pdf

AUGUST 2, 2018 WASTE OIL-BURNING AIR-HEATING APPLIANCES - UL 296A 39

10.8 The bonding shall be by a positive means, such as by clamping, riveting, or a bolted or screwed
connection, or by welding, soldering, or brazing with materials having a softening or melting point greater
than 850°F (454°C). The bonding connection shall penetrate nonconductive coatings such as paint or
vitreous enamel.

10.9 A connection that depends upon the clamping action exerted by rubber or similar materials is
acceptable if the connection complies with 10.11:

a) Under any degree of compression that may be applied by a variable clamping device; and

b) Following exposure to the effects of oil, grease, moisture, and thermal degradation that are
likely to occur in service.

A clamping Levice shall be arranged for reassembly in its intended position following. digassembly or
removal for maintenance purposes.

10.10 If bongling relies on screw threads, two or more screws or two full threads)of a single screw shall
engage the Qonding system to metal.

10.11 If the [adequacy of a bonding connection cannot be determined by examination, on if a bonding
conductor is maller than as specified in 10.12 — 10.14, the bonding connection shall be acdeptable if the
connecting means does not open:

a) When carrying, for the time indicated in Table 10:}, twice the rated current of the branch
circult overcurrent device required to protect the €quipment; and

b) Ddiring the short-circuit test described in Séction 28, Short-Circuit Test while in sgries with a
fuse |of proper rating.

Table 10.1
Duration of current flow, bonding-conductor test
Rating ¢f overcurrent protection device, amperes Minimum duration of current flow, mirjutes
30 or less 2
31 60 4
61,—'100 6
161~ 200 8

10.12 The sige of aconductor or strap used to bond an electrical enclosure or motor frame shall be based
on the rating |of the branch-circuit overcurrent device to which the equipment will be connectéd. Except as
indicated in 103341, the size of the conductor or strap shall be as specified in Table 10.2.



https://ulnorm.com/api/?name=UL 296A 2018.pdf

40

WASTE OIL-BURNING AIR-HEATING APPLIANCES - UL 296A

AUGUST 2, 2018

Table 10.2
Bonding wire conductor size

Size of bonding conductor?
Rating of overcurrent
device, amperes Copper wire Aluminum wire
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)
100 8 (8.4) 6 13.3)
200 6 (13.3) 4 21.2)

2 Or equivalent cross-sectional area.

10.13 If mor
conductor sk
protection fo
by a branch-
bonding con
ground-fault

10.14 A bon
size of the cq

10.15 The fg

a) Fq
equi

b) Fq

metal-clad cable, an equipment grounding terminal or lead.

10.16 A tern
of the size
ANSI/NFPA

10.17 A sold

shall not be fised as the terminal for the field-installed grounding conductor.

e than one size of branch-circuit overcurrent device is involved;ythe size of
all be based on the rating of the overcurrent device intended to provide
the component bonded by the conductor. For example, if a;motor is individu
Circuit overcurrent device smaller than other overcurrent devieces used with the
Huctor for that motor shall be sized on the basis of, the overcurrent device
protection of the motor.

Hing conductor connected to a component or elegtrical enclosure need be no Ig
nductors supplying power to the component ‘6r-components within the enclosd

llowing may be provided as the means,for connection to a ground:

the bonding
ground-fault
hlly protected
equipment, a
intended for

rger than the
re.

r equipment intended to be connected to a metal-enclosed wiring system, a kmnockout or

alent opening in a metal enclosure intended to receive the power-supply systd
r equipment intended to_beeonnected by a nhonmetal-enclosed wiring system,
inal for connectiomof an equipment grounding conductor shall be able to secur
equired for the jparticular application, in accordance with the National Ele

0.

ering lug,)a push-in (screwless) connector, or a quick-connect or similar friction

m; or

such as

b a conductor
ctrical Code,

fit connector

10.18 A wire-binding Screw intended for the connection of an equipment grounding conaduc

or shall have

a green colored head that is hexagonal-shaped, slotted, or both. A pressure wire connector intended for
the connection of an equipment grounding conductor shall be identified by being marked "G”, "GR”,
"GROUND”, or "GROUNDING”, or by a marking on a wiring diagram provided on the equipment. The
wire-binding screw or pressure wire connector shall be secured to the frame or enclosure and shall be
located so that it will not need to be removed during servicing. For a wire-binding screw, upturned lugs or
the equivalent shall be provided to retain the conductor. If a pressure wire connector is used adjacent to
the connectors intended for the supply conductors involving the neutral of a grounded supply, a marking
shall be additionally provided indicating "EQUIPMENT GROUND” or the connector shall be identified by
a green color or by both the specified wording and a green color.
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10.19 The surface of an insulated lead intended for the connection of an equipment-grounding conductor
shall be finished in a continuous green color or in a continuous green color with one or more yellow stripes
and no other lead visible to the installer shall be so identified.

10.20 The potential drop of any single bonding joint of the friction or spring-action type shall not exceed
10 millivolts when tested with a current of 30 amperes flowing through the joint and shall not exceed 15
millivolts after 10 cycles of attachment and removal of the part being bonded.

ELECTRICAL COMPONENTS

11 General

11.1 Electrical equipment and wiring shall be located so that contact by water or oil is-u
intended use| or when uncoupling of a connection is required for servicing.

nlikely during

11.2 Attachment plugs or separable connectors shall not be used in circuits when the break
of the circuit py such devices may result in unintended operation of the equipment:

ng or making

12 Mounting of Electrical Components

12.1 A switc
turning, exce

n, fuseholder, lampholder, or similar electrical componentshall be mounted to pfrevent it from

pt as specified in 12.2 and 12.3.

12.2 A switch need not be prevented from turning if the follewing conditions are met:

a) Th
switg
switg

e switch is of a plunger or other type that dées not tend to rotate when operated. A toggle
h is considered to be subject to forces that tend to turn the switch during opergtion of the
h;

b) THe means for mounting the switchyis not subject to loosening as the result of operation of
the gwitch:

¢) Rq
Secti

tation of the switch does_not result in a reduction of spacings below the value
ons 19, High-Voltage Circuits, and Section 20, Low-Voltage Circuits; and

5 specified in

d) O

12.3 Alamp
in which the
lampholder

peration of the switch is by mechanical means rather than by direct contact by

polder of thetype in which the lamp cannot be replaced, such as a neon pilot or

the user.

ndicator light

lamp is (sealed in a nonremovable jewel, need not be prevented from turning if fotation of the

ill_riot* result in a reduction of spacings below the values specified in

Sections 19,

High-Voltage| Circuits and Section 20, Low-Voltage Circuits.

12.4 Friction between surfaces shall not be provided as the only means for preventing the turning of
electrical components. A toothed lock washer that provides both spring take-up and an interference lock
may be provided as the means for preventing a small stem-mounted switch or other device having a
single-hole mounting means from turning.
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12.5 Uninsulated live parts shall be secured to the base or mounting surface to prevent the parts from
turning or shifting in position if such motion may result in a reduction of spacings below the values
specified in Sections 19, High-Voltage Circuits and Section 20, Low-Voltage Circuits.

12.6 Control equipment located within the plenum or return-air compartment of a furnace shall be
constructed, enclosed, or protected so that dense smoke will not be generated and flame will not be
emitted under any conditions that may occur in service.

13 Motors and Motor Overload Protection

13.1 All motors shall be protected by an integral thermal protector, by overload protective devices, or by
a combination of these devices.

13.2 Overlos
Electrical Co

d protective devices as specified in 13.1 shall comply with the requirements‘of the National

He, ANSI/NFPA 70, as follows:

Il be rated
urrent

a) A iseparate overload device shall be responsive to motor current. The(device shg
or sglected to trip at no more than the following percentages of the mptor full-load ¢
rating:

1) 125 percent for motors with a marked service factarno less than 1.15;

2) 125 percent for motors with a marked temperature rise no more than 40
and

C (72°F);

3) 115 percent for all other motors;

b) W
motol

c) If

stang
highe
full-1d

th regard to the requirement specifiegiin item A, each winding connection of a

he values specified for motar-running overload protection do not correspond tq
ard sizes or ratings of fuses or magnetic or thermal overload protective devicq
r size or rating may be ‘used but no higher than the following percentages of t
ad current rating:
1) 140 percent-for motors with a marked service factor no less than 1.15;
2) 140 percent for motors with a marked temperature rise no more than 40

3)~130 percent for all other motors.

I shall be considered separately and'the motor shall be protected at all speeds;

multispeed

the
s, the next
he motor

C; and

13.3 Aninte
UL 1004-3.

T ! " " ! : Lo ! il 4l Q4 ! (e = ] [T = WY
rar treritidar Pprotietiuve UTVILE Stidil CUTTIPTY WILTT UTE otdlnudiu 10T TTIeTmdaity mTot

>cted Motors,

13.4 Separate overload devices, except when included as part of a magnetic motor controller, shall be
assembled as part of the appliance and shall be identifiable as a part of the appliance after assembly.
Such protection shall not include means for manually interrupting the motor circuit if such interruption may
result in unintended operation of the appliance.
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13.5 Three-phase motors shall be provided with overload protection as specified in either (a

a) Three properly rated overcurrent devices shall be provided; or

b) Thermal protectors, combinations of thermal protectors and overcurrent devices,

) or (b):

or

equivalent methods of protection may be provided if the specific protective arrangement has
been investigated and found to provide protection under primary single-phase failure conditions
when supplied from transformers connected wye-delta or delta-wye. Assemblies investigated as

described shall be marked as specified in 35.10.

13.6 A motor provided in an attic, horizontal, or suspended furnace shall be of a totally enclosed

construction if not wholly enclosed within the furnace casing.

13.7 In dete
exterior to th
end of a faceg
no openings

fmining compliance with 13.6, there shall be no openings in portions of the
b appliance when a totally enclosed motor is to be provided. Openings-may b
-mounted motor that is bolted flush to the blower housing of an oil burner, but {
in other portions of the motor frame.
13.8 Motors) such as direct-drive fan motors, that are not normally subjeeted to overloads
determined tp be adequately protected against overheating due to locked-rotor current by
overcurrent protective device may be accepted under 13.3 if it is determined that the n
overheat under actual conditions of use.

13.9 Impedance protection shall not be provided for motors.installed in compartments hg
circulation to|the conditioned space.

Exception: [mpedance protection may be provided“for motors that are determined to b
protected against overheating due to locked-rotor ctrent if it is determined that the motor wil
during the parformance requirements specified_itthis standard.

13.10 Fuses|shall not be provided as mator overload protective devices unless the motor
protected by [the largest size fuse that.can be inserted in the fuseholder.

13.11 The tgmperature of a motor shall not exceed the temperature rises indicated in Tablg

13.12 A mqtor shall be intended for continuous duty which shall be indicated by
“CONTINUOWS” or “CONIT""on the appliance nameplate.

13.13 The interruption)of the circuit to a motor by the overload or overtemperature protectivg
not result in impaifed operation of the equipment or the unintended discharge of fuel. If a bu

motor frame
B in the shaft
here shall be

and that are
a thermal or
hotor will not

ndling air for

e adequately
not overheat

s adequately

b 26.1.
the marking
b device shall

rner depends
t to the motor

solely upon gn.electric valve to stop the flow of fuel to the burner, the interruption of the circui
by the protecti i i i freut

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

the motor by the device may result in unintended operation of the equipment.
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13.15 The enclosure of a motor shall have no openings that will permit a drop of liquid or a particle falling
vertically onto the motor to enter the motor as it is positioned on the assembly.

13.16 The motor frame or another enclosure, structure, shield, or a combination of two or more such
items may be provided to protect the motor from liquid and particles as specified in 13.15.

13.17 Motors having openings in the enclosure or frame shall be installed or shielded to prevent particles
from falling out of the motor onto flammable material located within or under the assembly.

13.18 With regard to the requirement specified in 13.17, a barrier of nonflammable material shall be
provided under an open type motor unless:

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

b) The motor overload protective device provided with a single-phase moter.is sucH that no
burning insulation or molten material falls to the surface that supports thé)appliancqg when the
motor is energized under each of the following fault conditions, as applicable to the|particular
type jof motor:

1) Main winding opened;

2) Starting winding opened;

3) Starting switch short-circuited; and

4) Capacitor shorted (permanent split‘Capacitor type);
¢) THe motor is provided with a thermal\motor protector (a protective device that is sensitive to
temperature and current) that will prevent the temperature of the motor windings frgm

excegding:

1) 125°C (257°F) under the maximum load below which the motor will run without
causing the protector to cycle; and

2) 150°C (302°F) with the rotor of the motor locked; or
d) The motor ¢omplies with the requirements for impedance-protected motors and the

tempierature(of) the motor winding will not exceed 150°C during the first 72 hours of{operation
with fhe rétor of the motor locked.

13.19 The barrrer-specified-im13:
a) Be horizontal;
b) Be located as indicated in Figure 13.1; and
c) Have an area no less than that described in Figure 13.1.

Openings for drainage and ventilation may be used in the barrier if such openings will not enable molten
metal, burning insulation, or the like to fall on flammable material.
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Figure 13.1
Location and extend of barrier

\\

EB100A

A — Motor windifg shall be-shielded by a barrier. The barrier shall shield the entire motor winding if it is not otherwise shielded, and
shall consist of the unshielded portion of a motor winding which is partially shielded by the motor enclosure or eqyivalent.

B — Projection of outline of motor winding on horizontal plane.

C — Inclined line that traces out minimum area of the barrier. When moving, the line shall always be:
1) tangent to the motor winding;
2) five degrees from the vertical; and

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

D — Location (horizontal) and minimum area for barrier. The area shall be that included inside the line of intersection traced out by
the inclined line C and the horizontal plane of the barrier.
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13.20 Overcurrent protective devices and thermal protective devices for motors shall comply with the
short-circuit test described in Section 28, Short-Circuit Test.

14 Overcurrent Protection of High-Voltage Control-Circuit Conductors

14.1 General

14.1.1 For the purpose of these requirements, a control circuit is a circuit that carries electric signals to
operate a controller which, in turn, governs power delivered to a motor or other load in the appliance. A
control circuit does not carry main-power current. A control circuit that is supplied through a transformer
provided as part of the product shall also comply with the requirements for overcurrent protection of
transformers specified in Section 15, Overcurrent Protection of Transformers.

14.1.2 Thesl requirements apply to high-voltage control circuits that use 18, 16, 14, or %3 AWG (0.82,
1.3, 2.1, or 3|3 mm?) conductors.

14.2 Direct-connected high-voltage control circuit

14.2.1 For the purpose of these requirements, a direct-connected high-voltage control circyit is a circuit
that:

a) Is[supplied from a branch circuit separate from a branch<circuit that supplies othé¢r loads
within the product; and

b) Is|not tapped from the load side of the overcurfent device or devices of the contiolled circuit
or cifcuits within the appliance. A direct-connectéd high-voltage control circuit shall pe marked
as specified in 35.6.

14.3 Tapped high-voltage control circuits

14.3.1 For the purpose of these requirements, a tapped high-voltage control circuit is a gircuit that is
tapped within] the product from the load.side of the overcurrent device or devices for the cgntrolled load.

14.3.2 A tapped high-voltage control-circuit conductor shall be provided with overcurrent protection. The
rating of the pvercurrent-proteetive device shall not exceed the values specified in Table 14]1.

Exception Ng. 1: A 18, 16,.0F 14 AWG (0.82, 1.3, or 2.1 mm?) conductor that is no more than 4 feet (1.2
m) long between points)of opposite polarity may be protected by a fuse or an HACR Type dircuit breaker
rated 60 amperes of. léss.

Exception Np. 2¥An overcurrent-protective device of a higher rating may be used if the conductors
withstand short=circuiting-whentested-as described-imSection28,-Short=Circuit-Test:

Exception No. 3: A conductor, other than as specified in exception No. 1, that is no more than 12 inches
(305 mm) long need not be provided with overcurrent protection.

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) The protection complies with the requirements for overcurrent protection of transformers
specified in Section 15, Overcurrent Protection of Transformers; and
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b) The protection does not exceed the control-circuit conductor ampacity multiplied by the ratio
of secondary-to-primary rated transformer voltage.

Conductor ampacity is to be determined from the ampacity tables in the National Electrical Code,
ANSI/NFPA 70, for the type of wire or cord used. If appliance wiring material is used, its ampacity is to be
based on the values specified for the equivalent wire or cord.

Table 14.1

Overcurrent-protective device rating for control-circuit conductors

Tapped control-circuit conductor size, Maximum rating of overcurrent protective device,
amperes
Awa (mm?) Conductors co'ntained in Conductors bxten.ding
control equipment beyond controf-equipment
enclosure enclogure
18 (0.82) 25 20
16 (1.3) 40 20
14 (2.1) 80 45
12 (3.3) 100 60
14.4 Overcyrrent-protective devices

14.4.1 Over(

shall be prov{ded as part of the product. If a fuse is used, the product shall be marked as spe

Exception:

the marked rating of the product, the rating of the branch-circuit overcurrent-protective devi
does not excdeed the values specified in Table 14.1s

14.4.2 A cor
a) Be
b) Be
c) Ha

The device s

of an acceptable fuse~are a Class CC, G, H, J, K, L, RK, or T cartridge fuse or a Type S pl

Exception:

for overcurrént-protection may be of the supplementary type if the fuse has a short

urrent protection for a tapped high-voltage control:citcuit conductor, as specif

I'he overcurrent device or devices need notbe provided as part of the produc

trol-circuit overcurrent-protective.device shall:

provided for all ungrounded;conductors;

of a size as specified in 14.3.2; and

ve a voltage rating no less than the circuit in which it is used.

f the.control circuit is tapped from a circuit supplying other loads in the produc

ed in 14.3.2,
cified in 35.4.

{ if, based on
ce or devices

hall be a gircuit breaker or a fuse that is acceptable for branch-circuit protection. Examples

ug fuse.

a fuse used

circuit rating

acceptable for the circuit in which it is used, as indicated in Table 28.1. If the supplementary device used
is a fuse, the product shall be marked as specified in 35.5.
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15 Overcurrent Protection of Transformers

15.1 High-voltage transformers

15.1.1 Gene

ral

15.1.1.1 A transformer, other than as described in 15.2.1 and 15.2.2, is considered to be a high-voltage
transformer and shall:

a) Be provided with thermal-overload protection as specified in 15.1.2.1;

b) Be protected by an overcurrent device or devices as specified in 15.1.3.1; or

c) Cq
Test,

15.1.2 Thern

15.1.21 If a
shall interrup
conditions ag
the class of i

Exception:
burnout tes
Transformers

15122 At
Requirement
have an eng
calibration of
Equipment, |
Requirement
873 requirem

mply with the burnout test for high-voltage transformers described in Section-
High-Voltage Transformers.

nal protection

high-voltage transformer is provided with a thermal-overload, protective devic
t primary current and shall limit temperatures of the transformer windings un
described in Section 29, Overload Test, High-Voltage, Transformers to those 3
hsulation used in the windings.

f the thermal-overload protective device provided is a nonrenewable therm
for high-voltage transformers described “in> Section 30, Burnout Test,
, shall be conducted in place of the overload test.

hermal cutoff shall comply with the~tequirements in the Standard for The
5 and Application Guide, UL 60691 A"'manually or automatically reset thermal g
urance rating of no less than(6000 cycles and shall comply with the re

JL. 873. Compliance with.the 'Standard for Automatic Electrical Controls — P
5, UL 60730-1, and/or the applicable Part 2 standard from the UL 60730 series
ents.

q
temperature-limiting controls_in the Standard for Temperature-Indicating anj;

80, Burnout

e, the device
der overload
cceptable for

al cutoff, the
High-Voltage

rmal-Links —
rotector shall
irements for
-Regulating
rt 1: General
fulfills the UL
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15.1.3 Overcurrent protection

15.1.3.1 If a high-voltage transformer is protected by an overcurrent device or devices, such protection
shall comply with the requirements specified in 15.1.3.2 — 15.1.3.4 and 15.3.1 — 15.3.3.

15.1.3.2 A high-voltage transformer shall be protected by an overcurrent device or devices, as specified
in 15.1.3.3, 15.1.3.4, and 15.3.1, that is located in the primary circuit and that is rated or set at no more
than 125 percent of the rated primary current of the transformer.

Exception No. 1: If the rated primary current of the transformer is 9 amperes or more and 125 percent of
this current does not correspond to a standard rating of a fuse or circuit breaker, the next higher standard
rating of a protective device or devices may be used. Standard ratings of protective devices are specified

in the Nation

al Electrical Code, ANSI/NFPA 70.

