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INTRODUCTION

1 Scope

1.1 These requirements cover electric heating, water supply, and power boilers rated at 15,000 volts or
less intended for commercial or industrial applications utilizing hot water or steam. They may also be used
for commercial, industrial, or residential use space heating applications.

1.2 The boilers covered by these requirements are intended for installation in accordance with the
National Electrical Code, NFPA 70, the International Mechanical Code, and the Uniform Mechanical Code.

1.3 Each boiler consists of sheathed resistance-type heating elements and a vessel or tank constructed,

of Mechanical

inspected, ang
Engineers (A§
valves or saf
pressure regu
as a unit.

1.4 These req
employing co
commercial cq
which are cov
covered by th

1.5 The equiy

a) Hi
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BME) Boiler and Pressure Vessel Code. Each boiler is provided with ope’g

ating controls, including an integral limit control, wiring, and auxiliary equipmé

uirements do not cover water supply boilers and hot water and‘steam generat
nstructions which are outside the scope of, or not covered by, the ASM
oking or medical and dental equipment, nor other eleetric-heating equipment
ered in, or as part of, separate, individual requirements. Electrode-type boile
bse requirements.

ment covered by this standard shall be one_ofthe following types of water h

@gh Pressure — A boiler furnishing:

1) Steam at pressures in excess\of 15 psi (103 kPa); or

2) Hot water at temperatures in excess of 250°F (121°C) or at pressures
160 psi (1103 kPa).

v-Pressure Hot-Water. and Low-Pressure Steam — A boiler furnishing:

1) Hot watef at pressures not exceeding 160 psi and at temperatures not
250°F; or

2) Abailer furnishing steam at pressures not more than 15 psi.

c) Mi

r more safety

bty relief valves conforming to ASME requirements with all necessary’ t¢mperature or

bent assembled

ing equipment
E codes, nor
or appliances
s also are not

eating boilers:

n excess of

more than

hiature — A boiler that does not exceed the following limits:

1) 16 inches (406 mm) inside diameter of shell; and

2) 5 cubic feet (0.14 m3) gross volume, exclusive of casing and insulation,

(690 kPa) maximum allowable working pressure.

For the applicable ASME Code symbol, see Section 5.

and 100 psi
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2 Components

2.1 Except as indicated in 2.2, a component of a product covered by this standard shall comply with the

requirements for that component. See Appendix A for a list of standards covering compon
used in the products covered by this standard.

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

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

b) Is superseded by a requirement in this standard.

ents generally

nent in the

2.3 A component shall be used in accordance with its rating established for the intendeg
use.

2.4 Specific domponents are incomplete in construction features or restricted in“p&rformang

conditions of

e capabilities.

Such compongnts are intended for use only under limited conditions, such as)certain temperatures not

exceeding spgcified limits, and shall be used only under those specific conditions.

2.5 A component of a boiler intended to be manually operated or adjusted or that will de
periodic serviging, for example replacement or cleaning, shall be accessible without the

tools.
3 Units of Mgasurement

3.1 Values stpted without parentheses are the requirement. Values in parentheses are

approximate ipformation.

4 Undated References

4.1 Any undafed reference to a code prstandard appearing in the requirements of this sta
interpreted as|referring to the latest edition of that code or standard.

5 Special Designations

5.1 A boiler assembly shall'be constructed, equipped, inspected, tested, and marked in ad
the applicable sectionstof-the ASME Boiler and Pressure Vessel Code. The boiler markin

of the ASME Code_symbol and one of the following Designators.

"E” —[Designates a high pressure boiler [see 1.5(a)] constructed as follows:

finitely require
use of special

explanatory or

hdard shall be

cordance with
j shall consist

1) The boiler pressure vessel has been assembled by a manufacturer oth

er than the

boiler manufacturer in accordance with the ASME Boiler and Pressure Vessel Code,

Section |, Rules for Construction of Power Boilers or Section VIII, Division
permitted by ASME Boiler and Pressure Vessel Code, Section |, Part PEB
Construction of Pressure Vessels;

1as
, Rules for

2) The pressure vessel is stamped with the ASME Code Designator ”S”, “M”, or "U”;

and

3) The boiler is assembled by methods that do not involve any welding or
parts to the pressure vessel.

brazing of
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”"H” — Designates a low pressure steam or hot water boiler [see 1.5(b)] constructed in
accordance with the ASME Boiler and Pressure Vessel Code, Section IV, Rules for

Const

ruction of Heating Boilers.