Exception No. 2: If the rated primary current of the transformer is less than 9 amperes| the primary
overcurrent pgrotection may be increased as indicated in Table 15.1.
Table 15.1
Primary overcurrent protection
Rated primary current, amperes Maximum rating-of overcurrent device, pgrcent of
transformer primary current rating
Less than 2 300
2 or more, but less than 9 167
15.1.3.3 If the circuit supplying a transformer is providéd with overcurrent protection rated or set at no
more than 2%0 percent of the rated primary current of:the transformer, additional overcurre¢nt protection

need not be
more than 172

Exception Ng
of this curre
standard rati

Exception N(
device or de
secondary cl

15.1.3.4 Ifa
motor contro

brovided in the primary circuit if the seeondary circuit is protected as specified i
5 percent of the rated secondary clifrent of the transformer.

. 1: If the rated secondary current of the transformer is 9 amperes or more anc
Nt does not correspond to.\a standard rating of a fuse or circuit breaker, thg
ng of a protective devicé. or devices may be used in the secondary circuit.

. 2: If the rated secondary current of the transformer is less than 9 amperes, th
ices in the secondary circuit may be rated or set at no more than 167 percer
rrent.

transfofmer supplies only a motor-control circuit and is located in the same eng
ler, the“transformer may be provided with overcurrent protection in the second
15.8:2 rated or set at no more than 200 percent of the rated secondary ¢

15.3.2 at no

l 125 percent
e next higher

e overcurrent
t of the rated

losure as the
ary circuit as
urrent of the

specified in

transformer.
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15.2 Low-voltage transformers

15.2.1 Except as specified in 15.2.2, a transformer having a rated output of no more than 30 volts and
1000 volt-amperes (Class 1, power-limited circuit) shall be protected by an overcurrent device or devices
located in the primary circuit as described in 15.3.1. The overcurrent device or devices shall be rated or
set at no more than 167 percent of the primary current rating of the transformer.

15.2.2 A Class 2 transformer provided in accordance with 3.23(c) shall, in accordance with the
requirements in the Standard for Low Voltage Transformers — Part 1: General Requirements, UL 5085-1,
and the Standard for Low Voltage Transformers — Part 3: Class 2 and Class 3 Transformers — UL 5085-3,
either limit the output current (inherently-limiting transformer) or be provided with an overcurrent device or
devices (noninherently-limiting transformer).

15.3 Overcyrrent protective devices
15.3.1 Overq
need not be

branch-circui
or 15.2.1, as

urrent protection in the primary circuit of a transformer, as describedsin 15.1.3.p and 15.2.1,
provided as part of the product if, based on the marked rating of the\product, the rating of the
overcurrent-protective device or devices does not exceed the(values specifigd in 15.1.3.2
applicable.

15.1.3.3 or
e marked as

15.3.2 Overgurrent protection in the secondary circuit of a transfafmer, as specified ir
15.1.3.4, shqll be provided as part of the equipment. If a fuse is-used, the product shall 4
specified in 35.4.

15.3.3 Areq
a) Be
b) Beé
c) Ha

The device s

uired transformer overcurrent-protective deviéé.provided as part of the product
provided for all ungrounded conductors;
of a size as specified in 15.1.3.2_<\15.2.1, as applicable; and

ve a voltage rating no less than’the circuit in which it is used.

of an accept

Exception:
for overcurr

rating accepfable for thé_circuit in which it is used as specified in Table 28.1. If a supplemen

is provided,

ble fuse are a Class. CC, G, H, J, K, L, RK, or T cartridge fuse or a Type S pl

f a transformer’stpply is tapped from a circuit supplying other loads in the unil

shall:

hall be a circuit breaker\or a fuse that is acceptable for branch-circuit protection. Examples

ug fuse.

a fuse used

t protectionmay be of the supplementary type provided that the fuse has @ short-circuit

e product shall be marked as specified in 35.5.

ary-type fuse
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16 Switches and Controllers

16.1 A controller(s) for controlling the loads involved shall be provided for all assemblies incorporating
more than one motor intended for connection to the same power supply.

Exception: A controller need not be provided for an assembly with more than one motor if the marked
maximum fuse size does not exceed 20 amperes at 125 volts or less, or 15 amperes at 126 — 600 volts,
and with no more than 6 amperes full-load current for each motor.

16.2 A single controller may control more than one motor if the controller is rated for the combined load
controlled. The assembly is to be marked as specified in 35.1 if the same controller contacts handle a
remote motor(s) in addition to the motor(s) in the unit containing the controller.

16.3 A contr

16.4 The los
controller or

16.5 A contr
current-interr

16.6 If the ¢
withstand an
determined b
16.7 The loc

a) Si

b) Te
16.8 If the nf

the motor o
protection, m

size will not ppen under the mostsevere conditions of service that might be encountered.

16.9 Motor
interrupt curr

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

d controlled shall include any load external to the assembly for which“conneé
switch circuit are provided.

bller that may be required to break a motor load under locked-rotor conditions
Lipting capacity no less than the locked-rotor load of the motor controlled.

bntroller is cycled by the operation of an automatic-resét overload device, the g
endurance test under locked-rotor conditions without failure. The endurance
y the requirements of the standard for the compe@nent as indicated in Section 4,
ked-rotor load of a motor is based on:

X times the full-load current rating of the' motor if for use with alternating currer
n times the full-load current rating if for use with direct current.

arked maximum fuse size-06f the furnace does not exceed the maximum size

the smallest rating, two or more motors, each having individual running
ay be connected to the same power supply if it can be determined that a fuse ¢

controllers shall” simultaneously open a sufficient number of ungrounded G
ent flow tgthe motor.

ctions in the

shall have a

ontroller is to
test shall be
Components.

t; and

for protecting
overcurrent
f the marked

onductors to
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17 Capacitors

17.1 A motor starting or running capacitor shall be housed within an enclosure or container that will
protect the plates against mechanical damage and that will prevent the emission of flame or molten
material resulting from malfunction of the capacitor. Except as specified in 17.2 and 17.3, the container
shall be of metal providing strength and protection no less than that of uncoated steel having a thickness
of 0.020 inch (0.51 mm).

17.2 The individual container of a capacitor may be of material other than metal if the capacitor is
mounted in an enclosure that houses other parts of the appliance and provided that such a box or case
is acceptable for the enclosure of current-carrying parts.

17.3 If the ¢ontainer of an electrolytic capacitor is constructed of metal, it shall be- insulated from
dead-metal garts as indicated in Table 19.1.

17.4 A capdcitor using a liquid dielectric medium more combustible than askarel “shall jpbe protected
against expufsion of the dielectric medium when tested in accordance with thecapplicable|performance
requirementg of this standard, including the short-circuit test described in Section 28, Shor{-Circuit Test.

Exception: If the available fault current is limited by other components dn‘the circuit, such as a motor start
winding, the ¢apacitor may be tested using a fault current less than the test current specified|in Table 28.1
but no less than the current established by dividing the circuit Moltage by the impedancd of the other
component(s).

18 Electrical Insulating Materials

18.1 Materig] for the mounting of current-carrying paris shall be of moisture resistant material such as
porcelain, phenolic, or cold-molded composition.

18.2 Vulcaniged fiber may be used for the insulating bushings, washers, separators, and barrier, but not
as the sole sppport for uninsulated live parts of other than low-voltage circuits.

SPACINGS
19 High-Voltage Circuits
19.1 Exceptjas specified in 19.2, 19.3, and 19.5, the spacings between uninsulated live parts of opposite

polarity and petween @n uninsulated live part and a dead-metal part shall be no less thgn the values
indicated in Table 19.7).
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Table 19.1
Minimum spacings
Minimum spacings?
Ratings
Through air Over surface To enclosure®

Volt amperes Volts Inch (mm) Inch (mm) Inch (mm)
0 — 2000 0 — 300°¢ 1/84 (3.2) 1/4 (6.4) 1/4 (6.4)
>2000 0-150 1/8d (3.2) 1/4 (6.4) 1/2 (12.7)
>2000 151 — 300 1/4 (6.4) 3/8 (9.5) 1/2 (12.7)
>2000 301 — 600 3/8 (9.5) 1/2d (12.7) 1/2 (12.7)

for a motor ratg
b Includes metz
CIf greater tha
d The spacings
than 1/4 inch (4
the spacing ne
wired. Measurg

@ The spacings_at wiring terminals of a motor shall be 1/4 inch (6.4 mm) for a motor rated 250 volts or less and 3/8 inch (9.5 mm)

d more than 250 volts.

| fittings for conduit or cable which are factory installed or which may be field installed.

300 volts, spacings in the last line of table apply.

between wiring terminals or opposite polarity, or between a wiring terminal and grourided metal, s
.4 mm), except that if short circuiting or grounding of such terminals will not result.from projecting
bd not be greater than that indicated in the table. Wiring terminals are those copmetted in the field
ments are to be made with solid wire of adequate ampacity for the load connected to each termin|

hall be no less

strands of wire,
and not factory
al.

19.2 The sp
basis of the
spacing from
components
controls only
that controls
volt-amperes
loads shall b
loads referre

19.3 All unin
of the same
parts of oppq
the basis of {

19.4 For cir

hcings through air and over surface at an individual companent part shall be j
total volt-amperes consumption of the load(s) that the component controls.

idged on the
However, the

the component to the enclosure shall be judged on the basis of the tot
a motor shall be judged on the basis of the veli~ampere rating of the motor.

of the loads so controlled; except that,a’eomponent that independently cont
b judged on the basis of the volt-amperes of the larger load. The volt-ampere
[l to in this paragraph shall be determined by the measured input.

Ssulated live parts connected to*different circuits, except subdivided circuits or b
oltage and from the same feeder, shall be spaced from one another as though
site polarity in accordapce*with the requirements specified in 19.2 and shall
he highest voltage involved.

motors may

uits not exceeding ‘300 volts, the over-surface spacings for glass-insulated

where 3/8 in¢h (9.5 mm)sis specified.

19.5 The sppcing_requirements indicated in Table 19.1 do not apply to the inherent sp
motors, except at wiring terminals, or to the inherent spacings of a component which shall
the basis of [the/requirements for the component. However, the electrical clearance resul

e 1/8 inch (3.2umm) where 1/4 inch (6.4 mm) is specified in Table 19.1; and mg

| load on all

n the enclosure. For example, the spacings through air and over surface at a component that

component

loads in addition to the motor shall be simitarly judged on the basis of th¢ sum of the

ols separate
alues for the

ranch circuits
the parts are
be judged on

terminals of
y be 1/4 inch

hcings inside
be judged on

ting from the

installation of a component, including clearance to dead metal or enclosures, shall be as indicated in

Table 19.1.

19.6 An insulating liner or barrier of vulcanized fiber, varnished cloth, mica, phenolic composition, or
similar material used where spacings would otherwise be insufficient, shall be no less than 0.028 inch
(0.71 mm) thick; except that a liner or barrier no less than 0.013 inch (0.33 mm) thick may be used in
conjunction with an air spacing of no less than one-half of the required through-air spacing. The liner shall
be located so that it will not be damaged by arcing.
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19.7 Material having a lesser thickness may be used if it has equivalent insulating, mechanical, and
flammability properties.

20 Low-Voltage Circuits
20.1 The spacings for low-voltage electrical components which are installed in a circuit that includes a
motor overload protective device, or other protective device, in which a shorted or grounded circuit may

result in a risk of fire or electric shock shall comply with 20.2 — 20.5.

20.2 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 no less than 1/8 inch (3.2 mm) and shall comply

with 19.3.

20.3 The sp
dead metal p
when the de

20.4 The spI

part and a d
shall be no I

will be maintained.

20.5 The spécings in low-voltage circuits that do not contain deyiees such as those indicatg

not specified
PERFORMA

21 General

21.1 A wast¢ oil burning appliance shall operate as intended during the tests described in §

31, 57 - 70,
standard gra

21.2 Each s
range of size
70, 86 — 109
recommende

213 Ifany i
and 116 — 1]
supplementa

hcing between wiring terminals, regardless of polarity, and between a wiring 't
art (including the enclosure and fittings for the connection of conduit) that.may
ice is installed shall be no less than 1/4 inch (6.4 mm).

cing between uninsulated live parts, regardless of polarity, and®etween an un
ad metal part, other than the enclosure, that may be grounded,when the devi
ss than 1/32 inch (0.8 mm), provided that the construction, of-the parts is such

NCE

86 — 109, and 116 — 119 when’firing each type of waste oil and additionally
e of fuel oil as marked on.the appliance nameplate.

ze and type of appliance, or a number of sizes and types to be representativg
s and types, shall-be subjected to the applicable tests described in Sections 2
, and 116 — 119:-An appliance is to be tested with each piece of optional €|
d for use by the manufacturer, which may affect the performance of the applia

hdicatiohs) are observed during the tests described in Sections 25 — 31, 57 — ]
9 thatan appliance will not continue to comply with the requirements during i
'y, tests shall be conducted as are determined to be necessary to ensure

rminal and a
be grounded

insulated live
e is installed
that spacings

din 20.1 are

bections 25 —
when firing a

of the entire
5 — 31, 57 —
quipment, as
nce.

ro, 86 — 109,
ntended use,
the intended

performance

ill oCI1 VibU.
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22 Test Fuels

22.1 The test fuel for an appliance marked for use with a standard grade of fuel oil shall be within the
American Petroleum Institute (A.P.l.) degree range for the grade of fuel oil.

22.2 The test fuel for a waste oil burning appliance shall be the type of waste oil marked on the appliance
nameplate as required by 34.1(c). If more than one type of fuel is specified including crankcase oil, the
primary test fuel shall be crankcase oil; if other types of fuel are specified, they shall be included in the
firing tests on a “check test” basis. The characteristics of the primary test fuel shall be determined by
laboratory analysis and shall comply with the values specified in Table 22.1.

Table 22.1

Test fuel

Bur

her/appliance test

Impurity in test fuel

Percent dilution/or con

tentration

Combustion
Undervoltagg

Ignition — Re
(65.1)

All other test
Any test of ¢

Any test of ¢

Sections 58 and 59 ) and
Operation (Section 61 )

duced voltage, cold oil

5
pmbustion or ignition

bmbustion or ignition

Gasoline

Gasoline

Gasoline
Water

Ash

2.0 maximum
10 percent/hominal,

plus or minus 1.0 percent
10.0 maximum

0.1 minimum,

1.0 maximum

2.0 maximum

NOTE — Theg
measured by

viscosity of the test fuel shall be within the range spegified by the burner or appliance manufactu
an appropriate SAE or ASTM Standard.

er when

22.3 If other|
following limi

a) Ei

b) Al

c) Cq

pper <20 to 50 ppm;

d) M

her:
1) Iron — 200 ppm minimum; or
2) Lead — 40Q ppm minimum;
Liminum — 10\to 20 ppm;

hgnesium — 200 ppm minimum;

chemical elements are present in.the‘test fuel, it is recommended that they
s, as determined by laboratory analysis of the test fuel:

be within the

e) Calcium — 100 ppm minimum;

f) Phosphorus — 800 ppm maximum;

g) Boron — 10 to 40 ppm;

h) Sodium — 100 to 250 ppm;

i) Nickel — 3 ppm minimum;
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j) Ch

romium — 3 ppm minimum;

k) Silicone — 10 to 50 ppm; and

[) Zinc — 400 ppm.

22.4 For the purpose of these requirements, the appliance input rate in gallons per hour when the
appliance is firing waste oil is to be based on the nominal heating value of the heaviest standard grade
of fuel oil selected in accordance with 21.1 for the appliance. Where BTU per hour input is specified in the
requirement (see 87.3.4 and 88.7) the BTU per hour input rate shall also be based on this rate.

23 Instrumentation

23.1 Draft

23.1.1 Draft
column and t
at the beginn
23.2 Fuel in

23.2.1 The f
(0.004 kg) on

23.3 Power
23.3.1 The t

23.3.2 Anel
measured. T

23.4 Speed
23.4.1 Mech

driven by a
is recommen

s to be measured by a draft gauge that may be read directly to 0.005sinch (0.1
hat has an accuracy of +£0.0025 inch (£0.064 mm). A gauge is to be'checked for
ing and at the end of each test.

put

Lel input rate to a burner during a test is to be determined by a scale accurate 1
a burette capable of the same accuracy.

measurement
btal electrical input to an appliance is to be measured in amperes.

betrical meter is to have a maximum»scale range of no more than 1-1/2 times th
ne smallest scale division is to be,no more than 1/50 of the maximum scale ra

measurement
anical or electronic means are to be used to measure the speed of a motor or

otor. The load imposed by the counter is not to adversely affect motor speed. A
ded for measuring-the speed of a motor rated less than 1/8 horsepower (93 W

3-mm) water
zero reading

o0 0.01 pound

e value to be
hge.

A mechanism
stroboscope
output).
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23.5 Static pressure

23.5.1 Aninclined draft gauge is to be used to measure external static pressure in the outlet plenum. The
gauge is to have an accuracy of £0.0025 inch (+0.064 mm) and is to be capable of being read directly to
0.005 inch (0.13 mm).

23.5.2 The static pressure connection is to consist of one of the constructions shown in Figure 23.1.
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Figure 23.1
Static pressure pickup arrangements
STYLE 1
€
£
o
e
1216° | 1" 7
(1.6mm) | (25.4 mm) <
Sy
o
- e | 48
7 | ElE.7Fim5
>)< T 1T g %
umu V}D
9/16°D (6.4mm)
(14.3mm> -1

BRASS BOLT, S5/16°-18

(79mm -18 threads per 25.4mm)
MODIFIED AS SHOWN~WITH

NUT AND WASHER

STYLE II

GALVANIZED STEEL DISC
6°¢152mm> IN DIAMETER
NO.28 GSG (0.48mm)

DRILL 0.040°¢1.02mm>
ORIFICE

COPPER TUBE, 1/4°¢6.35mm)
LENGTH AS REQUIRED

PLENUM

S 2605
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23.6 Temperature measurement

23.6.1 Temperatures shall be measured by means of a potentiometer and thermocouples except that the
change-of-resistance method may be used to measure the temperature of motor windings or coils. The
thermocouples shall consist of wire no larger than 24 AWG (0.21 mm?) and no smaller than 30 AWG (0.05
mm?). The thermocouple wire shall comply with the requirements specified in the Tolerances on Initial
Values of EMF versus Temperature tables in the Standard Specification and Temperature-Electromotive
Force (emf) Tables for Standardized Thermocouples, ANSI/ASTM E230/E230M.

23.6.2 If thermocouples are used in the determination of temperatures in connection with the heating of
electrical equipment, it is standard practice to use thermocouples consisting of 30 AWG (0.05 mm?) iron
and constantan wires and a potentiometer type of indicating instrument. This equipment will be used
whenever referee temperature measurements by means of thermocouples are necessary.

23.6.3 Thermocouples are to be placed on surfaces of the test enclosure at variouscdocations as may be
required to ¢bserve maximum temperatures during tests. Where the chimney seonnectof pierces the
enclosure, tefmperature measurements on the inside surfaces of the enclosure.are to be made 6 inches
(152 mm) ayvay from the chimney connector. Thermocouples are to be f@ttached to other pertinent
materials and parts such as those indicated in Table 26.1.

23.6.4 A thefmocouple junction and adjacent thermocouple lead wire_are to be securely held in thermal
contact with fhe surface of the material whose temperature is being measured. In most cises, thermal
contact will fesult from taping or cementing the thermocouple)in’ place; but where a mefal surface is
involved, braking or soldering the thermocouple to the metakmay be necessary.

23.6.5 Thermocouples are to be secured to wood surfaces by staples over an insulated portipn of the wire
and with the [tip held in thermal contact with the surface by pressure-sensitive tape; excepf that for zero
clearance, the thermocouples are to be applied to.stirfaces of the furnace at points of zero [clearance.

23.6.6 Thermocouples are to be attached to-surfaces other than as described in 23.6.4 gnd 23.6.5 by
being cemented or taped to the surface to provide thermal contact with the surface.

23.6.7 The flue-gas temperature is 'to) be measured by a thermocouple, as illustrated in| Figure 23.2,
inserted into the chimney connector as shown in Figure 23.3. There is to be no draft control between the
appliance anfl the point where-the flue-gas temperature is measured. If a draft control is ingorporated in
the appliancg, the draft control-shall be reliably sealed in the position allowing maximum draft during all
tests.
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Figure 23.2
Standard thermocouple for flue-gas temperatures

777777777777 7

| | L)
| - 11/8"
(28.6mm)
5/32" MAX,
(4,0mm)
J_ SILVER SOLDER OR
- WELD JUNCTION,
i DO NOT OXIDIZE
| .070" MAX
(1.78mm)
¢ e IR
PA152 _A

1. 20 AWG (0.1 mm?) iron-cobstantan, asbestos, or woven-glass-covered thermocouple wires extending from hot junction to
potentiometer ol reference janction.