”"M” — Designates a miniature boiler [see 1.5(c)] constructed in accordance with the ASME
Boiler and Pressure Vessel Code, Section I, Part PMB, Rules for Construction of Power Boilers.

”S” — Designates a high pressure steam or high-temperature water boiler [see 1.5(a)]
constructed in accordance with the ASME Boiler and Pressure Vessel Code, Section |, Rules
for Construction of Power Boilers.

vesseHs—constractetHraceordance—w e AEBe ahe Hre-\esse
VIII, Division 1, Rules for Construction of Pressure Vessels. The boiler has been/g|
accorglance with Section |, Part PEB, of the ASME Boiler and Pressure Vessel, Co

Cons
6 Glossary
6.1 Forthe p

6.1.1 CONTH
accidental cor

6.2 PROTE(Q
fire, or injury t
temperature li
6.12.)

6.3 LIMIT C(
temperature, |
beyond the in
be electrical o

6.4 LOW VQ

peak) suppliedl by a battery or by a standard Class 2 transformer or other acceptable trang

device, or by

compliance wi
resistance in §
not considere

to a pressure vess

uction of Power Boilers.

irpose of this standard the following definitions apply.

ROL ENCLOSURE PANEL — An enclosure for individual electrical componen
tract with energized parts and to protect the components from physical dam

D persons during abnormal operation of the“appliance. An example would be
Mit control. A protective control always provides Type 2 action. (See definitio

DNTROL — A protective (safety)control that is responsive to changes in pres|
quid level, or flow. This contrel may be used for regulating purposes or may
ended operating range pf\the controlled equipment to limit its operation. This
r mechanical in nature.

LTAGE CIRCUIT A circuit involving a potential of not more than 30 volts r

b combinatienof transformer and fixed impedance having output characterist
th requiréments established for a Class 2 transformer. A circuit obtained by
eries with a line voltage supply circuit as a means of limiting the voltage anc
i to.bé a low voltage circuit.

el when the
yde, Section
ompleted in
de, Rule for

ts to prevent
hge.

TIVE (SAFETY ) CONTROL — A control intended to prevent the risk of electric shock,

a water
ns 6.11 and

sure,
be set
control may

ms (42.4 volts
forming

ics in
connecting

| current is

6.5 OPERAT

Controls.

ING CONTROL — A control intended to start or regulate the appliance during normal
operation. An example would be a water temperature-regulating control. An operating control could
provide Type 1 and Type 2 actions. (See definitions 6.11 and 6.12). However, for the purposes of these
requirements, is not intended to provide the regulating function of the boiler, see Section 31, Limit

6.6 PORTABLE — A boiler that is moved or can be easily moved from one place to another in normal

use.

6.7 SAFETY RELIEF VALVE — An automatic pressure relieving device actuated by pressure upstream
of the valve and characterized by opening pop action with further opening with increase in pressure

over the popp

ing pressure.
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6.8 SAFETY VALVE - An automatic pressure relieving device actuated by pressure upstream of the
valve and characterized by opening pop action.

6.9 TEMPERATURE-PRESSURE RELIEF VALVE — An automatic resetting pressure relieving device,
actuated by pressure and by an integral thermal element that is in contact with, or is responsive to, the
heated fluid. Functions similar to safety relief valve.

6.10 TRIM — Term used by industry for safety controls (mechanical, electrical, and visible) as stated in
the ASME Code. This does not include decorative parts of the boiler. Examples of trim include the
following:

a) Hot water heating boilers (Section 1V):

1) Pressure gage;

2) Thermometer;

3) Water gage glass(es);

4) Pressure relief valves; and

5) Flow switches.

b) Lo pressure steam boilers (Section 1V):
1) Water gage glass(es);

2) Steam gages; and

3) Pressure relief valves.