2.1 — Leads & Northrup Standard 714B, or equal, 1/4 inch (6.4 mm) outside diameter of two-hole porcelain insulator cut to length
and ends bevelgd,on, two sides.

3. 1 —-5/16 inch (7.9 mm) outside diameter by 0.032 inch (0.81 mm) wall tubing. Ream, if necessary, to fit over insulator; then crimp
ends over beveled ends of insulator.

4. 1 — Small wooden handle.
5. 1 — Piece of rubber tubing, approximately 5/16 by 3/32 by 2 inches long (7.9 by 2.4 by 50.8 mm long).

6. In lieu of individual components described in ltems 1, 2, and 3 above, any combination of preassembled parts of tubing, insulators,
and thermocouples may be used.
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Figure 23.3
Flue gas thermocouple and support bracket

/ CHIMNEY CONNECTOR

T

THERMOCOUPLE

SUPPORT

- 'l;(/ BRACKET
I \

24 Test Voltiage

S2700

Section A< A

24.1 Unless [otherwise specified, appliances are‘to be tested at the potentials indicated in Table 24.1 for
each test as [specified in the paragraphs describing the test.

Table 24.1
Test voltages

Rated voltage Normal test voltage Overvoltage Undervojtage?
114 - 120 120 132 104
P08 208 229 177
22(q - 240 240 264 204
254 - 277 277 305 234
44 ~. 480 480 528 404
550 =600 600 660 510
Other Rated 110 percent rated 85 percent rated
@ Values in this column are applicable to alternating-current potentials. Undervoltage tests for a direct-current appliance or
component are to be conducted at 80 percent rated voltage.
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25 Power Input Test

25.1 The power input to an appliance shall be no more than 110 percent of the marked rating of the
appliance.

25.2 To determine if an appliance complies with the requirement specified in 25.1, the power input is to
be measured with the appliance at the temperature attained under intended operating conditions, full-load
conditions, and while connected to a supply circuit of rated voltage as specified in 24.1.

26 Temperature Test

26.1 When an appliance is tested in accordance with these requirements, no part shall attain a
temperature pufficient:

a) Tq damage required corrosion protection;
b) Tq adversely affect the operation of safety controls;
¢) Tq impair the value of required thermal or electrical insulation;.and

d) TQ cause creeping, distortion, sagging, or similar damage if 'such damage to the |material or
part nay result in a risk of fire.

The temperafure rises at specific points shall be no greatet\than those specified in Tablg 26.1 unless
otherwise indicated.

Table*26.1
Maximum temperature rises

Device or material Column 1 Qolumn 22

°Cc (oF) °C (oF)

A.  MotorsP°
1. Clags A insulation systems on coil windings of an alternating-current
mofor having a frame diaméter of 7 inches (178 mm) or less (not
inclliding a universal motor)

a. | In an open mator~
Thermocouple-or resistance method 75 (135) 11§ (207)
b. In a totatly“enclosed motor —
Thermoacouple or resistance method 80 (144) 115 (207)
2. Class Alinsulation systems on coil windings or an alternating-current

motprhaving a frame diameter of more than 7 inches, of a direct-
current motor, and of a universal motor

a. In an open motor —
Thermocouple method 65 (117) 115 (207)
Resistance method 75 (135) 115 (207)
b.  In a totally enclosed motor —
Thermocouple method 70 (126) 115 (207)
Resistance method 80 (144) 115 (207)

3.  Class B insulation systems on coil windings of an alternating-current
motor having a frame diameter of 7 inches or less (not including a
universal motor)

a. In an open motor —

Table 26.1 Continued on Next Page
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Table 26.1 Continued
Device or material Column 1 Column 22
o (°F) oc (°F)
Thermocouple or resistance method 95 (171) 140 (252)
b.  In a totally enclosed motor —
Thermocouple or resistance method 100 (180) 140 (252)
4.  Class B insulation systems on coil windings of an alternating-current
motor having a frame diameter of more than 7 inches, of a direct-
current motor, and of a universal motor
a. In an open motor —
Fhermoeotpte-method 85 t+53} +46 (252)
Resistance method 95 (171) 14d (252)
b. In a totally enclosed motor —
Thermocouple method 90 (162) 14 (252)
Resistance method 100 (180) 144 (252)
B. Compongnts
1.  Cagpacitors
Elegtrolytic type? 40 (72) Not specified
Other types® 65 (117)
2. Field wiring 35 (63) 60 (108)
3. Relgay, solenoid, and other coils with®
a. | Class 105 insulated winding —
Thermocouple method 65 (117) 115 (207)
b. | Class 130 insulated winding —
Thermocouple method 85 (153) 14 (252)
4.  Sedling compounds 40°C (104°F) less than its elting point
5.  Trapsformer enclosures® —
a. | Class 2 transformers 60 (108) 85 (153)
b. | Power and ignition transformers 65 (117) 90 (162)
C. Insulated|Conductors®9
1. Apqdliance wiring material
75°F rating 50 (90) 65 (117)
80°f rating 55 (99) 70 (126)
90°f rating 65 (117) 80 (144)
105FC rating 80 (144) 95 (171)
200PC rating 175 (315) 204 (360)
250PC rating 225 (405) 250 (450)
2.  Flexible cord="Tyes SO, ST, SJO, SJT 35 (63) 60 (108)
3. GTO cable 35 (63) 60 (108)
4.  Wirg_Code
Types RF, FF, RUW 35 (63) 60 (108)
Types RH, RFH, FFH, RHW, THW, THWN 50 (90) 75 (135)
Types T, TF, TFF, TW 35 (63) 60 (108)
Type TA 65 (117) 90 (162)
5.  Other types of insulated wires See note'
D. Electrical Insulation — General9 |
1.  Class C electrical insulation material Not specified
2. Class 180 electrical insulation material As determined by test
3.  Fiber used as electrical insulation or cord bushings 65 (117) 90 (162)
4 Phenolic composition used as electrical insulation or as a part whose 125 (225) 150 (270)
failure would result in a hazardous condition

Table 26.1 Continued on Next Page
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Table 26.1 Continued

Device or material Column 1 Column 22
o (°F) oc (°F)
5. Thermoplastic material 25°C (77°F) less than its temperature rating
6.  Varnished cloth insulation 60 (108) 85 (153)
E. Metals
1. Aluminum Alloys
a. 1100 183 (330) 239 (430)
b. 3003 239 (430) 294 (530)
c. 2014, 2017, 2024, 5052 294 (530) 350 (630)
2. Aluminum-coated steel" 656 (1180) 761 (1380)
3.  Carpon steel sheet, cast iron 517 (930) 689 (1230)
4.  Carpon steel-coated with Type A19 ceramic 572 (1030) 689 (1230)
5.  Gallanized steel 267 (480) 35( (630)
6.  Stajnless steel
Types 302, 303, 304, 316, 321, 347 767 (1380) 879 (1580)
Type 309 961 (1730) 072 (1930)
Type 310 101% (1830) 1128 (2030)
Type 405 683 (1230) 795 (1430)
Types 403, 409, 410, 416 572 (1030) 683 (1230)
Type 430 711 (1280) 823 (1480)
Type 442 878 (1580) 933 (1680)
Type 446 961 (1730) 074 (1930)
7.  Zing castings 89 (160) 145 (260)
F.  General
1. Air filter 50 (90) 97 (175)
2 Flu¢ gases 517 (930) 734 (1330)
3.  Surfaces of heater at points of zero clearance to test structure 50 (90) 97 (175)
4 Surface of floor beneath and within 3 feet (0.91 m) of heater to be 50 (90) 97 (175)
clagsified for installation on combustible;floors
5.  Surfaces of test enclosure (ceiling, walls, and the like) 50 (90) 97 (175)
he, excluding
of these
ich as more
temperature of
5s, the
A coil (not
measured by
of the coil as

measured by the resistance method is no more than that specmed in this table.
1)  5°C (9°F) for Column 1 limits for Class A insulation on coil windings of an alternating-current motor having a
diameter of 7 inches or less, open type.
2)  10°C (18°F) for Column 1 limits for Class B insulation on coil windings of an alternating-current motor having a
diameter of 7 inches or less, open type.
3)  15°C (27°F) for Column 1 limits for Class A insulation on coil windings of an alternating-current motor having a
diameter of more than 7 inches, open type.
4)  20°C (36°F) for Column 1 limits for Class B insulation on coil windings of an alternating-current motor having a
diameter of more than 7 inches, open type.
d For an electrolytic capacitor that is physically integral with or attached to a motor, the temperature rise on insulating material
integral with the capacitor enclosure may be no more than 65°C (117°F).

Table 26.1 Continued on Next Page
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Table 26.1 Continued

Column 1

°Cc (oF)

Device or material

°C

Column 22

P

rating.

are specified is

€ A capacitor that operates at a temperature higher than 65°C rise may be judged on the basis of its marked temperature

f For standard insulated conductors other than those specified, reference should be made to the National Electrical Code, ANSI/
NFPA 70; the maximum allowable temperature rise in any case is 25°C (77°F) less than the temperature limit of the wire in
question where Column 1 temperature rises are specified, and the maximum allowable temperature rise where Column 2 rises

to be based on the heat resistant properties of the insulation.

9 The limitations on phenolic composition and on rubber and thermoplastic insulation do not apply to compounds that have
been investigated and found to have heat resistant properties.

h When the ref
461°C (839°F).
i The specified
surface is utiliz|

ectivity of aluminum-coated steel is utilized to reduce the risk of fire, the maximum allowable temp

maximum temperature rises apply if the galvanizing is required as a protective coating, orthe refl
bd to reduce the risk of fire.

erature rise is

bctivity of the

26.2 The sp
Sections 94
temperature

27 Stalled R

27.1 This teq
the overcurrg

27.2 The ap

27.3 The rof
to be immedi
a maximum.
temperature
125°C (225°1

28 Short-Ci
28.1 Inheren
conductors (

protected by

a)A

peific conditions of the temperature test for central furnaces and-umit heaters a
— 98 and 106 — 109, respectively. The specific conditions of“the continug
est for a burner is covered in Section 63, Continuous Operatioh Temperature
an Motor Test

t is to be conducted on fan-type appliances only ifithe impedance of the fan m
nt protection for that motor. Only the fan-motor\temperatures need be recorde

bliance is to be operated under the conditions described in 96.1 and 96.2.
br of the fan motor is to be locked while the circuit is temporarily de-energized.

Any manually reset control that-functions is not to be reset during this test. T
fise above room temperaturé-attained by the motor during the test is to be 1

:) .
cuit Test

t overheating-protective devices, bonding conductors or connections when
f multiplesmetor circuits shall withstand short-circuit and ground-fault con

device that is recognized for branch-circuit protection and located in the produ

Fe covered in
us operation
Test.

otor provides
of

The circuit is

ptely re-energized and allowed to_remain energized until the fan-motor temperature reaches

he maximum
o0 more than

equired, and
ditions when

ct; or

b) A branch-circuit protective device of the type and maximum rating specified on the product
nameplate. 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 low-voltage circuits.
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28.2 For the purpose of these tests;

a) Circuit breakers and fuses are not considered to be interchangeable;

b) Fuses 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 Type circuit breakers.

28.3 The device is to be connected in a circuit having a capacity based on the full-load current and

voltage rating of the appliance as indicated in Table 28.1. The appliance full-load current Is determined by
adding the mptor full-load current of each motor, as determined in accordance with the Natignal Electrical
Code, ANSI/INFPA 70, for the marked horsepower rating of the motor, and the currentyrating pof each other
load. Each simultaneous load condition is to be considered separately, and the maximum regulting current
is to be used as the basis for selection of the capacity of the test circuit. The voltage sourde for the test
circuit is to bg an alternating-current supply and the circuit capacity is to be mgasured withqut the device
in the circuit.
Table 28.1
Short-circuit test currents
Full-Load amperes
Single Phase Circujt capacity
amperes

115 Vojts 208 Volts 230 — 240.Yolts 277 Volts

9.8 or Igss 5.4 or less 49 0r less - 200

9.9-16.0 5.5-88 5.0-8.0 6.65 or less 1000

16.1 — 34.0 8.9-18.6 8.1-17.0 - 2000

34.1 - §0.0 18.7 — 44.0 17.1 - 40.0 - 3500

Over 80.0 Over 44.0 Over 40.0 Over 6.65 5000

Three Phase
Circujt capacity

208 Vojts 220~'240 Volts 440 — 480 Volts 550 — 600 Volts amperes

2.12 or less 2.0 or less - - 200

213 -8.7 21-35 1.8 or less 1.4 or less 1000

38-45 3.6-9.0 - - 2000
9.6 - 28.3 9.1 -22.0 - - 3500
Over 28.8 Over 22.0 Over 1.8 Over 1.4 5000

28.4 Except as indicated in 28.6 — 28.9, an overcurrent protective or a thermal protective device in an
appliance having more than one motor wired for connection to one supply line shall withstand
short-circuiting without creating a risk of fire or electric shock when protected by a fuse rated at 400
percent of the full-load current of the largest motor of the group plus an amount equal to the sum of any
additional loads supplied.
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28.5 The nearest standard size fuse, rated no higher than the current indicated in 28.4 but no less than
15 amperes, is to be used for the test. The maximum fuse size marked on the appliance, as specified in
34.8, is not to exceed this value.

28.6 With reference to 28.4, the protective device may be tested with a fuse having a lower rating than
indicated if the appliance:

a) Will start and operate without blowing the fuse; and
b) Is marked to indicate such a maximum limit of fuse protection.

28.7 The test specified in 28.1 need not be conducted if:

a)A
withi

thermally protected motor or a separately enclosed motor-overload protective
h an outer cabinet of the appliance;

levice is

b) Th
spec
circu

e motor or device is intended to be protected by a fuse or HACR-Jype circuit
fied on the unit nameplate or provided as part of the unit and is"acceptable fo
t protection;

breaker as
branch-

c) Th
cabir

e assembly is constructed so that flame and molten metal will be confined wit
et;

hin the

d) Combustible material, except electrical insulation ot an air filter, is not located bglow the

motor and has the characteristics specified in 8.246; and
e) Short-circuiting between live parts of differént circuits will not result.
28.8 Short c
not exceedin

protected at
following con

rcuit tests need not be conducted onan assembly provided with more than on¢ motor, each
g 1 horsepower (746 W output) in rating and intended to be used on a branch circuit
no more than 20 amperes at 125 volts or less or 15 amperes at 126 — 600 volts, if the
ditions are met:
a) Th

e marked maximumybranch circuit protective device size does not exceed 20 amperes at

125

b) Th

28.9 Short ¢
motors have

a) Tt

olts or less or 15-amperes at 126 — 600 volts; and
e full-load current rating of each motor does not exceed 6 amperes.

rcuit tests need not be conducted on an assembly provided with more than on
full-lI6ad current or horsepower rating(s) in excess of those ratings specified in

b motor if the
28.8 if:

the maximum size for protecting the motor of the smallest rating; and

1 (! - L L - - . (] - - £ () lal (]
e marked-maximumbranchcircuit-protective device sizeof the—assembtydoes not exceed

b) It is determined that a fuse of marked size will not open under the most severe conditions of

servi

ce that might be encountered.
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28.10 A nonrenewable cartridge fuse is to be connected in series with the device. A new fuse and device,
connection, or conductor are to be used for each test.

28.11 Bonding conductors and bonding connections shall not open when the appliance is subjected to the
conditions of this test.

28.12 Motor-circuit conductors shall not become damaged when the appliance is subjected to the
conditions of this test.

28.13 For the test referenced in Exception No. 2 of 14.3.2, three samples of each conductor under
consideration are to be subjected to each test condition specified and a new protective device is to be
used for each test. The conductor and connection to be tested are to be connected in series with the

overcurrent-
conditions. T|
28.1 and is f
circuit is to b
factor is detd
a result of th

28.14 There
three sample

29 Overload

29.1 A high-
cutoff type m

29.2 Tempe
windings, arg
as the rating
insulation.

29.3 The trg
Dielectric Vo

29.4 Three 4
the three san
is not to exce

29.5 A varia
operated con

protective device. Consideration Is to be given to both short-circuit and
he capacity of the circuit is to be based on the ratings of the unit in accordan
p be measured without the lead to be tested in the circuit. The voltage)'sourc
e as specified in Table 28.1 and the power factor is to be 0.9 — 1.0~unfess a
rmined to be acceptable. None of the conductors or lead terminations shall be
P test.

shall be no ignition of cheesecloth surrounding the enclesure of a protective
S are tested.

Test, High-Voltage Transformers

Voltage transformer provided with thermal protéection of other than the nonrenev
entioned in the Exception of 15.2.1 shall be(Subjected to the test described in 2

atures of a thermally protected high-veltage transformer, as measured on the §
not to exceed the insulation-temperature rating. The insulation-temperature rat
for the class of insulation; such@s 105°C for Class 105 insulation and 130°C

nsformer shall comply ‘with the dielectric voltage-withstand test described in
tage-Withstand Test.— Appliance immediately following the test described in 2
amples of the transformer-protector combination are to be tested. Average tern
ples are not'to.exceed the winding-insulation rating and the temperature of an

ed the insulation rating by more than 5°C (9°F).

ble-résistance load is to be connected to the output terminals and the transfoj

ground-fault
ce with Table
e for the test
lower power
damaged as

device when

vable thermal
0.4 and 29.5.

urface of the

ng is defined
or Class 130

Section 31,
D.4 and 29.5.

nperatures of
y one sample

rmer is to be

a switching d
in the circuit.

The ambient (room) temperature during the test is to be ap

- i vice is to be
proximately 25°C (77°F). The

tinuodsly at the normal test voltage specified in Table 24.1. If the protective divice controls

resistance load is to be adjusted so that the transformer winding is brought to a stabilized temperature of
approximately 10°C (18°F) below its insulation rating. The load is then to be gradually increased until
operation of the protector occurs.
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30 Burnout Test, High-Voltage Transformers

30.1 A high-voltage transformer shall be subjected to the test described in 30.2 and 30.3. There shall be
no emission of flame or molten metal from the transformer enclosure.

Exception: A high-voltage transformer that is provided with thermal-overload protection of other than the
nonrenewable thermal cutoff type, as specified in the Exception of 15.2.1 or that is protected by an
over-current device or devices, as specified in 15.3.1, need not be tested.

30.2 Three samples of the transformer are to be operated continuously at the normal test voltage
specified in Table 24.1, and at rated frequency, with the enclosure grounded. The test is to be conducted

at an ambient (room) temperature of approximately 25°C (77°F) and operation is to be continued until:

a) By

b) Constant temperatures are indicated by a thermocouple secured to the transforn

encld

The test circlit is to be protected by fuses rated no less than required forithe product.

30.3 The lodg
and is to be
readjustment]

a)A
seco

b) If
draw|

c) If
ora

armature of the largest blocked open.

Exception:
with the outp

rnout occurs; or

sure.

d connected to the output terminals of the transformer iS)to be the highest of
readjusted, if necessary, to the specified value after-2{minutes of operation, w
during the remainder of the test:

resistance load that draws a current equal to‘three times the full rated transfor
hdary current;

he transformer supplies a motor with:or without additional loads, a resistance

he transformer supplies an inductive load (other than a motor), such as the co
olenoid, a resistance load\that draws a current equal to the sum of such load

\ transformer that-eannot provide the output current specified in items (a) — (c) i
Ut terminals of the-transformer short-circuited.

5 a current equal to the motor locked=rotor current plus any additional loads; of

er

the following

ith no further

mer

oad that

il of a relay
5 with the

5 to be tested
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31 Dielectric Voltage-Withstand Test — Appliance

31.1 An appliance shall be capable of withstanding without breakdown for a period of 1 minute, the
application of a 60 hertz potential between high-voltage live parts and dead metal parts, and between live

parts of high-

and low-voltage circuits. The test potential is to be:

a) 1000 volts plus twice the rated voltage; or

b) 1000 volts for a motor rated at no more than 1/2 horsepower (373 W output) and no more

than

250 volts.

31.2 If higher than rated voltage is attained in a motor circuit through the use of capacitors, the rated

voltage of t
However, if
involved part

31.3 A low-V
the applicatig
opposite pola

31.4 The die
conducted o
condition and

31.5 A trans
and can be V

increased gradually from zero until the required test value is reached and is to be held at th

1

e appliance Is to be used In determining the dielectric voltage-withstand, t
he developed steady-state capacitor voltage exceeds 500 volts, the test\pef
5 is to be 1000 volts plus twice the attained voltage.

oltage circuit shall be capable of withstanding without breakdowp.for' a period
n of a 60 hertz alternating potential of 500 volts applied betweéen’low-voltage
rity and between low-voltage live parts and dead-metal parts:

lectric voltage-withstand test between low-voltage live parts of opposite polarity
n the complete assembly if the components have been separately subjecte
if the wiring material is as indicated in Table 8.1¢

ormer rated 500 volt amperes or more, the output voltage of which is essentig
aried, is to be used to determine compliange,with 31.1 — 31.3. The applied pot

cst potential.
ential for the

of 1 minute,
live parts of

need not be
H to this test

lly sinusoidal
bntial is to be
at value for 1

minute.

Exception: A transformer rated 500 volt amperes or more need not be used if the high pofential testing
equipment uged for the test maintains the.specified high potential voltage at the equipment fdr the duration
of the test.

MANUFACTURING AND PRODUCTION TESTS

32 General

32.1 To detgrmine compliance with these requirements in production, the manufacturer of the appliance
shall check, inspect,(and test the components and assemblies of each as specified in 32.2.

32.2 Factory

inspéctions and tests shall include the following:

a) Inspection of all raw materials;

b) Inspection of combustion chambers and heat exchangers to determine compliance with
manufacturing specifications;

¢) In the case of power-operated burners not separately inspected, each burner or the essential
components of a burner are to be tested to determine and eliminate the following:

1) QOil leaks;

2) Electrical defects;
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3) Misalignment;

d) Each burner not separately inspected is to be checked to determine:

1) Proper oil pressure;
2) Total motor input;

3) Proper adjustment of igniters;

e) If appliances are not assembled at the factory, the manufacturer is to periodically assemble
an appliance from production to check compatibility of the subassemblies. The components are

to be
100

inits produced, but no more than one for each week of production; and

f) A dlielectric voltage-withstand test on each assembled appliance incorperating a 1

elect

The test shal
33, Productid

33 Producti

33.1 The ma
potential as i
for a period ¢

a) 10

b) 10
than

Exception:
test potentia

33.2 For an
connected to|
the high-voltg
parts and thq

33.3 Ifan ap

rical circuit(s).

be conducted as described in the production line dielectric voltage-withstand t
n Line Dielectric Voltage-Withstand Test. The burner may bé-tested as a separa

pn Line Dielectric Voltage-Withstand Test

nufacturer shall conduct a dielectric voltage-withstand test on each appliancs
ndicated in (a) and (b) shall be applied between-high-voltage live parts and dea
f 1 minute:

00 volts plus twice the rated voltage;;or

00 volts for a motor rated at noaore than 1/2 horsepower (373 W output) andg
250 volts.

he application of the potéential may be reduced to a period of 1 second if the
is 120 percent of the value specified in (a) or (b).

appliance using a-fow-voltage circuit, the test is to be conducted with the low-
the cabinet,‘chassis, or other dead metal part so that the potential that is apy
Lge live parts-and dead-metal parts will simultaneously be applied between hig
low-vgltage circuits.

pliance is provided with components, such as a solid state control which can be

capable of being readily assembled. It is suggested that one unit be so checked for each

igh-voltage

pst in Section
ite assembly.

2. A 60 hertz

d metal parts

no more

value of the

oltage circuit
lied between
h-voltage live

damaged by

the dielectric

. s 1 4l b b L (] b L £ 4l NN - 1 dsan. Il
Y , UTE &Sl 1Tidy UE LUTNUULIicU UCTUTT 1S LCUITIPUTITCTTIS ) 1S5 Tietuitdl

connected.

However, to determine compliance with 33.1, a random sampling of each day’s production is to be tested
with the components electrically connected.

33.4 A transformer rated 500 volt amperes or more, the output voltage of which is essentially sinusoidal
and can be varied, is to be used to determine compliance with 33.1.

Exception: A transformer rated 500 volt amperes or more need not be used if the high potential testing
equipment used for the test maintains the specified high potential voltage at the appliance for the duration

of the test.
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33.5 The test equipment used for the test described in 33.1 is to include a visible indication of application
of the test potential and an audible, visible, or both audible and visible indication of breakdown. In the
event of breakdown, manual-reset of an external switch is to be required or an automatic reject of an
appliance under test is to result.

MARKINGS

34 Nameplate

34.1 The following information shall be legibly and permanently marked on each heating appliance:

a) The manufacturer’s or private labeler's name or trademark and a distinctive type, model, or

catal

b) Th

the ipdividual or total load rating according to 34.7. If the assembly includes._provisi

than

c) "H
of w4
"autd

d) "H

numbper indicating the standard grade of fuel oil for which the heating appliance is |

e) Th

bg designation;

e electrical ratings, including the voltage, frequency, number of phases-if-poly
one supply circuit, the rating of each circuit shall be marked;

pr use with waste ____” or the equivalent. The blank space.is to be filled in w
ste fuel for which the heating appliance is recommended;, such as “crankcase

matic transmission oil,” or the like;

or use with No. grade fuel oil” or the equivatent! The blank is to be filled

liter

f) The manufacturer's recommendedfuel supply or nozzle pressure in pounds per s

(psig

g) Th
the 4

h) If
with
used

mounting of @iy filters;

i) Th

e maximum firing rate of the burner expressed to the nearest 0.1 gallon per h

(6.8948 kPA) for each type. of fuel the appliance is intended to fire;

e manufacturer's recommended atomizing air supply pressure in psig for each
ppliance is intendedito fire;

b forced-air central’furnace is tested without circulating air filters to determine

hese requirements, the furnace shall be marked to specify that the furnace is
with air filters and the construction of the furnace shall incorporate no provisio

b.type of flooring, combustible or noncombustible, and the minimum clearance

bhase, and
bns for more

th the type
oil,”

in with the
ated;

bur (0.379

er hour). The rate shall be marked for gach type of waste oil and standard grade fuel oil
the gppliance is intended to fire unless the-rate is the same for each type of fuel;

quare inch

type of fuel

compliance
hot to be
n for the

5 to adjacent

cons

roctiomtobeprovided-whentheapptanceisinstatted;

i) The intended maximum outlet-air temperature of a furnace, if 200°F (93°C) or less. Furnaces
provided with a limit control that functions to limit the outlet-air temperature between 165°F
(74°C) and 200°F shall be marked “Intended maximum outlet-air temperature — 200°F (93°C) or
less”. Furnaces provided with a limit control that functions to limit the outlet-air temperature to
165°F or less shall be marked “Intended maximum outlet-air temperature — 165°F (74°C) or

less”;

k) An appliance tested for operation at an external static pressure in excess of that indicated in
Column 1l of Table 88.1 shall be marked to specify the static pressure at which the furnace was
tested;
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[) “"For commercial and industrial use only”; and

m) The date or other dating period of manufacture not exceeding any consecutive three
months. The date of manufacture may be abbreviated; or may be in a nationally accepted
conventional code or in a code affirmed by the manufacturer if the code:

1) Does not repeat in less than 20 years; and

2) Does not require reference to the production records of the manufacturer to

determine when the product was manufactured.

34.2 All required nameplate markings shall be readily visible after installation of the heating appliance. A

location with
readily visibl

i
decalcomani£

34.3 Among
secured by
temperatures
or abnormal

34.4 Each
labeler’s ider

34.5 If a m{

a burner compartment provided with a door or removable panel for access
after installation. The marking shall be permanent, as afforded by a metal hg
transfer or pressure-sensitive material.

the factors taken into consideration when determining the acceptability of
hdhesives are the adhesive properties and the resistance tofdefacement g
and in atmospheres to which the nameplate may be subjected under condition
ise.

tification and catalog designation.

nufacturer produces appliances at more than’one factory, each assembly

distinctive marking to identify it as the product of a particular factory.

34.6 An app
removed sha
following or t

34.7 An app

The marking
is the sum of

Exception N¢

liance in which moving parts are exposed to the user when a door, panel
Il be marked where readily visiblevafter installation with the word "WARNI
he equivalent: “Shut off the equipment before removing or opening the cover @
iance shall have the individual loads marked:

full-load amperes and horsepower for motors; and

amperes or watts-for a resistance heating element.

shall cleaflyindicate which loads operate concurrently unless it is evident that
the individual loads.

~I5A motor rated less than 1/8 horsepower (93.2 watts output) and heater ci

s considered
meplate or a

a nameplate
r removal at
s of intended

ajor assembly not a part of the appliance shall be marked with the manufacturgr’s or private

shall have a

or shield is
NG” and the
r door”.

the total load

fcuits may be

marked in watts:

Exception No. 2: A heater load of less than 1 ampere and pilot duty loads need not be so marked.

Exception No. 3: The nameplate ampere rating for appliances provided with a single power supply and
consisting of more than one motor or a motor and other loads, such as heaters, may be a single ampere
value rather than separate ratings for the individual loads under both of the following conditions:

a) The single load rating in amperes, the marked maximum size of the supply circuit overcurrent
device, and the marked minimum circuit ampacity do not exceed the values in Table 34.1.
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b) The single marked ampere rating is no less than the sum of the individual load ratings (at the
maximum concurrent load condition) which would be required to be marked on the appliance if
the individual load ratings were indicated.

Table 34.1
Load Ratings
Maximum ampere rating Maximum voltage rating Phase Maximum rating of
overcurrent protective
device and minimum circuit
ampacity, amperes
12 600 1or3 15
10 120 Ll zU
34.8 The nameplate of an appliance shall be marked to indicate the minimum circuif ‘ampgcity and the

maximum rat

a)ls

prote

b) Is

moreg

ng of the circuit protective device if the appliance:

provided with more than one motor incorporating inherent overheating or over
ction; and

circuits, the nameplate shall indicate the minimum cifeuit ampacity and the m

rating of the circuit protective device for each circuit.

34.9 The minimum circuit ampacity shall be equal to the sum of the following loads (which
concurrently)

a) Full load current rating of each motor;

b) 25 percent of the full load current rating of the largest motor; and

c) Ratings of all other loads.
34.10 The mparking specified in 34.8 shall specify a fuse as the protective device but ma
specify a maximum HACR Typeseircuit-breaker size if the required short-circuit tests have be

in accordanc

b with 28.1 using.a’HACR Type circuit breaker.

to be operated from a single supply line. If an appliance is.intended for use or

current

two or
AXimum

may operate

ly additionally
bn conducted
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35 Supplementary

35.1 If a motor that is connected in a circuit as described in 16.2 is installed remote from its controller,
the rating of the remote motor, the size of the conductors supplying the motor, and reference to the
location of the disconnect device for the remote motor shall be shown on the unit or on a wiring diagram
attached to the unit.

35.2 If more than one disconnect switch may be required to disconnect all power within a control
assembly or compartment, the assembly or compartment shall be so marked. The marking shall be in
letters no less than 1/8 inch (3.2 mm) high, preceded by the word “CAUTION,” and shall be readily visible
before or immediately after exposing the live parts that may be connected to different circuits.

35.3 Instructjons for replacing the air filter with equivalent material shall be permanent
imprinted adjacent to or on the filter service panel. The marking is to be readily visible duting
Directions fof installing the air filter when not factory-installed shall also be marked onthe apj
operation in §ccordance with these requirements is obtained only when the filter is,s0" insta

35.4 A fuse-feplacement marking shall be provided for a replaceable fuse that is part of the
is part of a remote-control assembly. The marking shall specify the current rating of the fus
and shall be visible when the cover or door of the fuse compartment is, open.

35.5 If a supplementary fuse is provided in accordance with the excéption of 14.4.2 or 15.3.3
specified in 35.4 shall also include the identification of suitable fases by manufacturer’s or pri
name, catalog designation, and voltage rating.

35.6 If an agpliance is provided with a direct-connected high-voltage control circuit as speci
the appliancg shall be marked to indicate the maximum size of an overcurrent device or dg
ircuif. The rating of an overcurrent device:shall be:

more than 20 amperes for 18,16, and 14 AWG (0.82, 1.3, and 2.1 mm?) con
b) Ba

table
diagf

sed on the ampacity of the'control circuit conductors in accordance with the a
5 in the National Electrical Code, ANSI/NFPA 70. The marking shall appear orj
am, adjacent to the field wiring terminals, or on the appliance nameplate.

35.7 Unless
appliance. A

proper field-wjfing connections are evident, a wiring diagram shall be pro

35.8 If the appliancé requires a time-delay fuse for proper start up, the appliance shall be s

35.9 An appliance’intended for connection to a wiring system other than metal-clad cable or

y marked or
replacement.
bliance if safe
led.

appliance or
e in amperes

, the marking
vate labeler’s

iedin 14.2.1,
vices for that

ductors; and
mpacity

the wiring

/ided on the

paper stickefiglued or shellacked to an accessible cover is considered acceptable.

o0 marked.

conduit shall

be marked to-mdicatethe-systemor-systemsforwhichitisintended—hemarkingshattbetdcated so that
it will be visible when power supply connections are made to the appliance.

35.10 An appliance provided with a 3-phase motor which has been investigated as specified in 13.5(b)
shall be marked to indicate that the motor is protected under primary single-phasing conditions. The
marking shall be a paper sticker or decal or shall be provided on a wiring diagram attached to the
appliance.
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35.11 If an air-atomizing burner is not provided with means to supply atomizing air, the assembly shall be
marked with the minimum volume of air in cubic feet (m3) per minute and the minimum operating pressure
of air to be supplied.

35.12 Terminals for field wiring shall be marked "USE COPPER CONDUCTORS ONLY”, "FOR USE
WITH ALUMINUM OR COPPER CONDUCTORS”, or with an equivalent statement, as applicable. This
marking shall be independent of any marking on the terminal connectors.

INSTRUCTIONS

36 General

36.1 A copy|of the manufacturer's operating and installation instructions intended to be provided with
each waste @il burning appliance shall be used as a guide in the examination and testlef-the appliance.

36.2 The inptructions shall include directions and information to cover thesinténded installation,
maintenance| and use of the waste oil burning appliance and shall include thefallowing:

a) Statements that the appliance is for commercial or industrial use only and that tHe installation
shalllbe in accordance with the Standard for the Installation of Oil-Burning Equipmgnt, ANSI/
NFPA 31; the National Electrical Code, ANSI/NFPA 70; and the requirements of th¢ inspection
authgrities having jurisdiction;

b) A [statement that the appliance shall be installed enly' by a qualified installer, such as one
who |s engaged in, responsible for, or thoroughly familiar with the installation and operation of
oil-fired appliances; who is experienced in such Work and is familiar with the precaytions

requifed; and who will comply with all the requirements of the authority having jurisgdiction over
the ipstallation;

¢) Information on the general characteristics of waste oils, including statements thaf:
1) Such oils may contain.gasoline; and

2) Specific precautions on the handling and storage of waste oils;
are tp be observed;

d) If ppecific precautions must be taken during cleaning and servicing of a combustjon chamber

liner,| a stateément that the combustion chamber and liner must be inspected periodigally for any
deteffioration*and instructions for the inspection and replacement, if necessary, of thHe liner; and

e) Thefottowing-statementortheequivatent—Foryour protectiom=Dbonotstoreor use
gasoline or other flammable vapors and liquids in the vicinity of this or any other appliance”.
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PART Il - BURNERS

CONSTRUCTION

37 General

37.1 In addition to the requirements specified in Sections 1 — 36, a burner shall comply with the

requirements specified in Sections 37 — 70.

37.2 Fuel-confining parts or operating parts shall not sag, distort, melt, oxidize, show leakage of fuel, or
prevent a safety device from functioning during any of the tests described in Sections 57 — 70.

F

a) at 400°F

37.3 To conply with 37.2, a material shall have a melting point, solidus temperature, of [no less than
950°F (510°C¢) and a tensile strength no less than 10,000 pounds per square inch (69, M
(204°C).

37.4 Fuel-co
equivalent is
temperature

Ihfining parts that do not comply with 37.2 and 37.3 may be used jf.afusible-lin
included in the assembly of the burner to shut off the fuel supply in the event
pr fire in the vicinity of such parts.

37.5 A burn
hydrostatic pfessure equivalent to five times the maximum working<pressure.

valve or the
of excessive

r part intended for the handling of fluids under pressure_shall withstand, without rupture, a

37.6 Soft so|der shall not be used on any fuel-handling parts.if:melting of the solder may allow leakage

oldered joints, where permitted, shall be made.mechanically secure before so

37.7 The burner shall function to minimize the generation of unburned vapors and sha
chambers or[pockets in which unburned vapors may*accumulate. An oil-conveying pipe or
not be exposed to temperatures which may resultin carbonization or clogging when the bu
in accordancg with the tests described in Sections 57 — 70.

37.8 A fuel-handling component shall be.rated for use with fuel oil of the numerical grade r
by the manufacturer of the appliance\.and shall have a working pressure or design pressure
the maximunp pressure to which the-component is exposed during the tests described in §
70. For purpgses of applying thisstequirement, waste oils shall be graded according to Tabl

dering.

| not include
assage shall
rer is tested

pcommended
no less than
bections 57 —
e 37.1.
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Table 37.1
Waste oil grades
Viscosity, S.S.U. at 100°F (38°C)?
Grade of oil Minimum Maximum
2 34 40
4 45 125
5 150 800
6 45b 300°
2 8.S.U. — Saybold Seconds Universal
b Measured in Saybold Seconds Furol (S.S.F.) at 122°F (50°C)
38 Materialsl
38.1 An eladtomeric material used in a component of a burner that is exposed to;waste oil fuel shall be

tested for req

a) Cause external leakage of oil from the component involved;

b) St

c) Pr

d) Result in unstable operation of the burner during any of the tests conducted on {
Bnce.

appli

39 Assembly

39.1 A burngr shall be factory-built as a group assembly and shall include all the parts neg

intended fur

subassembli¢s.

Exception:
provided with

39.2 The bu
few subasse

assembly without requiring alteration, cutting, threading, welding, or similar tasks by the ins
more subassemblies, which must bear a definite relationship to each other for the intendeg
the equipmept, shall be arranged and constructed so that they can be incorporated into

bp operation of a power-operated pump;

event an automatic valve from functioning as a safety shut-off valve; or

The equipment necéssary to supply atomizing air to an air-atomizing burner

istance to gasoline if shrinkage or swelling of the part may:

ction when installed as iniended. The equipment may be shipped as

the assembly if the-burner is marked in accordance with 35.11.

ner equipment; if not assembled by the manufacturer as a unit, shall be cons
blies as{ptacticable. Each subassembly shall be capable of being incorporateg

essary for its
WO Or more

need not be

tructed in as
into the final
taller. Two or
operation of

the complete

assembly without need for alteration or alignment only in the correct relationsnip with each other; or such
assemblies shall be assembled, tested, and shipped from the factory as part of the burner assembly.

39.3 The burner shall provide a uniform and definite supply of fuel and air for combustion when installed
and adjusted in accordance with the manufacturer’s installation instructions. The means for regulating the
supply of air and oil shall be constructed so that the adjustments may be fixed or restricted to prevent

unintentional

changes in settings.
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39.4 A burner of the “swing-type” shall be provided with means for locking the burner in the firing position
and, for an automatically-lighted burner, to prevent it from discharging fuel when in other than the firing
position.

39.5 An adjustable or moveable part shall be provided with a locking device to prevent unintentional
shifting.

39.6 After removal and replacement, screws or bolts used to attach parts that are detached for servicing
of the burner shall continue to secure such parts upon the application of the torques indicated in Table
39.1.

Table 39.1
Torque requirements for screws or bolts
American standard screw size Torque 1.S.0. Screw Torque
size

No. mm Lb-In N-m mm N-m Lb-In
- - - - 4 1.6 14
8 4.2 18 2.0 4.5 2.6 23
10 4.8 30 3.4 5 4.2 37
Inch mm

1/4 6.4 100 11.3 6 8.7 77
- . - - 7 15.0 133
5/16 7.9 200 22.6 8 235 208
- - - = 9 33.6 297
3/8 9.5 350 39.6 10 45.2 400
7116 11.1 575 65.0 12 81.0 715
1/2 12.7 850 96.0 14 128.0 1130
9/16 14.3 1200 136.0 - - -
5/8 15.9 1600 181.0 16 185.0 1640

40 Accessibility for Servicing

40.1 All parts requiring adjustmgnt or manipulation by the user in the course of operation lof the burner
shall be accgssible and easily moved. Any part that may normally come in contact with the operator’s
hand during psage shallbe free from sharp edges or projections and from projecting sharg screw ends.

40.2 All burrfer partsy-controls, and safety devices requiring servicing shall be accessible. The disposition
of parts in the assembly removed for servicing shall be such that the restoration of such p4rts, following
removal, will jnet necessitate their realignment to secure their intended relationship with othgr parts of the
assembly. Special facilities that may be required for servicing to be performed by the operator shall be
shipped with each appliance.

40.3 A firing assembly, atomizer and nozzle assemblies, and the like that are intended to be removed and
replaced for servicing shall be constructed so that, upon replacement, the assembly will self-restore the
atomizer or nozzle to its correct position.
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41 Fan Housings and Air Tubes

41.1 A fan housing and an air tube shall be made of noncombustible material having the strength and
durability to not be damaged when subjected to the tests described in Sections 57 — 70.