¢) High temperature hot water-boilers (Section I):
1) Water gage glass(es);

2) Pressure'gages;

3) Temperature gages; and

4). Pressure relief valves.

d) High pressure steam boilers (Section I):

1) Water gage glasses (including protective rods or shields on tubular water gage
glasses);

2) Water gage glass connections;
3) Gage cocks;
4) Pressure gages; and

5) Pressure relief valves.
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6.11 TYPE 1 ACTION — Automatic action for which the manufacturing deviation and the drift of its
operating value, operating time, or operating sequence have not been declared and tested to the
Standard for Automatic Electrical Controls for Household and Similar Use, Part 1: General
Requirements, UL 60730-1.

6.12 TYPE 2 ACTION — Automatic action for which the manufacturing deviation and the drift of its
operating value, operating time, or operating sequence have been declared and tested to the Standard
for Automatic Electrical Controls for Household and Similar Use, Part 1: General Requirements, UL
60730-1.

6.13 MEDIUM VOLTAGE - Voltage greater than 600 V, up to and including 15,000 V.
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CONSTRUCTION

7 Frame and

7.1 General

Enclosure

7.1.1 The frame and enclosure of a boiler shall be formed and assembled so that it will have the strength
and rigidity necessary to resist the abuses likely to be encountered during intended service. The degree
of resistance inherent in the boiler shall preclude total or partial collapse with the attendant reduction of
spacings, loosening or displacement of parts, and other serious defects that alone or in combination

constitute an i

7.1.2 An encl

ncrease in the risk of fire, electric shock, or injury to persons.

are considere

7.1.3 Anencl
handling in sh

7.1.4 Among
a) Mg
b) Re
c) Mg
d) Co
e) Rs

f) Re
condif

For a nonmef
thermal aging

7.1.5 An outg

£ Ha-chivsial 1 1 ot 1 3 £ ] Al |2 £
HoUTT TUT TTIidTvivuar ©icutnodalr CUITIPUTITTIIS, Al UULTT TTTUIVOouUTT, ditu LUTTTVITTAt

j in determining compliance with 7.1.1.

psure shall be reinforced or formed if necessary so that it is not likely,to be dar
ipment, installation, and use.

the factors taken into consideration when an enclosure is beingjudged for ac
chanical strength;

sistance to impact;

isture absorptive properties;

mbustibility;

sistance to corrosion; and

ons of normal or abnormal use.

allic enclosure or patt of an enclosure, all these factors are considered W

r cabinet is<0'be judged with respect to the size, shape, and thickness of meg

7.1.6 Anop

e
be located so}hat it does not vent into concealed spaces of a building structure such as into

space, into hdllow spaces in the wall, and the like when the heater is installed as intended|

ing forventilation in the enclosure of a heater or in an externally mounted cg

ns of the two

haged through

Ceptability are:

bistance to distortion at temperatures to which the enclosure may be subject¢d under

ith respect to

tal. See 7.3.1.

mponent shall
a false-ceiling

Exception:

This requirement does not apply to an opening for a mounting screw or nail, or for a

manufacturing operation (such as paint drainage) if the opening has no dimension more than 17/64 inch
(6.75 mm) or an area no more than 0.055 square inch (35.49 mm@).
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7.1.7 An opening for ventilation in the enclosure, other than in the bottom, shall be provided with one or
more baffles that will reduce the likelihood of the emission of flame, molten metal, burning insulation, or
the like from the boiler. A baffle as illustrated in Figure 7.1 located between an electrical part and an
opening is considered to be acceptable.

Exception No. 1: In a compartment other than the one that houses a motor-overload relay or
overcurrent-protective device, such as a fuse or circuit breaker, the baffles mentioned above may be
omitted if:

a) No ventilating opening in a vertical wall is more than 3/8 inch (9.5 mm) wide; or

b) The enclosure is constructed so that it is found to be acceptable by short-circuit tests in

P2 H1 el rH Inda)
accorgéatreewn—oeettoroo:

Exception No) 2: Louvers in a vertical wall are acceptable without baffling if:
a) The width of each opening is not more than 3/8 inch (9.5 mm); and

b) THere is no direct line-of-sight to a motor-overload relay or overcutrent-protectiye device.

Figure 7.1
Relationship of baffle and electrical part

ELECTRICAL
PART — T

— — “BAFFLE —»
ENCLOSURE
OPENING

EC110
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7.2 Doors and covers

7.2.1 The door or cover of an enclosure shall be provided with means for holding it securely in place in
the closed position.