41.2 A fan housing in which oil leaking from any oil-handling part of the assembly may accumulate shall
be provided with an open drain such as an inverted fan housing on a gun-type burner.

41.3 An air tube of a gun-type oil burner shall prevent the accumulation of oil within the air tube. Any
drippage from the nozzle shall drain to the fire box. A drain shall be located to avoid blockage by refractory

or cement.

41.4 The exferior portion of a firing head within 6 inches (152 mm), measured parallel to, |

firing end an
be made of i

41.5 An out
rigidity, dura
a thickness o
than 0.026 in

42 Combus

42.1 An air 4
a means for

42.2 The air
draft conditig
required for

order to com

42.3 An air 4

42.4 Sheetn
are less than
or reinforced

42.5 An air
corroding in
corrosion-res

§
!

on or steel. Interior parts shall be made of materials that comply with 37:2 —

f no less than 0.053 inch (1.35 mm) or Type 309 stainless stegel having a thickn
ch (0.66 mm).

ion Air Controls

hutter shall be capable of being adjusted to anyrintended setting and shall be
reducing the risk of an unintentional change in\the setting.

inlet shall be capable of supplying sufficient air for complete combustion under|
n and at the maximum rate of firing-When the burner is installed as intends
complete combustion shall be introduced to maintain thorough mixing of the f
blete the combustion within the combustion zone.

hutter shall provide a smoath surface between the shutter and the matching fa

netal air shutters shall be no less than 0.0254 inch (0.65 mm) thick. If sheet met
0.0508 inch (1.29.mm) thick, the outer edge of the shutters shall be turned &
in an equivalent manner.

shutter, bylits construction or assembly and selection of materials, shall resi
position. )Screws or bolts used for attaching or adjustment of an air shutte
stanttmaterial.

axis, of the

all parts that may be in contact with masonry when the burner is installedlas-iptended shall

.6.

r shell of a blast tube or firing head, if made of sheet metal, shall' provide [the strength,
ility, resistance to corrosion, and other physical properties equivalent to sheef steel having

ss of no less

provided with

the specified
d. All the air
el and air in

\ce.
Al air shutters

t right angles

st sticking or
r shall be of

42.6 An adjustabtepart-shattbeguidedtopreventmovementfrom-itsintendedpathduor
and the means for adjusting the part shall be accessible during servicing.

adjustment

42.7 A burner constructed to change the firing rate automatically shall automatically proportion the air
supply with the fuel, if necessary, to produce stable combustion at all firing rates allowed by the automatic
control.
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42.8 Linkage for operating air and fuel controls shall maintain the intended fuel-air ratio and shall resist
unintentional damage and disengagement.

43 Fuel Strainers

43.1 A waste oil burner shall be provided with a primary strainer assembly which complies with the
Standard for Strainers for Flammable Fluids and Anhydrous Ammonia, UL 331. The materials used in the
strainer assembly that are exposed to waste oil fuel shall be tested for resistance to gasoline as described
in 38.1.

43.2 A small orifice or other opening in an oil-supply system shall be protected by a strainer as specified
in 43.3 — 43.13.

43.3 The largest opening of the strainer element shall be of such size that its larger dimensjon will be no
greater than [P0 percent of the smaller dimension of the smallest fixed opening protected bly the screen.

43.4 For the| purpose of these requirements, a metering valve, a float valve,/@hd an autpmatic safety
valve shall bg considered as a fixed opening having a diameter of 1/32 inch"(0:8 mm) whep Nos. 1 and
2 oils are us¢d and 1/16 inch (1.6 mm) when Nos. 4, 5, and 6 oils are used,

43.5 If the strainer assembly is provided with a screen-type element, the effective area of thg screen (total
area of scregn openings) shall be no less than as indicated in Figufe 43.1, 43.2, or 43.3, as appropriate
for the grade| of fuel oil and the maximum firing rate.
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Figure 43.1
Strainer area for No. 1 fuel oil®
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@ As designated by the Specification for Fuel Oils, ANSI/ASTM D396
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Figure 43.2
Strainer area for No. 2 Fuel oil?
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Figure 43.3
Strainer area for Nos. 4, 5, 6 fuel oils?
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43.6 The eff
maximum val
strainer shall

43.7 A strain

by the Specification for Fuel Oils, ANSI/ASTM D396

bctive area of a screen (total area of scre€n openings) is not required to be gre
ue shown in Figures 43.1 — 43.3,-régardless of the burner firing rate, but in
not impair the flow of fuel supplied:to fire the burner at maximum rated input.

er provided with an element-other than a screen shall be suitably rated for the h

of fuel oil beipg handled and shall have arated capacity no less than the maximum firing rate

to which it is

43.8 When't
shall be of af
that required
or element in
the straining

attached.

vo strainers instdlled in series are provided instead of a single primary strainer,
proximately equivalent size and the screen area or rated capacity of each shal
for a singlesstrainer. The strainer downstream from the other shall be provided
which thelSize of the individual straining opening is no larger than 90 percent
opening-in the element of the other strainer.

ater than the
any case the

baviest grade
of the burner

each strainer
be 1.4 times
with a screen
of the size of

43.9 A secomndary strainer, one supplementary to the main strainer, smaller in area than spe

cified in 43.5

may be used

in the fuel line downstream from the primary strainer.

43.10 A strainer shall be attached to permit the removal and replacement of the straining element. The
force necessary to open a strainer shall not permanently distort the lines or assembly to which it is

attached.
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43.11 A strainer required for the protection of an automatic safety valve or a float valve shall be provided
as part of the assembly incorporating the valve.

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

43.13 A strainer shall be applied so that there will be no air trapped to affect the rate of fuel flow to the
burner or to reduce the effective area of the straining element.

44 Fittings,

Piping, and Tubing

441 An opening threaded for pipe connection shall be threaded in accordance with the Standard for Pipe

Threads (exd
44.2 An ope
Standard for
the Standard

44.3 A fittin

ept dryseal), ANSI B2.1 .
hing for field attachment to a pipe larger than a nominal 3 inch pipe sizey\as sg
for Cast Iron Pipe Flanges and Flanged Fittings, Class 25, 125, 250)'and 800,

j, other than one complying with the appropriate American, National Stan

openings thre¢aded for pipe connections shall be capable of withstanding, without damage o

torque as ind

44.4 A tool
section is prq
adjacent to w
The measurg
or into a pipé

icated in Table 44.1, exerted as if to screw the fitting onto) a pipe or into a pips

hat fits snugly about the fitting or to a section of ghe/shank shaped for a wrer
vided, is to be used to apply the torque. The torque is to be applied to the he
here it is attached to piping or, if no hex is previded in this position, to the body
d torque specified in Table 44.1 is to be applied to screw the fitting onto an ext

fitting of appropriate size. After the forcerhas been applied, the fitting shall n

ecified in the

Pipe Threads, ANSI B2.1, shall be provided with a flanged pipe connection complying with

ANSI B16.1.

dard, having
leakage, the
fitting.

ch, if such a
of the fitting
of the fitting.
a-heavy pipe
ot leak when

subjected to p hydrostatic pressure equivalent to 1-1/2 times the maximum working pressure.
Table 44.1
Torque requirements for pipe connections
Pipe size,|ANSI Outside diameter Torque
B36.1p

Nominal ifpches Inches (mm) Pound-inches N-m)
1/8 0.405 (10.29) 150 (17)
1/4 0.540 (13.72) 250 (28)
3/8 0.675 (17.15) 450 (51)
1/2 0.840 (21.34) 800 (90)
3/4 1.050 (26.67) 1000 113)
1 1.315 (33.40) 1200 137)
1-1/4 1.660 (42.16) 1450 (164)
1-1/2 1.900 (48.26) 1550 (175)
2 2.375 (60.33) 1650 (186)
2-1/2 2.875 (73.03) 1750 (198)
3 3.500 (88.90) 1800 (203)
4 4.500 (114.30) 1900 (215)

44.5 Pipe and pipe fittings shall be wrought iron or steel or iron-pipe-size brass or copper complying with
the applicable American National Standard. Unions, where used, shall be the ground-joint type or the
equivalent.
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44.6 Tubing shall be located to reduce the risk of being physically damaged, such as by following the
contour of the burner assembly.

44.7 Seamless drawn aluminum or copper tubing and steel tubing of the seamless, brazed, or welded
type used in the fabrication of factory-assembled equipment shall have a wall thickness of no less than
that specified in Table 44.2.

44.8 Aluminum tubing shall not be exposed to condensation or to temperatures exceeding 700°F (371°C)
and shall not be acceptable for use where it passes through insulating material of other than a neutral
reaction unless the tubing is protected from the insulation.

449 Steel tubing having a wall thickness of 0.053 inch (1.35 mm) or less shall be constructed of
corrosion-registant material such as stainless steel or shall be plated, dipped, coated, or othgrwise treated
to resist extefnal corrosion.

44.10 Cadmfum plating shall have a thickness of no less than 0.0003 inch (0.008,mm) ang zinc plating
shall have a fhickness of no less than 0.0005 inch (0.013 mm).

Exception: The thickness of the cadmium or zinc plating shall be no less-than 0.00015 inch|(0.0038 mm)
on parts whdre threads constitute the major portion of the area.

Table 44.2
Wall thickness for aluminum, copper;)and steel tubing

Minimum wall thickness, Inch (mm)?
Outside diameter,
Inches (mm) Aluminum.and copper Steel

1/8 (3.18) 0.029 (0.74) 0.028 (0.71)
3/16 (4.76) 0.029 (0.74) 0.028 (0.71)
1/4 (6.35) 0.029 (0.74) 0.028 (0.71)
5/16 (7.94) 0.029 (0.74) 0.028 (0.71)
3/8 (9.53) 0.032 (0.81) 0.028 (0.71)
7/16 (11.11) 0.032 (0.81) 0.028 (0.71)
1/2 (12.70) 0.035 (0.89) 0.028 (0.71)

9/16 (14.29) 0.038 (0.97) - -
5/8 (15:88) 0.038 (0.97) 0.035 (0.89)
3/4 (19.05) 0.045 (1.14) 0.035 (0.89)
7/8 (22.23) 0.045 (1.14) 0.049 (1.24)
1 (25.40) 0.049 (1.24) 0.049 (1.24)
1-1/8 (28.58) 0.049 (1.24) 0.049 (1.24)
1-1/4 (S+75) 9-655 40y 0-049 (1.24)

1-3/8 (34.93) 0.055 (1.40) - -
1-1/2 (38.10) - - 0.065 (1.65)

@ Nominal wall thickness of tubing shall be greater than the thickness indicated to maintain the minimum wall thickness.

4411 Flexible-metallic hose shall not be used as a substitute for rigid piping or tubing as ordinarily used.
The use of flexible-metallic hose shall be restricted to applications in which rigid piping or tubing is
impractical and in which flexible connections cannot be avoided. Flexible-metallic hose shall not be
subjected to torsional, tensile, or bending stresses or to abrasion and shall not be used in conjunction with
safety devices or where bending is caused by automatic operation.
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44 .12 A fuel line shall terminate in a manner that will permit connection to the burner. A fuel-line opening
shall be plugged or capped to prevent the entrance of foreign material prior to installation.

44.13 A coupling or union that is disconnected for service shall be located so that any oil dripping from
the connection will not drip or run onto electrical parts.

45 Valves

45.1 The pressure rating of a valve shall be no less than the maximum operating pressure of the burner.

45.2 An automatic safety valve shall shut off in no more than 5 seconds after being de-energized and
shall be constructed so that it may not be restrained or blocked in the open position.

45.3 A safet
or reset hang

45.4 An eled

45.5 A safet
shall close u

45.6 A many
installer or m
which can b
discourage ta

45.7 A plug
the exterior d

45.8 A pet-c
used.

45.9 A pres
discourage ta

maximum prégssure of oil at the~maximum valve setting does not exceed the intended maxi

for the burne|

45.10 A noz
pressure of t

45.11 A preg

valve shall close upon being de-energized, regardless of the position of &n 'oj
le.

trically-operated safety valve shall not depend on electricity to shut©ff the oil f

valve responding to pressure variations in a hydraulic or pneumatic remote c
bon failure of pressure in the control system.

ally-operated fuel-metering valve shall be provided with a means, which may
anufacturer, to restrict the maximum amount of foel/delivered to the burner f
consumed as intended, or the means for adjustment shall be enclosed 0
impering after adjustment has been made byithe installer.

a)

-

br rotating-disc type valve, using the bearing surface of the plug or disc as the
f the valve body, shall not be used in:a*fuel oil line.

bck or valve which, when open, will permit the discharge of fuel oil into the roor
bure-regulating valve shall 'incorporate a means of shielding or locking the §
mpering by unauthorized persons after being set. The valve shall be construc
.

rle shutoff'valve of the automatic type shall close at a pressure above the minim
ne burner)

sure-felief device shall be connected into a fuel line in which pressure may build

7

berating lever

Oow.

bntrol system

be set by the
0 an amount
r shielded to

liquid seal to

h shall not be

(djustment to
d so that the
um pressure

um atomizing

up in excess

of that neces

odl'y JI!UI IIUIIIId.i UpUIdtiUll, fUI UKdIIIIJiU, UIUU tU ﬁ IS biUbillg Uf alty VdiVU ill ﬁIU adS

sembly of the

burner or when the oil is heated by a preheater. A pressure relief valve shall be set to initiate its function
at a pressure no greater than the design pressure of any part of the oil heating system.
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46 Gauges

46.1 A glass gauge or sight feed, the breakage of which will allow the discharge of fuel oil from the fuel
supply system, shall not be used.

46.2 A pressure gauge, when used, shall have a scale range of at least 1-1/2 times the maximum
intended operating pressure of the burner and greater than the maximum operating pressure as well as
the pressure obtained at the maximum setting of any relief or pressure-regulating valve included as part

of the burner

equipment.

47 Ignition Systems

471 The idg
simultaneou
trial-for-ignitig
remain off fo
unintentional

47.2 An igni
intended pos

47.3 The msg
the dislocatid

47.4 The co

replaced in the burner assembly during servicing of the burner without resulting in:

a) R
met

b) Changes in the air-gap at electrode tips;

c) Re

d) Changes in the position of the igniter or pilot relative to the area at which ignitior

initia

nition system of an automatically-lighted burner shall be activated on
Ely with the delivery of fuel to the ignition zone and shall remain aetiv

the duration of that firing cycle unless the ignition is fully restored within 0.8
extinguishment of the main burner flame.

er, pilot, and pilot supervisor shall be constructed and supporied so that each
tion.

ans for ignition shall be located so as to avoid the colléction of carbon and oth
n, distortion, or burning of parts when the burner.s tested in accordance with

nstruction of an oil burner shall be such that theligniter assembly may be remo

duction of the clearances between bare current-carrying parts, electrodes, and
parts;

duction of the spacings\béetween the high-potential cables and grounded meta|

ed.

n period. If ignition is cut off at the termination of the trial-for-ignition period) the

ly before or
e during the
ignition shall
beconds after

is fixed in its
er material or
17.1.

ved from and

| grounded

parts; and

is to be
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48 Electric High-Tension Ignition

48.1 Assem

bly

48.1.1 A high-tension current-carrying part, such as a bus bar, electrode, or terminal, shall be enclosed
or insulated to provide protection against the risk of unintentional contact.

48.1.2 The ignition system shall be subjected to the test specified in 68.2.1 and 68.2.2.

48.1.3 If an adjustable air deflector or similar part is used in the vicinity of high-tension parts, the
construction shall be such that the deflector cannot be located in a position that may cause the deflector
to not comply with the requirement specified in 68.2.1.

48.2 EIectchde and bus bars

48.2.1 Bare

48.2.2 An el
intended pos

48.2.3 The yse of a setscrew bearing directly against an insulator Ghall not be used as

securing an i

tightening the securing means.

48.2.4 An el
in any chang

48.2.5 An el

so that burni
with these re|

48.2.6 An el
equivalent to

48.3 Insulat

48.3.1 Anin
and moistureg

48.3.2 Anin

high-tension conductors shall be self-supporting when in place.

bctrode or a bus bar supporting an electrode shall be constructéd, so that, whil
tion, the electrode or bus bar will maintain the intended gap.

pnition assembly. The construction shall be such thatan insulator cannot be da
pctrode shall be prevented from rotating withinits insulator unless such rotation
E in spacing or alignment.

bctrode tip shall be of a material such-as high-temperature alloy steel or equiv
g of the point of the tip will not he\evident while the burner is being tested i

quirements.

ectrode slanting downward\toward its insulator shall be provided with a drif
prevent oil running down _the electrode from reaching the insulator.

prs

bulator shall be made of ceramic insulating material or the equivalent that is imy
and cleanable by wiping.

sulatorshall be subjected to the test specified in 68.3.1 and 68.3.2.

e fixed in the

a means for
maged when

will not result

hlent material
h accordance

loop or the

ervious to oil

48.3.3 An in

} i) L - | (H (] L -, £ ) - 1
sutator—shatt PIUVIUC d Ulbtdllbb', asmeasured—acrossthe—surfaceof the—msut

tor, between

the nearest point of bare current-carrying parts and the nearest grounded metal surface as indicated in
Table 48.1.

Exception: An insulator included in a proved gas pilot assembly to be energized by a transformer having
a secondary voltage of no more than 6,000 volts need not comply with this requirement if ignition is to be
for combustible air-gas mixtures only within or adjacent to a pilot tip or nozzle handling mixtures under
pressures of no less than a 1/4 inch water column (62.3 Pa).
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Table 48.1
Spacing over surface of insulators

Secondary voltage of ignition Minimum surface distance over insulation
transformer, volts Inches (mm)
No more than 10,000 1-1/2 (38.1)
No more than 15,000 2 (50.8)

NOTE - Except as indicated in the exception of 48.3.3, an insulator included in the assembly of a spark-ignited gas pilot
shall have an over surface spacing of no less than 1 inch (25.4 mm) if the secondary voltage of the ignition transformer is
6000 volts or less.

48.3.4 An insulator shall be located so that no detrimental accumulations of carbon will form on its

surfaces wh
48.4 Leads

48.4.1 Ignitig
the ignition t
connector to
individually in]

of no less than 1/4 inch (6.4 mm) through air from grounded metal parts.

48.4.2 Insuld
thickness of
equivalent to

48.5 Transformers

48.1.5 A trapsformer shall be mounted as cloself-as possible to the spark gap to avoid lon

location of th
the burner is

Exception:
within 1 inch

48.5.2 A spdg
insulator and

48.5.3 The 1
essentially si
be considerg

ntne purner Is tested In accoraance witn these requirerments.

ansformer. Each end of a high-tension lead shall be provided with a fixed lo
facilitate proper connection to the terminal. A high-tension Jead or cable
a manner to avoid sharp bends and shall be arranged and\supported to maint

tors for the support of ignition cable made of porcelain or molded phenolic
/8 and 1/16 inch (3.2 and 1.6 mm), respectively,sare considered to have insulat
that provided by a 1/4-inch (6.4-mm) air spacing.

b transformer shall be such that jtwill not be placed within 1 inch (25.4 mm) of t
installed in accordance with_thé-manufacturer’s installation instructions.

\ transformer need not be jocated more than 1 inch above the floor if that portid
of the floor is waterproof.

cing of no less/than 1/8 inch (3.2 mm) shall be provided between a transforme
any adjacent metal part other than the transformer case.

pquiremients specified in 48.1.1 — 48.5.2 are based upon the use of ignition 4
husoidal. Other types of systems using ignition energy that is not essentially si
d.“Among the factors taken into consideration in determining the accepta

n cable shall have a voltage rating greater than or equal to the rated secondary voltage of

bp, eyelet, or
shall be run
hin a spacing

having a wall

ng properties

g leads. The

he floor when

n of the case

high-tension

nergy that is
nusoidal may
ility of such

systems are
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cycles.
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49 Gas Pilots

49.1 A pilot burner shall be located so that fuel oil will not accumulate on or in the burner while firing or
when the burner fails to ignite.

49.2 A pilot burner on a waste oil burner shall be a type intended for such use and shall be automatically
lighted.

49.3 A pilot burner, an electric igniter, and pilot supervision means shall be supported in a manner such
that their position relative to each other and to the flame of the main burner or burners will remain fixed.

50 Control Applications

50.1 A safety-control circuit shall:

a) B¢ two-wire;

b) Have one side grounded; and

¢) Hqve a nominal voltage of 120 volts.
A safety confrol or protective device shall interrupt the ungrounded<conductor.
50.2 The coptrol circuit shall be constructed so that a safety control or protective devige cannot be
rendered ineffective by a short-circuit to ground. Safety-control circuit constructions other thanh as specified
in 50.1 shall provide equivalent protection.
50.3 The requirement specified in 50.1 does not apply:

a) TQ a supervised circuit within a safety control; or

b) Tq the extension of such a cifcuit to a separate element of the control, such as a flame-
sens|ng device.