7.2.2 The door or cover of an enclosure shall be hinged if:

a) It gives access to any fuse, circuit breaker, or manual reset temperature control in other than

a low-

voltage circuit; and

b) Uninsulated live parts are exposed during the routine replacement of the fuse or resetting of

the manual rese

(see 7
expos
tool o

Exception: A

a) Cd
circuit

b) An

7.2.3 The ca
uninsulated iy
An arrangeme
are provided ¢

7.2.4 A door
device in othe
around the op

t device. Such a door or cover shall also be provided with an auto

ed inside the enclosure, a captive screw or equivalent means, which require
key to open, shall be provided to secure the door or cover in place. See 7.2

hinged cover is not required for a device in which the only fuses enclosed 3

ntrol-circuit fuses, provided the fuses and control-circuit loads\(other than a
load, such as a pilot lamp) are within the same enclosuré; or

extractor-type fuse with its own enclosure.

ptive screw may be omitted from the door or:cover over the compartmen
e parts if it is provided in the cover that must be‘opened to gain access to the
nt employing two mating hinged doors is acceptable if the automatic latch and
nly on one door if:

at door is to be opened first and closed last; and

e latch and screw will hold the-other door closed.

Dr cover giving access to-a fuse, circuit breaker, overload relay, or other overl

r than a low-voltage Gircuit shall be tight-fitting and shall overlap the surface of
ening.

7.2.5 A sprin

matic latch
older are

5 the use of a
p.3.

re:

ixed control-

t housing the
door or cover.
captive screw

pad-protective
the enclosure

latch, a magnetic latch, a dimple, or any other mechanical arrangement that will hold the

door closed gnd requifes-some effort on the user’s part to open it is considered to be
means for holding the-door closed as required by 7.2.2.

an acceptable

7.2.6 A coverinterlocking mechanism is considered to comply with 7.2.2 if it:

a) Must be engaged in the closed position of the cover before parts are energized; and

b) Secures the cover in the closed position, when provided as the sole means for
door or cover closed.

securing the
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7.2.7 If an opening is provided for access to a control that is intended to be reset, adjusted, or otherwise
manipulated by the user or service personnel, it shall not be possible to contact live uninsulated or
film-coated insulated parts when examined in conjunction with Figure 7.2.

A live part beyon
considered to be
the opening and
drawn between tf
opening shall not
mm).

7.3 Enclosur

7.3.1 Sheet 1
enclosure thin

Figure 7.2
Acceptability of live part through adjustment opening
D0 _
£ \
OPENING .~ \
- ADJUSTABLE
7= [ !
— I
<~ t— |
> D+3 INCHES |
~ o (D+76mm) |
h ~N
|| SO/
LIVE
EC 120A PART

an opening that may be used in making an adjustment thatis considered to be a function of ug
accessible if a 1/16-inch (1.59-mm) diameter straight rodz¢annot touch the part when the rod ig
Mmoved to all positions possible without producing amangle of more than 30 degrees between f{
e center of the opening and the center of the face of the adjusting mechanism. The length of i
exceed the distance between the opening and:the face of the adjusting mechanism by more tha

e thickness

hetal that serves-asan electrical enclosure shall comply with Tables 7.1
her than specified-in Tables 7.1 and 7.2 shall comply with 7.1.1 with respect tq

er servicing is not
inserted through
he rod and a line
e rod beyond the
h 3.0 inches (76.2

and 7.2. An
the following:

Cation of thevenclosure;

nstruetion and location of components; and

h cfranat and vicidihy ~Af tha frama AnA AnAl~Ac e~
e-strength-and-rigidity-of-the-frame-and-enelosure-
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Table 7.1
Minimum thickness of sheet metal for electrical enclosures — carbon steel or stainless steel

Without supporting frame?

With supporting frame or equivalent
reinforcing?

Minimum thickness in inches (mm)

Maximum width? | Maximum length® | Maximum width® | Maximum length Uncoated Metal coated
inches (cm) inches (cm) inches (cm) inches (cm) (MSG) (GSQG)
4.0 (10.2) Not limited 6.25 (15.9) Not limited 0.020 (0.51) 0.023 (0.58)
4.75 (12.1) 5.75 (14.6) 6.75 (17.1) 8.25 (21.0) (24) (24)
6.0 (15.2) Not limited 9.5 (24.1) Not limited 0.026 (0.66) 0.029 (0.74)
7.0 (17.8) 8.75 (22.2) 10.0 (25.4) 12.5 (31.8) (22) (22)
8.0 (20.3) Not limited 12.0 (30.5) Not limited 0.032 (0.81) 0.034 (0.86)
9.0 (2297 15 (292) 370 (3370) IIsAY (24070) (207 {pO)
12.5 (318) Not limited 19.5 (49.5) Not limited 0.042 (1.07) 0J045 (1.14)
14.0 (356) 18.0 (45.7) 21.0 (53.3) 25.0 (63.5) (18) (I'8)
18.0 (457) Not limited 27.0 (68.6) Not limited 0.053 (1.35) 04056 (1.42)
20.0 (508) 25.0 (63.5) 29.0 (73.7) 36.0 (91.4) (16) (16)
22.0 (55P) Not limited 33.0 (83.8) Not limited 0.060 (1.52) 04063 (1.60)
25.0 (636) 31.0 (78.7) 35.0 (88.9) 43.0 (109.2) (15) ('5)
25.0 (635) Not limited 39.0 (99.1) Not limited 0.067 (1.70) 0Jo70 (1.78)
29.0 (73]7) 36.0 (91.4) 41.0 (104.1) 51.0 (129.5) (14) (14)
33.0 (831B) Not limited 51.0 (129.5) Not limited 0.080 (2.03) 0{084 (2.13)
38.0 (966) 47.0 (119.4) 54.0 (137.2) 66.0 (167.6) (13) (13)
42.0 (106(7) Not limited 64.0 (162.6) Not Jimited 0.093 (2.36) 04097 (2.46)
47.0 (11914) 59.0 (149.9) 68.0 (172.7) 84.0 (213.4) (12) (12
52.0 (13241) Not limited 80.0 (203.2) Not limited 0.108 (2.74) 0J111 (2.82)
60.0 (15214) 74.0 (188.0) 84.0 (213.4) 103.0 (261.6) (11) (1)
63.0 (16010) Not limited 97.0 (246:4) Not limited 0.123 (3.12) oj126 (3.20)
73.0 (185 4) 90.0 (228.6) 103.0 (261:6) 127.0 (322.6) (10) (10)

a A supporting flame is a structure of angle or channelor-a folded rigid section of sheet metal which is rigidly aftached to, and
has essentially the same outside dimensions as, thelenclosure surface and which has the torsional rigidity to resist the bending
moments which jmay be applied via the enclosuressurface when it is deflected. Constructions that are considerefl to have
equivalent reinfgrcing may be accomplished by designs that will produce a structure which is as rigid as one buflt with a frame
of angles or chahnels. Construction considefred to be without supporting frame includes:

1) A gingle sheet with single_formed flanges (formed edges);
2) A gingle sheet which jis eorrugated or ribbed; and
3) An|enclosure surfage loosely attached to a frame, e.g., with spring clips.

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

¢ For panels which are-notSupported along one side, e.g., side panels of boxes, the length of the unsupported
limited to the dimensions specified.

d Sheet steel fof] ah.enclosure intended for outdoor use is required to be not less than 0.034 inch (0.86 mm) in {hickness if