50.4 A contrpl circuit shall be genstructed so that when the burner is connected to a power-qupply branch
circuit, the cgntrol circuit will"be’protected against overcurrent at no more than the value appropriate for
the rating of any control.included in the circuit in accordance with the National Elegtrical Code,
ANSI/NFPA Y0.

50.5 All safety controls shall be accessible.

50.6 A safetycontrotand-its—sensingetement-stat-be—supported—toremaimimthe—mtended position. It
shall be possible to determine by observation or test whether or not each control is in its intended location.

50.7 No means shall be provided to enable any safety control to be rendered ineffective or to enable firing
of the burner without the protection of each of the required safety controls.
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50.8 A burner not provided with automatic restarting means shall be constructed to require manual restart
following the functioning of a control that causes the fuel supply to be shut off and following restoration of

an interrupted power supply.

50.9 A burner circuit shall be constructed to prevent feedback by a motor, capacitor, or similar device

from energizing a fuel valve or ignition device after a control functions to shut off the burner.

51 Primary Safety Controls

51.1 A burner shall be provided with a primary safety control that provides the nominal safety timings

indicated in Table 51.1.
Table 51.1
Safety control timing

Maximumn main flame Ignition Nominal maximum timings-in seconds?
hourly inpuf gallons (gph)®

urly fnpul 9 (aph) Main-flame establishing | ‘Flame-failure r¢action time®

period®¢

3 (1.4 liters/hfs) Unproved igniter or pilot 45 45
(approximately 400,000 Btu
(421,600 kj) qr less
7 (26.6 liters/pr) Unproved igniter or pilot 30 30
(approximately 1,000,000
Btu) (1,106,000 kJ) or less
20 (76 liters/Hr) Unproved igniter or pilot 15 3f
(approximately 3,000,000
Btu) (3,160,000 kJ) or less

2 The noming
70°F (21.1°C
b Correspond

to be the ma

required for g
provided the
€ The flame-f
interval betwd
having an ho
device first dd
f A flame-faill
the ignition s

¢ The maximym input for determining the main-flame“establishing period for a burner not equipped as indicated

d The maxim{fim input for determining the niain*flame establishing period and for determining if a proved pilot of

| time is the intended duration of the period determined at rated voltage of the control in a room tqg
. Allowable factory tolerance may be additionat.
ng to the gph input when the burner is fired with the standard grade of fuel oil for which the burne

imum input of the burner.

burner equipped to start on low fire only is to be the input to the largest fire that can be initially ig
nput to that fire cannoteincreased until ignition of the low fire is established and proved.
hilure reaction timing (s to' be based on the burner's maximum input. The flame-failure reaction tim|
en the occurrence, of)flame extinguishment and the time the safety shutoff device is de-energized
irly input of 3 gph, (400,000 Btu) or less, the timing may be the interval measured from the time th
tects loss of flame to the time the safety shutoff device is de-energized.
re reactign time may be more than 3 seconds, but no more than 15 seconds, if intermittent ignitio
stem is-fe-energized in no more than 0.8 seconds after flame extinguishment occurs.

mperature of

ris rated.
in item d is
igniter is

nited,

E is the
For burners
e sensing

h is used of if
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52 Oil Atomization Control
52.1 A burner:

a) That uses a medium such as air or steam for atomizing the fuel oil; and

b) In which the atomizing medium is obtained from a source separate from the assembly shall
be provided with interlock means to shut off the delivery of fuel to the firing portion of the burner

if the atomizing medium is not provided.

53 Interlocks

53.1 A contiol device provided as an interlock In the burner fuel supply-combustion air
supply-atomiging air system, or for a similar purpose shall comply with the requirements, sp
Standard for [Limit Controls, UL 353.

54 Oil Heating Equipment

54.1 For a bprner provided with integral means for preheating the fuel oil;.the oil heating eq
comply with {he requirements specified in the Standard for Electric OilHeaters, UL 574.

54.2 A burner provided with preheating means for the fuel oil may-be provided with an interl
prevent deliviery of the oil to the firing portion of the burner until’the oil has reached a p
minimum temperature. The location where the oil tempetature is monitored shall be

preheater anf the firing portion of the burner.

543 Onab
as mentioned in 54.2 shall either:
a) Not be provided on the burner; or

b) If provided, be bypassed during any firing tests of the burner.

55 Air Atomjizing Equipment
55.1 Forahb
shall comply
Appliances, |

urner provided with integral means for pumping air for atomizing the fuel oil,
with the petformance requirements specified in the Standard for Pumps fg
UL 343.

system, fuel
ecified in the

uipment shall

ock device to
redetermined
between the

irner that is not equipped with oil preheating equipment, an oil temperature interlock device

the air pump
r Oil-Burning
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56 Combination Gas-Oil Burners

56.1 A combination burner intended to burn only one fuel at a time shall be constructed so that the fuel
not being fired will be shut off automatically when the burner for that fuel is not in firing position or is not
intended to be fired.

56.2 A combination burner intended to burn only one fuel at a time and equipped to change automatically
from one fuel to another, shall be constructed so that the fuel being fired is shut off before the other fuel
is delivered to the ignition zone. The ignition system for the fuel to be fired shall provide a predetermined
trial-for-ignition period and shall be activated simultaneously with or before the initial delivery of the fuel to
the ignition zone.

56.3 A burngr intended to burn both gas and olil simultaneously shall be constructed so that fhe maximum
operating input cannot exceed the maximum capacity of the burner as fired.

56.4 An autdgmatically or remotely lighted combination burner shall be constructedso that ng gas can flow
to the main Hurner or burner group operating as a unit unless satisfactory ignitiorof the majn gas burner
is ensured (groved pilot).

PERFORMANCE
57 General

57.1 The pefformance of a waste oil burner is to be judged 0n the basis of operation tests ¢onducted on
the burner uging each type of fuel recommended for use bythe manufacturer of the burner. Each size and
type of burngr, or a sufficient number of sizes and typesito be representative of the entire range of sizes
and types sybmitted, are to be subjected to all or part of the tests described in Sectiong 58 — 70, as
applicable.

57.2 The bufner, when tested as described.in~Sections 58 — 70, shall be uniform and reliabl¢ in operation
and free from carbonization or other conditions that may adversely affect the intended opegration of the
burner. See $8.1.2.

57.3 Burnerg provided, or intended to be provided in the field, with preheaters to heat the fuel oil before
it is delivered for combustion arewnot required to burn cold oil. Such burners shall be constructed so that
no oil can be|delivered to the burner for combustion until it has been heated to the intended|temperature.



https://ulnorm.com/api/?name=UL 296A 2018.pdf

AUGUST 2, 2018 WASTE OIL-BURNING AIR-HEATING APPLIANCES - UL 296A 95

58 Combustion Tests

58.1 Mechanical-atomizing burners general

58.1.1 Combustion shall be stable and complete at all firing rates over the operating range of the burner
without generating smoke and without causing the formation of carbonization in excess of the limits

specified in 58.1.2.

58.1.2 The performance of a burner during the extended operation test described in 58.2.1 — 58.2.11 is
considered to comply with 58.1.1 if:

a) Automatic ignition is obtained on each cycle within the intended period of time;

b) Igpition is obtained at each cycle without backfire, flash, or ”puff”;

c) Sthble combustion is obtained at all operating firing rates and burner flames do njot flash
outsifle the heating appliance being fired;

d) The observed smoke density at all firing rates during the tests.described does n¢t exceed
that indicated by a number 4 spot for burners firing any type of waste oil fuel, a number 2 spot
for burners firing a distillate-type standard grade fuel oil and @& number 4 spot for byrners firing a
residual-type standard grade fuel oil on the Shell-Bacharach scale with the Model RDC
smoKemeter;

e) Combustion at all firing rates is complete and uniform during the test;

f) No| excess soot is deposited on surfaces of‘the heat exchanger, flue passages, of the flue
pipe lof the heating appliance. Any tar or fle€culent soot accumulation is considered| excessive;

g) Surfaces of the fire box, hearth, nozzles, electrodes, and igniters and their insulgtors are free
from|the formation of carbon, soat; and tar; and

h) A pilot does not deposit carbon when adjusted according to the manufacturer’s instructions.
58.2 Extended operation

58.2.1 The test burner is to.be installed as specified in the instructions furnished by the mgnufacturer of
the burner.

58.2.2 All hgating~surfaces of the burner in contact with combustion products and the flug pipe of the
appliance aref to\be thoroughly cleaned before the combustion test is begun.

58.2.3 The burner is to be fired with the different types of waste oil fuel the appliance is rated for use with
that are likely to produce the most severe conditions with regard to sooting and deterioration of the
combustion chamber and heat exchanger surfaces exposed to products of combustion. The firing rate
shall be within the firing rate range of the burner.
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58.2.4 The burner air-fuel ratio is to be adjusted in accordance with the instructions provided by the
manufacturer. The draft over fire is to be the minimum value recommended in the instructions and the
supply voltage is to be adjusted to the normal test voltage specified in Table 24.1.

58.2.5 The burner is to be fired until steady-state combustion conditions exist. Observations are to be
made for each operating fire. For a modulating burner, these observations are to be made at minimum,
intermediate, and maximum operating fires. The observed smoke density is to be no more than that
specified in 58.1.2(d).

58.2.6 An automatically-lighted burner of the “on” and “off” type is to be fired intermittently, 10 minutes
on and 10 minutes off.

58.2.7 An ajtomatically-lighted modulating-burner 1s to be fired In successive cycles| each cycle
consisting of [10 minutes on high fire, 10 minutes on intermediate fire, 10 minutes on minimuin fire, and 10
minutes off.

58.2.8 During the test period, daily observations and recordings are to be made of the draft on each
operating fird, ignition, and combustion characteristic, combustion chamber conditions, and §ny abnormal
performance

58.2.9 The fliel-burning rate, draft over fire, smoke, and carbon dioxide*(CO?) on each opetating fire are
to be observégd and recorded at the beginning of the test, following.€ach 50 hours of operatigpn, and at the
end of the tept.

58.2.10 The|duration of these tests is to be that required<to"obtain conclusive performance data and is
anticipated tq be until 250 hours of “on” operation have Geen completed.

58.2.11 A sypplemental operation test shall be conducted on a burner intended for use with|the standard
grade of fuelloil marked on the appliance. The duration of this test may be for less than 250 jhours of “on”
operation.

58.2.12 At the conclusion of the operation'test, the combustion chamber of the appliance and the fire box
lining materigl shall not show evidence jof deterioration that would cause a risk of fire or asphyxiation due
to the escap¢ of products of combustion (such as gases) during further use of the appliance.
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59 Combustion Air Failure Test

59.1 A mechanical draft burner shall operate as specified in 59.3 or 59.4 during interruption and upon
restoration of the combustion-air supply.

59.2 The initial conditions for the test are to be as for the combustion tests described in Section 58,
Combustion Tests — Mechanical-Atomizing Burners. While the burner is being fired at any operating fire,
the fan supplying air for combustion is to be stopped, such as by disconnecting the fan motor only from
the electrical circuit, by disconnecting any flexible coupling, or by removing any belt needed to drive the
fan. Fuel to the main burner is to be shut off as specified in 59.3 or combustion, if continued, is to be as
specified in 59.4.

59.3 If the n;laln burner flame Is extinguished following interruption of the air supply, the fuel is to be shut
off by the inherent design of the burner or by action of a safety control within the safety“¢ontrol timing
period specifled in Table 51.1. The burner is to require manual restart to fire the burner upgn restoration
of the air supply or an automatically-lighted burner may restart automatically upon.réstorafion of the air
supply if the jntended automatic reignition is obtained.

59.4 If comRustion is continued following interruption of the air supply,.the burner is to hye allowed to
function as it|will for at least 48 hours. At the end of that period, the combustion air supply is fo be restored
and the burngr is to be reignited if the flame has been extinguished. The performance of the burner is to
be such that;

a) Durring that portion of the test period beginning 3-hours immediately following intgrruption of
the gir supply, the combustion, if maintained, is to“be such that the burner flame ddes not
prodiyice smoke in excess of that specified in 58.2(d);

b) Flames are not expelled at any time fromi'the burner or the heating appliance;

¢) Cambustion is complete and stableyat all times during the test;

d) The reignition of the main butner flame is effected completely and without backfite, flash, or
“pufff; and

e) Sqgot does not accumulate in the appliance or in the flue pipe to the extent that stable
combustion cannot be obtained.
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60 Interruption of Atomization Test

60.1 A burner using air, steam, or a mechanical device for atomizing fuel shall be constructed to shut off
the delivery of fuel for combustion upon interruption of the atomizing means or stopping operation of the
mechanical device.

60.2 The initial conditions for the test are to be as described in the combustion tests described in Section
58, Combustion Tests — Mechanical-Atomizing Burners. While the burner is being fired at any operating
fire, the atomizing means or operation of the mechanical device is to be interrupted, such as by
disconnecting from the electrical circuit only the motor driving a device providing the atomizing means, by
disconnecting any flexible coupling or removing any belt needed to drive such device, or by stopping the
flow of the atomizing means provided by a source other than the burner. Fuel to the main burner flame is
to be shut offf by the inherent design of the burner or by action of a safety control within the kafety control
timing period specified in Table 51.1. The burner is to require manual restart upon_restgration of the
atomizing mpans or an automatic restart upon restoration of the atomizing means if the intended
automatic reignition is obtained.

61 Undervo|tage Operation Test

61.1 A burnér shall operate as specified in 61.2 when tested at an undervoltage as specjfied in Table
24.1.

61.2 The inifjal conditions for test are to be as described in the'combustion tests described [in Section 58
Combustion [Tests — Mechanical-Atomizing Burners, exceptithat the test voltage shall be| regulated to
maintain the|appropriate undervoltage specified in Table%24.1. The test may be conducted during the
course of the combustion tests described in Section. 68, Combustion Tests — Mechanigal-Atomizing
Burners. Thel performance of the burner at each test oltage shall be such that:
a) Ignition of the main burner flame is effected without backfire, flash, or “puff”;
b) Flames are not expelled from the burner or the heating appliance being fired for [the test;

¢) Cambustion is complete and stable at all times during the test;

d) Flames at all allowable*firing rates do not produce smoke in excess of that specified in
58.12(d); and

e) The burnerds.capable of operation without interruption.
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62 Power Interruption Test

62.1 A burner shall operate in accordance with the requirements specified in 62.3 or 62.4 during
interruption and upon restoration of the power supply.

62.2 The initial conditions for test are to be as described in the combustion tests described in Section 58,
Combustion Tests — Mechanical-Atomizing Burners. While the burner is being fired at any operating fire,
the power supply is to be interrupted. The power is then to be restored after being interrupted for any
period of time. Fuel to the main burner is to be shut off immediately as specified in 62.3, or combustion,
if continued, is to be as specified in 62.4.

62.3 If the main burner flame is extinguished immediately following interruption of the power supply, the
oil shall be afitomatically shut off by the inherent design of the burner or by action of a satety control. The
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63 Continuous Operation Temperature Test

63.1 The maximum temperature rise attained by burner parts shall be no more than the temperature rise
indicated for such parts in Column 1 of Table 26.1, while the burner is fired continuously at any rate of
firing specified for the test described in Section 58 Combustion Tests — Mechanical-Atomizing Burners, or
during the period immediately following termination of such firing. Also, the maximum temperature on any
handle that the operator may need to touch to regulate or shut off the burner shall exceed room
temperature by no more than 60°F (33°C) for metallic parts and by no more than 80°F (44°C) for
nonmetallic parts.

63.2 The burner, as constructed and installed for the test described in Section 58 Combustion Tests —
Mechanical-Atomizing Burners, is to be fired at any test rate specified until thermal equilibrium is attained.
Room tempefature Is to be measured at a shielded thermocouple located directly opposite gnd 18 inches
(457 mm) in [front of the center of the burner assembly. Temperatures are to be observed’and recorded
while the bumer is firing and after the firing is discontinued.

64 Ignition Tests, Multiple Igniters

64.1 A burngr provided with multiple igniters, each of which is capable of functioning indepe
others, shall|be constructed so that when the burner is tested in accordance with the
specified in $ections 65 — 68, any one igniter will cause ignition while(the other burners are

ndently of the
requirements
inactive.

65 Ignition Tests, Electric High-Tension

65.1 Reducg¢d voltage — cold oil
65.1.1 A high-tension ignition system for an automatically- or remotely-lighted burner shall cause the
intended ignition of the fuel as introduced into the_ignition zone when:

a) A oltage equivalent to 70 percentof normal test voltage is impressed on the primary circuit

of the ignition system;

b) The combustion air supply.and burner are at room temperature; and

c) THe temperature ofthe*oil supplied to the burner is reduced to the value specified in 65.1.2.
65.1.2 The burner, constructed and installed as for the combustion tests described in| Section 58,
Combustion [Tests — Mechanical-Atomizing Burners, is to be tested after it has been suljjected to the

combustion f{

sts and ihe test voltages are to be as indicated in 65.1.4. If an oil-temperatu

re-regulating

control is projidedsfor a burner intended to burn preheated oil, it is to be set for the minimum temperature
recommendegd. in, the manufacturer’s instructions for the type or grade of fuel oil being used for the test.
The spark g j i rer, but a gap

is to be no less than 1/8 inch (3.2 mm), if the burner is to use an “interchangeable” transformer.

65.1.3 The temperature of the oil as supplied to any parts of the burner, except those located downstream
from a preheater, is to be 35 £5°F (1.7 +£3°C). If the burner is equipped with a preheater, the temperature
of the oil at the inlet to the preheater is to be no less than 20°F (11°C) above the pour point of the test
fuel. If an oil temperature interlock is provided as specified in 53.1, it shall be set at the minimum
temperature recommended for delivery of oil to the firing portion of the burner.
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65.1.4 The voltage of the power supply to the ignition system is to be regulated to 70 percent of normal
test voltage and the voltage of the power supply to the primary safety control is to be regulated to 85
percent of normal test voltage for alternating current and 80 percent of normal test voltage for direct
current.

Exception No. 1: If the burner is provided with a primary safety control that can be connected only for
interrupted ignition, the voltage of the power supply to both the ignition system and primary safety control
shall be regulated to the minimum voltage necessary to initiate a trial-for-ignition.

Exception No. 2: If the burner is provided with a primary safety control that includes an integral ignition
system, the voltage of the power supply shall be regulated to the minimum voltage necessary for the

control to operate, but no less than 70 percent of the normal test voltage.

65.1.5 The tLurner and ignition circuits are to be energized and allowed to remain_éner

trial-for-ignitig
transformer,
additional trig

65.1.6 Durin
heating appli

65.1.7 Folloy
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of flame.

65.2.2 The't
Before a test
the approprig
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) each trial, ignition is to be effected so that no flame is expelled from the
Ance being fired for the test.

ving the last trial for ignition, the burner is to be fired at the high-fire rate fqg
hg which stable combustion is to be maintained.

stion detectors
ombustion detector of a primary safety ¢ontrol that is capable of detecting thd

shall be positioned so that the combustion detector senses only the presenc

bst is to be conducted in conjunction with the combustion test described in 58.3
is begun, a minimum pilot.¢ondition shall be established with the safety contro
te overvoltage as specified in Table 24.1. The minimum signal strength, curre

capable of p

rmitting the flame relay to remain energized shall be recorded. The fuel suppl

gized for the
rchangeable”
rer and five

burner or the

r at least 15

presence of
e or absence

.1 -58.2.11.
| operating at
nt or voltage,
y to the pilot,

if provided, ig then to be shut off.and the voltage reduced to normal test voltage. Five trials are to be made

to determine|that ignition spark, or a reflection of the spark from any part of the burner
cannot be detected by therxcombustion detector at a value greater than 50 percent of the re
strength capdble of pulling in and holding in the flame relay.

or appliance,
corded signal
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66 Ignition Tests, Gas Pilot
66.1 Reduced voltage

66.1.1 A pilot flame for an automatically- or remotely-lighted burner shall effect ignition of the fuel as
introduced into the ignition zone as specified in 66.1.4 when the voltage of the power supply to the burner
is 85 percent of rated voltage for alternating current and 80 percent of rated voltage for direct current and
the temperature of the oil supplied to the burner is reduced to the value specified in 66.1.2.

66.1.2 The burner, constructed and installed as for the combustion tests described in Section 58
Combustion Tests — Mechanical-Atomizing Burners, is to be tested after it has been subjected to the
combustion test. The oil-temperature control for a burner intended to burn preheated oil is to be set for

the minimum
supplied to a
(1.7 £3°C). |
preheater is

66.1.3 The
voltage for a

66.1.4 The L

temperature recommended In the manufacturer's instructions. The temperat
Ny parts of the burner, except those located downstream from the preheatefjis
a burner is provided with an oil preheater, the temperature of the eil~\at th
0 be at room temperature.

oltage of the power supply to the burner is to be regulated t6)85 percent o
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f normal test

al-for-ignition

period. Five frials are to be made. During each trial, ignition shall.be effected so that no flane is expelled
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66.1.5 Folloy
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66.2 Pilot slipervision
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66.3 Flame failure response

66.3.1 A burner using steam for an atomizing means shall not provide a false indication of pilot or main
flame due to the atomizing means.

66.3.2 The test is to be conducted in conjunction with the combustion tests described in Section 58
Combustion Tests — Mechanical-Atomizing Burners. Before the test is begun, the fuel supply to the pilot
is to be regulated to provide the minimum pilot flame required to actuate the primary safety control. During
the initial start up, the main manual fuel shutoff valve is to be closed and after the pilot flame is supervised,
the pilot fuel supply is to be shut off by the manual valve. The primary safety control shall actuate to

de-energize the pilot safety valve.

66.3.3 As a
safety valve,
time the fuel
shall actuate

66.4 Stability
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67.3 The voltage of the power supply to the burner is to be regulated to 110 percent of normal test
voltage. The gas supply to the ignition system is to be shut off. The burner is to be energized and allowed
to remain energized for the intended trial-for-ignition period. Five trials are to be made and there is to be
no ignition of oil.
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68 Ignition Tests, Gas-Electric High-Tension System
68.1 Reduced voltage — cold oil

68.1.1 A gas-electric high-tension ignition system for an automatically- or remotely-lighted burner shall
ignite the pilot immediately upon admission of pilot gas with a voltage equivalent to 70 percent of normal
test voltage in the primary circuit of the ignition system. The pilot shall effect ignition of the oil fuel as
introduced into the ignition zone when the combustion air is supplied at room temperature and the
temperature of the oil supplied to the burner is reduced to the value specified in 68.1.2.

68.1.2 The burner, constructed and installed as for the combustion tests described in Section 58,
Combustion Tests — Mechanical-Atomizing Burners, is to be tested after it has been subjected to the
combustion test, except that the test voltage Is to be as indicated in 68.1.3. The oﬂ-tempil;ature control
for a burner intended to burn preheated oil is to be set for the minimum temperature recommended in the
manufacturer's instructions for the grade of fuel oil being used for the test. The sparky'gap dr gaps are to
be adjusted tp the maximum recommended by the manufacturer, but a gap is to be-no‘less than 1/16 inch
(1.6 mm). The temperature of the oil as supplied to any parts of the burpef)‘except those located
downstream from a preheater, is to be 35 +5°F (1.7 £3°C). If a burner is prévided with an pil preheater,
the temperatlire of the oil at the inlet to the preheater is to be no less than 20°F (11°C) ahove the pour
point of the test fuel.

68.1.3 The \oltage of the power supply to the ignition system is-t¢ be regulated to 70 pefcent of rated
voltage, and the voltage of the power supply to the safety control eircuits is to be regulated fo 85 percent
of normal tegt voltage for alternating current and 80 percent-of rated voltage for direct currgnt.

68.2 Dielectric voltage-withstand — burner

68.2.1 The [gnition system shall be capable of:withstanding for 1 minute, without brgakdown, the
application of a 60 hertz potential of:

a) 150 percent of the maximum voltage to ground between high-tension live parts gnd
noncprrent-carrying parts; and

b) 150 percent of the maximum voltage between live parts of opposite polarity.
68.2.2 To dgtermine if an appliance complies with 68.2.1, the ignition transformer shall be disconnected.

An arc occufring during_the.test at a location adjacent to the electrode tips that will result in effective
ignition shall |not be cofisidered a failure.
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68.3 Dielectric voltage-withstand — electrode insulators

68.3.1 An insulator shall successfully withstand for 1 minute without breakdown, through the wall of the
insulator, a 60 hertz potential of three times the maximum open-circuit voltage to ground of the ignition
transformer provided with the oil burner.

68.3.2 The test to determine compliance with 68.3.1 shall be conducted immediately after the insulator
has been conditioned for 24 hours in air having a relative humidity of 85 +5 percent at a temperature of

90 +3°F (32 +2°C).

69 Ignition Test, Multiple-Atomizer Burner
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70 Abnormal Operation Test — Oil Heating

70.1 The test is to be conducted on a burner provided with an oil heating system that relies upon the
position of a manual selector switch to energize the heating system when waste oil fuel is fired.

70.2 The burner is to be constructed and installed as for the combustion tests described in Section 58,
Combustion Tests — Mechanical-Atomizing Burners. The test is to be conducted:

a) With the burner constructed for firing the unheated standard grade of fuel oil marked on the
appliance and with the oil heating system energized; and

b) With the burner constructed for firing waste oil fuel and with the oil heating system not

ener
70.3 There
pulsation dur
safety contro

PARTIIl - B

CONSTRUC

71 Assembly

71.1 In addit
Construction

hized. Observations are to be made of each firing condition.

hall be no evidence of unsafe operation, such as continued on-off ignition
ng firing. Failure of the fuel to ignite and automatic shutoff of the fuelby’the b
are considered to be acceptable results.

DILERS, FURNACES, AND HEATERS

FON

on to the requirements specified in Sections 4°="36, a boiler assembly shall co
requirements of the Standard for Qil-Fired;Boiler Assemblies, UL 726, app

following typés:

a) Hi
b) Hi
¢) Hq

d) Lg

ph pressure steam boiler,
ph temperature water boiler;
t water boiler, and

w pressure steam-boiler.

71.2 In addition to the requirements specified in Sections 1 — 36, a furnace or a heater sha
the requirements specified in Sections 71 — 109.

71.3 A furnace ora*heater shall be factory-built as a group assembly and shall include all
components hecessary for its intended function when installed as intended. A furnace or h

bf the fuel or
Lirner primary

mply with the
icable to the

| comply with

the essential
bater may be

shipped as twoormore IIIdeI subassembties:

71.4 A furnace or heater, if not assembled by the manufacturer as a unit, shall be constructed in major
subassemblies. Each subassembly shall be capable of being incorporated into the final assembly without
requiring alteration, cutting or drilling (except to the extent indicated in 71.6), threading, welding, or similar
tasks by the installer. Two or more subassemblies that must bear a definite relationship to each other for
the intended installation or operation of the furnace shall be constructed so that when installed in the
complete assembly, there is only one relationship of the assemblies that does not require alteration or
alignment. Subassemblies that do not comply with this requirement shall be assembled, tested, and

shipped from

the factory as one assembly.
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71.5 With regard to 71.4, major subassemblies of a furnace or heater are considered to be:

a) Th

e burner;

b) The heat exchanger, including its base, combustion chamber, casing, and safety controls;

c) The blower assembly, including the base, filters, and casing; and

d) The blower motor if not included as part of the blower assembly. A wiring harness may be
packaged with one of the major subassemblies.

71.6 Cutting

or drilling that is required:

a) Fq
b) Tq
is considered

If a return air]
shall be prov|

71.7 A radia

a) As
to th

r the attachment of a return or supply plenum or an optional filter rack; or
cut a return air opening in a furnace casing;

to comply with 71.4.

opening is to be cut in the casing panel by the installer, suitable instructions and a template

ded with the furnace or the corners of the opening shall(be embossed in knoc
ion shield or baffle provided to prevent temperatures/in excess of those intend

sembled as part of a furnace or heater, or bé part of a subassembly that mus

b unit for its intended operation; or

b) Constructed so that the unit cannot be_assembled for operation without first attad

requi

71.8 The co

red shield or baffle in its intended position.

struction of a furnace or heater shall be such that, for any intended installation,

or removal of| a baffle, insulation, or a radiation shield provided to reduce the risk of temperat

result in a ri

of fire, electric shock, ‘orinjury to persons, is not required.

71.9 A horizpntal furnace and-acunit heater intended for suspended installation shall be
brackets or Hangers to support-the furnace from its basic frame or structure.

71.10 Parts pf a furnaCe or heater that require attention or manipulation by the user during
shall be accdssible. to the user for convenient operation.

71.11 Adjusfable”or moveable parts shall be provided with locking devices to reducs

k-out form.
ed shall be:

be attached

hing a

the alteration
ires that may

provided with

intended use

b the risk of

unintentional stifting:

71.12 Screws or bolts used to attach parts that are detached for maintenance or servicing of the
appliance shall not be loosened by the application of the torques indicated in Table 71.1 after removal and

replacement.
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Table 71.1
Maximum torque requirements for screw or bolts

American standard screw size Torque 1.S.0. screw Torque
size
No. mm Lb-In N-m mm N-m Lb-In
- - - - 4 1.6 14
8 4.2 18 2.0 4.5 2.6 23
10 4.8 30 3.4 5 4.2 37
6 8.7 77
Inch mm 7 15.0 133
8 23.5 208
1/4 6.4 100 11.3 9 33.6 297
5/16 7.9 200 22.6 10 452 400
3/86 9.5 350 39.6 12 810 715
7/16 11.1 575 65.0 14 128.0 1130
1/2 12.7 850 96.0 16 185.0 1640
9/16 14.3 1200 136.0
5/8 15.9 1600 181.0
71.13 Any external door shall be self-closing if the door provides access into the combustion chamber of

a furnace or p heater intended for installation with a clearancetef less than 24 inches (610

face of the dpor or 48 inches (1.22 m) above the door.

71.14 A furrface intended for installation in the cooled-dir path, downstream from a cool
he following:

comply with {
a) Al
b) TH
c) Cq

any {

d) TH

mm) from the

ng coil, shall

interior surfaces of the heat exchanger, the combustion chamber (including it$ bottom),
radiators, and flues shall be resistant.fo corrosion by moisture;

e firebox liner shall resist deterioration from being wetted by condensation;

ndensation shall not\drip on burner parts or other parts subject to corrosion if

corrosion of

uch parts may cause operation that results in a risk of fire, electric shock, or injury to
pers¢ns; and

e heat exchanger and appliance flue shall contain no traps or pockets in which

condensation-may collect.

71.15 A buri

er_shall be secured so that it will not twist, slide, or drop out of position.
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72 Accessibility for Servicing

72.1 A furnace or a heater shall be provided with means of access for cleaning parts such as interior
surfaces of vaporizing burners, heating surfaces in contact with combustion products, oil inlet pipes, and
oil strainers, without major dismantling of the unit or removing of parts required to be factory-assembled.

72.2 The removal of access panels, burners, blowers, caps, plugs, and the like for servicing and the
detachment of the chimney connector are not considered as major dismantling of the unit as specified in
72.1.

72.3 Accessibility shall be provided for cleaning, inspection, repair, and replacement of all burners,
controls, and safety devices when the furnace or heater is installed as intended by the manufacturer. The

disposition o
removal, will

parts in the assembly removed for servicing shall be such that their restorat
not necessitate their realignment to secure their intended relationship with bthe

assembly. Special facilities required for servicing to be performed by the operator shalbbe

the furnace
installation a

73 Disposal

73.1 The co
mixed with th

74 Base

74.1 The ba
support for th
floor through
room above

74.2 A sub-q
the furnace i
position of th

74.3 The b4
material shal
and vertical g
at least 3 ing
An acceptab

74.4 Spacer

br heater and shall be attached to or placed near the furnace or-heater a
5 specified in the instructions.

of Combustion Products

nstruction of a furnace or a heater shall not enable the products of combustig
e circulating air.

se of a furnace shall be constructed of miétal or other nonflammable mater
e furnace. The assembly shall be constructed so that there will be no open pa

when the furnace is installed as intended.

N the intended position only.and in a manner that will establish and maintain
e furnace with respect to_the sub-base.

se and sub-base~of*a downflow furnace intended for installation on combuj
establish andmaintain no less than the required clearance between the floo
urfaces of the.plenum or duct to be attached to the base or sub-base. A space
hes (76.2’mm) below the upper surface of the floor on which the furnace is td
e base(construction is shown in Figure 74.1.

jon, following
r parts of the
brovided with
[ the time of

n to become

al to provide
5sages in the

which flame or hot gases from a fire originating in the space below the floor can travel to the

ase, if provided as a separate assembly of a furnace, shall be assembled for attachment to

correctly the

stible flooring
construction
[ shall extend
be installed.

5.in\tie form of separate blocks or shims, as shown in Figure 74.2, shall not beF provided as

a base as s

el . —4
Cheyu 1nmr 74.9.

74.5 The base of a floor-mounted unit heater shall be constructed of metal or other nonflammable
material to provide support for the heater.
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Figure 74.1
Acceptable base construction for downflow furnace

TYPICAL SPACER
Before Assembly To Base

-_— -

// \\

OUTER CASING // g \\
OF FURNACE \ / \
l \

!I/ L 1

i i
\ I
\ /
\ g/
\ /
N /
\\ //
X : 1] -
PLENUM OR BAS
puct W e | FLOOR
‘ | 4
3 INCHES
(76‘2'mm)

\ JOIST
%

~ SPACER SECTION NORMALLY
INTEGRAL WITH BASE

—_— «—— REQUIRED CLEARANCE

S2591
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Figure 74.2
Unacceptable base construction for downflow furnace

[
SEPARATE SHIM OUTER CASING OF FURNACE

75 Casing

75.1 An out
reinforced, o
metal casing
0.023 inch (0
than 0.029 in

75.2 Access
removal and
properties.

75.3 A remo
the panel fro|
heater.

br casing or jacket shall be made of steel or equivalent material and sha

5 shall be made of steel having a minimum thickness of 0.020 inch (0.51 mm) i

ch (0.74 mm).

vable_panel through which air is drawn for combustion shall be constructed so
m being attached in a manner that may affect the intended performance of tTe furnace or

OR BLOCK
N
PLENUM OR BASE
DUCT W FLOOR
/
KIN{\HFQ X 2 X 3 X X X X X X X XX X X
(76.2mm)
- %
SEPARATE SHIM - JOIST
OR BLOCK
4
REQUIRED CLEARANCE
52592

formed to reduce the risk of damage from handling in shipment, installation, ar

58 mm) if galvanized, or of nonferrous sheet metal having an average thickne

panels that may be removed for servicing and accessibility shall be construg
replacement ‘repeatedly without causing damage or impairing any requir

| be braced,
d use. Sheet
f uncoated or
ss of no less

ted to permit
ed insulating

s to prevent

75.4 A removable panel shall be constructed so that the panel will not be interchangeable with other
panels on the same furnace or heater if interchange may affect the intended operation of the unit.

75.5 The casing of a furnace or a floor-mounted unit heater intended for installation on combustible
flooring material shall completely close the bottom or shall be constructed to provide an effective radiation
barrier between the heat exchanger and the floor.

Exception:

permanently connected to a circulating-air distribution duct may be provided.

An opening in the casing of a furnace or a floor-mounted unit heater intended to be
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75.6 The casing of a forced-air type furnace shall have no uncovered openings connecting to the
circulating air compartments unless such openings are intended to be permanently connected to a
circulating air distribution duct.

75.7 A furnace or a heater shall be constructed so that a negative pressure created by an air-circulating
fan will not affect the combustion air supply or draw products of combustion into the circulating air.

75.8 A connection between the heat exchanger and the casing which encloses circulating air shall be
constructed to prevent leakage of combustion products into the circulating air.

75.9 An access opening to a return-air compartment of a furnace shall be completely covered.

75.10 A furn

Exception:
tested for su

75.11 An int
one outlet-ai

pce shall provide for the attachment of warm-air outlet and cold-air return duct

A furnace intended for an installation that does not include outlet or return’air
Ch restricted use.

bgral plenum of a furnace intended for alcove or closet installation-shall have
opening unless each additional opening is provided with means supplied at

close the opg¢nings in the casing and any insulation or liner.

76 Radiatio

h Shields or Liners

76.1 A radia

ion shield or liner shall be constructed, formedyand supported to provide for

o

D.

Hucts may be

no more than
he factory to

the intended

positioning ahd to prevent distortion or sagging in servicex A shield or liner shall be prot¢cted against
corrosion if it deterioration may result in excessive températures when the furnace or heatg
described in [Sections 86 — 109, as applicable. A finish:that provides the required resistance

shall not be

amaged by heat when the unit is tested under these requirements.

77 Materialg in Air Handling Compartments

77.1 Materia
spread rating
in accordanc
723.
Exception:
a) Ai

b) G

Is in a compartment handling air for circulation through a duct system shall
not exceeding 25 and shall have a smoke developed rating not exceeding 50
e with the Standardifor Test for Surface Burning Characteristics of Building
[he following\parts need not comply with this requirement:

I filters,(drive belts, wire insulation, and paint provided for corrosion protection;

hskets forming air or water seals between metal parts;

ris tested as
b to corrosion

have a flame
when tested
Materials, UL

¢) Miscellaneous small parts such as resilient or vibration mounts, wire ties, clamps, labels, and
the like;

d) An adhesive that, when tested in combination with the specific insulating material, complies
with this requirement; and

e) Molded or formed components made of polymeric materials, not including liners, in which the
total surface area of such materials in the compartment does not exceed 10 square feet (0.93
mP). These materials shall comply with the flame spread rating and flammability test
requirements specified in 77.7.


https://ulnorm.com/api/?name=UL 296A 2018.pdf

AUGUST 2, 2018 WASTE OIL-BURNING AIR-HEATING APPLIANCES - UL 296A 113

77.2 The supporting surface to be used in the surface burning characteristics test of adhesives is to be
of asbestos-cement board or metal. Other materials requiring support may be supported using metal rods
or bars or 2-inch (50.8-mm) hexagonal mesh-wire with metal bars or rods.

77.3 Exposed unimpregnated asbestos material shall not be used in an air-handling compartment. The
unprotected edge of a gasket fitted between two parts is considered to be exposed.

77.4 Thermal or acoustic insulating material shall be secured in position if loosening:

a) May reduce or block air flow resulting in temperatures in excess of those acceptable in the
temperature tests; or

b)
grou

[l result In reduction of electrical spacings below the required values, short-cirg
hding.

uiting, or

Leading edgés of insulation shall be protected against damage from the effects of-the velogity of moving

air.

77.5 Mechar
(0.09 m?) unl

n square foot
ecause of its
alent. Butting

ical fasteners for securing the insulating liner in position shafl.be used for eac
ess the liner is retained in position under all test conditions by/fewer fasteners &

inherent rigid
edges of ins
effects of the
77.6 An adh

a) At
requi

b) At

77.7 The po
shall comply

77.8 Sample

inches (127 Iy 12.7 mm) orcas-large as is practical to test. Sections shall include the thinne

the parts.

77.9 The teq
nominal tube
inches (102 1

ity. Mechanical fasteners may be bolts, metal clamps, wire rods, or the equiv,
Lilation against bulkheads provides protection for leading edges against dam
velocity of moving air.

bsive required for securing insulation shall retain its adhesive qualities:

any temperature attained by the adhesive when the unit is tested under the p
rements specified in Sections 86 — 109;*and

0°F (minus 17.8°C) or minus 20°F (minus 28.9°C) for outdoor-use equipment.

ymeric materials specified\in 77.1(e) shall have a flame spread rating not exd
with the flammability test_requirements specified in 77.8 — 77.12.

s shall consist of-atileast three of each part, or sections of each part, and sha

diameter of 3/8 inch (9.5 mm) and a length above the primary air inlets of ap
hm),“The flame is to be adjusted to an overall height of 5 inches (127 mm) with

age from the

brformance

eeding 25 or

| be 5 by 1/2
st portions of

t flame( shall be obtained by means of a Tirrill or Bunsen laboratory type bufner having a

broximately 4
an inner blue

cone of 1-1/2-mches<(38-tmm)—Theareamwhich—thetestistobeconducted—shattbe—shielded from

drafts.

77.10 The part or section is to be located with the major axis of the sample area vertical, exposing thin
sections to the maximum sweep of flame if practical. The test flame is to be applied to a lower edge of the
specimen with the flame 20 degrees from the vertical. The flame is to be applied for 5 seconds and
removed for 5 seconds until five such cycles of exposure have been completed. The specimen shall not
continue to burn for more than 1 minute following the last exposure to the flame nor shall any material fall
from the specimen during the test. Complete destruction of the sample shall not be an acceptable test
result.
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77.11 A set of identical samples is to be aged in a full-draft, circulating air oven at the aging temperature
and time determined by the intended use of the finished part as indicated in Table 77.1.

Table 77.1

Aging temperature and time

Maximum intended operating temperature,

Aging temperature,

Aging time, days

oc CFy ¢ CF)
50 (122) 75 (167) 60
75 (167) 100 (212) 60
100 (212) 121 (250) 60

2 |f the intende

d operating temperature is between two values shown in this table, the higher of these two values is used in

determining th

b aging conditions.

77.12 Samp

es shall be removed from the oven at the end of 60 days of exposure and sulhjected to the

flammability {est described in 77.9 and 77.10. The samples shall not show weakening, embrittlement, or

other eviden

78 Air Filtens

78.1 An air
replacement

79 Combus

79.1 A comf

ion Chamber

e of deterioration and shall comply with the requirements of the flammability tgst.

filter, if provided as a part of a furnace or heater, shall'be accessible for jnspection or
without the use of special tools and without dismantling the unit.

ustion chamber and flueway within the air handling compartment shall be constfucted of cast

iron, sheet steel, or equivalent material. Sheet steel, if\used, shall provide the strength, rigidity, durability,

resistance 1d
thickness of

D.042 inch (1.07 mm).

79.2 A com

80 Radiator

80.1 A radia
and shall be

corrosion, and other physical propérties equivalent to sheet steel havindg a minimum

ustion chamber (firebox) lining”material, if used, shall be secured in place |Jand shall be
accessible for replacement with an equivalent type of lining material.

accessible for cleaning.

or shall be made of material no lighter than that specified for a combustion chgmber in 79.1
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81 Heating Surface Joints

81.1 Joints in heating surfaces shall be welded, locked-seamed, machined and bolted, or riveted. The
tightness of a joint shall be equivalent to that provided by a lock-seam, as shown in Figure 81.1, and 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.

Figure 81.1
Types of acceptable lock-seams

e

FOLD LOCKED DOUBLE LOCK OFFSET
STANDING SEAM DOUBLE SEAM

=— B3 il =)

ACME LOCK CORDON "SEAM LOCK SEAM

EDI0O

82 Baffles

82.1 A baffl¢ in a fluesgas passage or otherwise exposed to combustion products shall be fixed in
position. A fllie baffle~shall be made of material having resistance to corrosion equivalent t¢ AISI C1010
sheet steel hpving_a.minimum thickness of 0.042 inch (1.07 mm) unless its deterioration wil not result in
excessive temperatures when the furnace or heater is tested as specified in Sections 86 — 109. A furnace
or heater provided with a baffle that may deteriorate shall be tested both with and withgut the baffle
installed.

82.2 A flue baffle shall be accessible for cleaning. A flue baffle that is removable for cleaning shall
facilitate its removal and shall permit replacement only in its intended position.
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83 Flue Collars

83.1 A flue collar shall be constructed and located to permit the attachment of the chimney connector.
83.2 A flue collar, flue collector parts, or extensions exterior to the air handling compartment shall have
rigidity, heat, and corrosion resistance at least equivalent to that of sheet steel having a thickness of no

less than 0.016 inches (0.41 mm).

83.3 A flue collar or flue collector parts within the air handling compartment shall have rigidity, heat, and
corrosion resistance at least equivalent to that of sheet steel having a thickness of no less than 0.042

inches (1.07

mm).

84 Damperq and Draft Regulators

84.1 An adjystable damper shall be provided with minimum and maximum operatingcstops. |
operating stop for an adjustable damper shall be located to obtain sufficient air for,complet

at minimum

84.2 An autq
be constructs

84.3 A furna
as not to req
will permit a
combustion g

85 Controls

85.1 Application

85.1.1 A saf
volts. A safet

Exception:
control, such|

85.1.2 A shd
85.1.3 A co

power-supply
value approp

urner input.

matically operated damper shall maintain the intended damper, opening at all tir
d to prevent starting of the burner unless the damper is in the intended positio

Ce or heater intended to be provided with a barometric draft regulator shall be ¢
Lire the regulator to be installed in a false ceilingyinta different room, or in any
difference in pressure between the air in the\vicinity external to the regu

ir supply.

bty control circuit shall be two-wire, with one side grounded, having a nominal
y control or protective device’ shall interrupt the ungrounded conductor.

\ circuit within a safety eontrol or the extension of such a circuit to a separate €
as a flame-sensjng-device, need not comply with this requirement.

rt circuit shalhnot render a safety control or protective device inoperative.
ptrol circdit shall be constructed so that when the furnace or heater is co

branch circuit, the control circuit will be protected against overcurrent at no n
riate*for the rating of any control included in the circuit.

'he minimum
B combustion

nes and shall
n for starting.
bnstructed so

manner that
ator and the

rating of 120

lement of the

hnected to a
hore than the

85.1.4 All safety controls shall be accessible.

85.1.5 A safety control and its sensing element shall be supported to remain in their intended positions.
It shall be possible to determine by observation or test whether or not each control is in its intended
position.
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85.1.6 No means shall be provided to permit any safety control to be rendered ineffective or to allow firing
of the furnace without the protection of each of the required safety controls.

85.2 Limit control

85.2.1 A furnace and a heater shall be provided with a limit control to prevent excessive temperatures.

85.2.2 The maximum setting of a limit control determined by a fixed stop shall permit an outlet-air
temperature of no more than the temperature specified in 90.1.

85.2.3 An automatically lighted furnace or heater shall be provided with an automatic-reset type limit
control. An auxiliary limit control may be of the manual-reset type.

85.2.4 A do
opening und
Horizontal FU

85.2.5 A limi
be constructsg
or remote fro

85.2.6 Thed
other control
However, a |
directly open

a) A
b) A

85.2.7 The |
operate with
or closet inst
by a bracket
shall be mar
evident.

85.2.8 The |

vnflow or horizontal furnace shall limit the air temperature build-up in the ‘re
pr conditions of reverse air flow as described in Section 93, Airflow Tests)— [
rnaces.

| control that interrupts the delivery of fuel for combustion by opefiing an electric
d to effect the direct opening of that circuit, whether the switching mechanism is
Im the sensing element.

urpose of the requirement specified in 85.2.5 is to ayaid interposing in the limit-
5, the failure of which may result in a condition that\the limit control is intende
mit control may interrupt the pilot circuit of a maghetic-type motor controller v
5 the safety circuit when it is necessary to intercupt:

single-phase circuit carrying a load greater than the capacity of available limit
multiphase circuit.

Imit control or controls for an. attic, downflow, or horizontal furnace; for a furnac
an outlet-air temperature of'no more than 200°F (93°C); or for a furnace intend
bllation shall be factory-logated on the furnace or its location shall be factory-p

or an equivalent means supplied as part of the furnace. The bracket or equi
Ked to identify its-purpose and the assembly shall be such that omission of t

mit contralor controls for a heater shall be factory-mounted on the heater.

turn air duct
ownflow and

Al circuit shall
5 integral with

control circuit
d to prevent.
hich, in turn,

controls; or

e intended to
ed for alcove
redetermined
alent means
he bracket is
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85.3 Fan control

85.3.1 A furnace and a heater shall be provided with a fan control that controls the operation of the
circulating air fan so that the operation of the unit is continuous as specified in 90.2 at all settings of the
fan control. The fan control shall comply with the requirements for a fan control as specified in the
Standard for Limit Controls, UL 353.

PERFORMANCE — CENTRAL FURNACES

86 General

86.1 A central furnace shall comply with the applicable requirements when tested as described in
Sections 87 { 98.

86.2 A floof-mounted furnace of the upflow or downflow type shall be testedhfor installation on
noncombustiple floors and with clearances to combustible walls and ceilings as indicated in Table 86.1.
Such a furngce is classified under Form | or Form Ill, depending on its physical’size as npted in Table
86.1. At the|option of the manufacturer, a floor-mounted furnace may be tested for installation on
combustible floors and when so tested is classified under Form la or Formillla, depending dn its physical
size.

Table 86.1
Standard clearances

Type of Minimum clearance, inches (mm)

f

urnace A B c D E F

Above Front Chimney Rear Sides Below
conngctor

Form | 2 (51) 24 (610) 18 (457) 6 (152) 6 (152) NC
Form la 2 (51) 24 (610) 18 (457) 6 (152) 6 (152) C

Form lla 6 (152) 24 (610) 18 (457) 6 (152) 6 (152) o (0)
Form llb 6 (152) 24 (610) 18 (457) 6 (152) 6 (152) 6 (152)
Form Il 8 (457) 48 (1219) 18 (457) 18 (457) 18 (457) NC
Form llla 8 (457) 48 (1219) 18 (457) 18 (457) 18 (457) C
Form Illb 8 (457) 48 (1219) 18 (457) 18 (457) 18 (457) 18 (457)

C — Combustible
NC — Noncomhustible

Forms | and la|- Warm-air’furnaces, upflow, or downflow types no larger than 100 cubic feet (2.8 md) in size (exg¢luding blower
compartments pnd burner).

Forms lla and |Ibx— Horizontal forced warm-air furnaces no larger than 100 cubic feet in size (excluding blower cgmpartments
and burner).

Forms Ill and llla — Low-heat industrial appliances and floor-mounted types that include furnaces not classified under Forms |
and la.

Form lllb — Low-heat industrial appliances and suspended types that include furnaces not classified under Form Ilb.

86.3 A horizontal furnace is normally tested with clearances below and to walls and ceilings as indicated
in Table 86.1. Such a furnace is classified under Form llIb or Form lllb, depending on its physical size as
noted in Table 86.1. At the option of the manufacturer, a horizontal furnace normally classified under Form
IIb may be tested for zero clearance below and when so tested is classified under Form lla.
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86.4 At the option of the manufacturer, any furnace may be tested with clearances less than those
indicated in Table 86.1 and shall not deliver air at a temperature in excess of 200°F (93°C) when tested
as described in 90.1.

86.5 If an appliance is to be tested in a partial enclosure at less than the standard clearances specified
in Table 86.1, a ceiling of construction equivalent to that required for the walls is to be placed above the
partial enclosure. Clearances from chimney connectors are to be no less than 9 inches (229 mm). When
the chimney connector clearances are less than the standard clearances indicated in Table 86.1, the
connector arrangement is to be as specified in 87.6.5 and Figure 87.8. The tests are then to be conducted
as described for standard clearances.

86.6 The standard clearances indicated in Table 86.1 are based on a furnace installed in a room that is
large compated to the size of the furnace. All clearances indicated in Table 86.1, or by the manufacturer
under an optlon, are to be in integral inches for testing purposes.

87 Test Installation for Standard Clearances

87.1 Downflow and upflow furnaces enclosure

rnace is to be placed in a partial enclosure in the as-received condition as|described in

-inch (19.1-mm) thick plywood; set at right angles and finished in flat black
Figure 87.1. A ceiling of equivalent construction is to be placed above the partial enclosure.
the walls is|to provide the minimum clearance above the furnace specified in Table
accordance with 86.2. All joints inythe test enclosure are to be tight or sealed. The walls and

ey connector
ace that may

ble, or are to
ce above the

hick wooden
as shown in
The height of
86.1 and in
ceiling of the

partial enclogure are to extend-3-feet (0.91 m) beyond the end and side of the furnace. Th¢ walls are to

be the minimum distance spéecified in Table 86.1 from the side and back of the furnace, exc
the flue outl
chimney conpector as<«ohnected to the flue collar by a 90-degree elbow as specified in 87.

bpt that when

is horizontaly, the wall opposite the flue collar is to be the specified distance fijom a vertical

2.1.
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Figure 87.1
Test enclosure for standard clearances downflow and upflow furnaces

\

87.1.4 If the
furnace is td
covered with
with a clear {

87.2 Chimne¢y connector

87.2.1 The g
Galvanized
connector is
extended ver

using a 90-d¢gree shegi-metal elbow at the bottom of the vertical section as shown in diagr
of Figure 87.p.

1, Location of
heater, assembly
on platform,

S2684

furnace is intended for direct installation on combustible flooring, the floor

beneath the

be nominal 1-inch (25.4-mm) whitéspine flooring, [actual thickness 3/4 inch (19.1 mm)]

one thickness of building paper, and then by 3/4-inch thick plywood, unpainte
ealer.

himney connector is\to be the same nominal size as the flue collar or outlet o
stovepipe no heavier than nominal 0.028 inch (0.71 mm) is to be used.
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Figure 87.2
Chimney connectors — standard clearance test
(M (M
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R &/ R
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HORIZONTAL ELUE OUTLET VERTICAL FLUE OQUTLET

S258p

1. Centerline of thermocouple.
2. Support bracket.

3. Draft regulator.

4. Flue collar.

5. Chimney connector, same nominal diameter as flue collar.
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87.2.2 Where the chimney connector pierces the enclosure, an opening having a diameter 8 inches (203
mm) larger than the diameter of the chimney connector is to be cut in the enclosure, and the resulting
annulus is to be sealed on the exterior surface with a fire and heat resistive insulating barrier no less than
1/8 inch (3.2 mm) thick as shown in Figure 87.3. Temperatures on the surfaces surrounding the chimney
connector are to be determined at points located no less than 2 inches (50.8 mm) from the outer edge of
the annulus.

Figure 87.3
Sealing of annulus around chimney connector
CHIMNEY CONNECTOR

¢

FIRE and HEAT\RESISTIVE
INSULATING BARRIER

{4 — - 47—

(102mm) (102mm)

>N

87.2.3 A brafket for supporting the thermocouple for measuring flue-gas temperature is to be located as
shown in item 2 of Figure 8%.2.

$2586

87.2.4 A draft regulatox.is to be provided for test purposes and located in the chimney conrlector outside
the test enclgsure_as-shown in item 3 of Figure 87.2.

87.2.5 Any huilt-in draft regulator included as part of the furnace is to be fixed in the posjtion allowing
maximum draft.

87.2.6 The chimney connector is to be connected to a chimney, stack, or exhaust system capable of
imposing the specified draft.
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87.3 Air outlet and inlet — forced air furnace

87.3.1 Unless the supply plenum is an integral part of the furnace, a metal plenum chamber or bonnet
having the same dimensions as the warm-air outlet of the furnace is to be provided by the manufacturer
for test purposes. For forced-air upflow furnaces, a separate plenum is to be at least 18 inches (457 mm)
high but no less than that required to obtain 2 inches (50.8 mm) clearance to a ceiling located at least
7-1/2 feet (2.29 m) above the floor of the test enclosures shown in Figure 87.4. For downflow furnaces
intended for installation on combustible flooring, the depth of the plenum is to provide the specified
clearance between the top of the outlet duct and the lower surfaces (ceiling) of the floor structure, as
shown in Figure 87.5.
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Figure 87.4
Plan of ducts for forced-air upflow furnaces
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Figure 87.5
Test enclosure — downflow furnace standard clearance — combustible floor
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A — From top of furnace casing.

Ap — From top of horizontal warm-air duct within 6 feet (1.83 m) of furnace.

D — From back of furnace.

E — From side of furnace.

Ep — From side of supply plenum.
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87.3.2 The warm-air outlet opening is to be:

a) Extended by a duct or ducts beyond the test enclosure; and

b) Located to discharge in a direction away from the cold-air inlet of the furnace.

87.3.3 For a

forced-air furnace, the size of the outlet duct is to be:

a) Calculated for a velocity of approximately 900 feet (274 m) per minute of standard air [0.075
pounds per cubic foot (1.2 kg/ with a 90°F (50°C) temperature rise through the furnace; and

b) Based on an output equivalent to 75 percent of the rated input [Btu per hour (W)] of the

furng

87.3.4 Form
follows:

Area
Area

87.3.5 Thet
to the corres
to one.

87.3.6 A the
plane within
thermocouplé
6 inches bey|

87.3.7 The @
the furnace.
(0.21 mm?),
and 24 inche

87.3.8 The |
as specified

ce. I'he specific heat of alir Is to be taken as 0.243 Btu per pound (565 J/kg),

ilas derived from the requirement specified in 87.3.3 based on the outlet’duc

(in?) = (Btu per hour input) x 0.00122

(cm?) = Watts x 0.0000554

bonding dimension of the plenum or plenum collar;)but the aspect ratio is not tg

Fmocouple grid, as shown in Figure 87.4, is’to be located in each warm-air oy

will be in line of sight with any surface of the heat exchanger. The duct is to e
bnd the thermocouple grid.

ross-sectional area and shape of the air-inlet duct is to be equivalent to the c(
The inlet-air temperature.js.to be measured by a thermocouple, no heavier t

s above the floor of the-test enclosure.

mit control, if farnished separately for mounting in a field-installed plenum, is
n the installation instructions provided with the furnace.

[ area are as

bst duct, as shown in Figure 87.4, is to be rectangular,ith a width approximately equivalent

exceed four

tlet duct in a

6 inches (152 mm) downstream fromithe location closest to the plenum where any

ktend at least

Id-air inlet of
han 24 AWG

hielded from direct radiation and centrally located 24 inches (610 mm) in front ¢f the furnace

o be located
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87.4 Horizontal furnace enclosure

87.4.1 A horizontal furnace is to be tested when installed in a partial enclosure constructed of nominal
1-inch (25.4-mm) thick wooden boards or 3/4-inch (19.1-mm) plywood finished in flat black, with all joints
sealed, as shown in Figure 87.6. If the furnace is intended for installation on combustible flooring, the
clearance beneath the furnace to the enclosure is to be zero. The walls are to be the minimum distance
specified in Table 86.1 from the side and back of the furnace, except that when the flue outlet is horizontal,
the wall opposite the flue collar is to be the specified distance from a vertical chimney connector as
connected to the flue collar by a 90-degree elbow as specified in 87.5.1.

Figure 87.6
Enclosure for horizontal furnace — standard clearances

3'(0'|91m)

FURNACE

12"(.'500mm)J
END VIEW FRONT VIEW

VERTICAL FLUE\QUTLET SHOWN
S 2596

87.4.2 The flirnace js-10 be level. Leveling means, if provided, are to be removed if detachgble, or are to
be adjusted if non-detachable, to place the base of the furnace the minimum possible distarice above the
floor.
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87.5 Chimney connector

87.5.1 The chimney connector is to be the same nominal size as the flue collar or outlet of the furnace.
Galvanized stovepipe no heavier than nominal 0.028 inch (0.71 mm) is to be used. The chimney
connector is to extend vertically through the ceiling of the test enclosure and be directly connected to and
extended vertically from a vertical flue collar or outlet and connected to a horizontal flue collar or outlet by
using a 90-degree sheet-metal elbow at the bottom of the vertical section as shown in Figure 87.2.

87.5.2 Where the chimney connector pierces the ceiling, an opening having a diameter 8 inches (203
mm) larger than the diameter of the chimney connector is to be cut in the enclosure, and the resulting
annulus is to be sealed on the upper surface with a fire and heat resistive insulating barrier no less than
1/8 inch (3.2 mm) thick as shown in Figure 87.3. Temperatures on surfaces surrounding the chimney

connector arg
the annulus.

87.5.3 A bra
shown by ite

87.5.4 A dra
the enclosur

87.5.5 Any t

maximum draft.

87.5.6 The ¢
imposing the

87.6 Air out

87.6.1 The g
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discharge op
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beyond the v
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m 2 of Figure 87.2.
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uilt-in draft regulator included as part of the furnaceyis to be fixed in the pog

himney connector is to be connected to a ¢himney, stack, or exhaust syste
specified draft.
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old-air inlet and warm-air outlet ©openings of the furnace are to be extended be
an appropriate duct or ductsA*metal plenum chamber having the same dime
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Figure 87.7
Plenum and outlet duct for horizontal furnace
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TOP VIEW
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rmocouple grid, as shown in Figure 82.7, is to be located in the warm-air du
bs (152 mm) downstream from the position closest to the plenum where any {
of-sight of any surface of the heat'exchanger. The duct is to extend at least 6 ir
uple grid.

bom temperature is to be-measured by a thermocouple, no heavier than 24 AW(
way between the floor and ceiling of the test enclosure.

learance between the nearest surfaces of the chimney connector and the wal
ss than 9 inehes (229 mm) and no more than 18 inches (457 mm).

f the construction of the furnace is such that, when installed with the clearance
turer,, the clearance between the chimney connector and the interior wall,

ct in a plane
hermocouple
ches beyond

b (0.21 mm?),
ce and at an

s and ceiling

s selected by
5 of the test

enclosure is

ess than 9 inches, the test may be conducted with such lesser clearance fro

m the walls if

portions of the wall located within 9 inches of the chimney connector are protected. Directions that such
surfaces shall be so protected are to be included in the instructions furnished with the furnace.

87.6.5 A furnace with vertical flue outlet is to be tested with two chimney connector constructions, Styles
I and Ill, and a furnace with horizontal flue outlets is to be tested with two chimney connector
arrangements, Styles Il and Ill, as shown in Figure 87.8.
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Exception: If the manufacturer elects to specify the minimum clearance from the furnace as that obtained

when tested with the chimney connector arranged in accordance with Style | or Il only, the furnace need
not comply with this requirement.
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Figure 87.8
Chimney connector construction for alcove and closet installation
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Note: With connector arrangement Styles | and Il, the horizontal run is to pierce the back or a side wall, whichever is farthest from
the vertical run.
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