ide shall be

metal coated and not less than 0.032 inch (0.81 mm) in thickness if uncoated.
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Table 7.2
Minimum thickness of sheet metal for electrical enclosures — aluminum, copper, or brass
Without supporting frame? With supporting frame or equivalent Minimum thickness
reinforcing?
Maximum width® Maximum length® Maximum width® Maximum length
inches (cm) inches (cm) inches (cm) inches (cm) inches (AWG)
(mm)
3.0 (7.6) Not limited 7.0 (17.8) Not limited 0.023¢ (22)
3.5 (8.9) 4.0 (10.2) 8.5 (21.6) 9.5 (24.1) (0.58)
4.0 (10.2) Not limited 10.0 (25.4) Not limited 0.029 (20)
5.0 (12.7) 6.0 (15.2) 10.5 (26.7) 13.5 (34.3) (0.74) (18)
6.0 +5-23 NetHrited +4-6 {35-6% Netmited 5-53; (18)
6.5 16.5) 8.0 (20.3) 15.0 (38.1) 18.0 (45.7) (0:91
8.0 20.3) Not limited 19.0 (48.3) Not limited 0.044 (16)
9.5 24.1) 11.5 (29.2) 21.0 (58.3) 25.0 (63.5) (1.14]
12.0 30.5) Not limited 28.0 (71.1) Not limited 0.054 (14)
14.0 35.6) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0) (1.47]
18.0 45.7) Not limited 42.0 (106.7) Not limited 0.074 (12)
20.0 50.8) 25.0 (63.5) 45.0 (114.3) 55.0 (139.7) (1.91
25.0 63.5) Not limited 60.0 (152.4) Notlimited 0.094 (10)
29.0 73.7) 36.0 (91.4) 64.0 (162.6) 78.0 (198.1) (2.41
37.0 94.0) Not limited 87.0 (221.0) Not limited 0.129 (8)
42.0 (106.7) 53.0 (134.6) 93.0 (236.2) 114.0 (289.6) (3.10]
52.0 (132.1) Not limited 123.0 (312.4) Not limited 0.15 (6)
60.0 (152.4) 74.0 (188.0) 130.0 (380:2) 160.0 (406.4) (3.89
a A supporting flame is a structure of angle or channel or a folded rigid section of sheet metal which is rigidly aftached to, and
has essentially the same outside dimensions as, the enclosuressurface and which has the torsional rigidity to resist the bending
moments which jmay be applied via the enclosure surface when it is deflected. Constructions that are considerefl to have
equivalent reinfdrcing may be accomplished by designs that will produce a structure which is as rigid as one buflt with a frame
of angles or chahnels. Construction considered to be without supporting frame includes:
1) A single sheet with single formed flanges (formed edges);
2) A single sheet which is corrugated or ribbed; and
3) An enclosure surface loosely attached to a frame, e.g., with spring clips.
b The width is tHe smaller dimension of@-téctangular sheet metal piece which is part of an enclosure. Adjacent surfaces of an
enclosure may Have supports in comimoh ‘and be made of a single sheet.
¢ For panels which are not supported/along one side, e.g., side panels of boxes, the length of the unsupported $ide shall be
limited to the dimensions specifieth
d Sheet copper, [orass, or altyminum for an enclosure intended for outdoor use is required to be not less than 0.¢29 inch in
thickness.

7.3.2 With refererice to 7.3.1(a), the surface of an enclosure which will be protected from|damage shall
not be less t i 1less a lesser

thickness meets the requirements in Tables 7.1 and 7.2. See 7.1.5 and 12.1.

7.3.3 With reference to 7.3.1(b), the minimum thickness of an enclosure is able to be less

than specified

in Tables 7.1 and 7.2 for the size enclosure as indicated below. The thickness is not to be less than 0.026
inch (0.66 mm) uncoated steel or 0.029 inch (0.74 mm) coated steel or 0.036 inch (0.91 mm) aluminum,

copper, or brass unless a lesser thickness meets the requirements in Tables 7.1 and 7.2.
12.1.

See 7.1.5 and

a) When the electrical components are located at least 2-1/2 inches (64 mm) from the
enclosure surface, the minimum thickness is to be the value indicated in the first line above the

normal value.
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b) When the electrical components are located at least 5 inches (128 mm) from the enclosure
surface, the minimum thickness is to be the value indicated in the second line above the normal

value.

7.3.4 With reference to 7.3.1(c), consideration is to be given to the degree of deflection or distortion which
may affect the requirements of 7.1.1.

7.3.5 The enclosure of a boiler shall prevent molten metal, burning insulation, flaming patrticles, or the like
from falling on combustible materials, including the surface upon which the boiler is supported.

7.3.6 The specifications in 7.3.5 require use of a barrier of nonflammable material:

a) Und

b) Un
wires

A switch, tran|
except at term
fire, or unless

£ 1
Ol A TTTULIUT UlliCoo.

1) The structural parts of the motor or of the boiler provide the equivalent
barrier;

2) The motor is provided with a thermal motor protector (a protective devi
sensitive to both temperature and current) that prevents the\temperature o
windings from becoming more than 125°C (257°F) undér the maximum log
which the motor runs without causing the protector to eycle, and from bec
than 150°C (302°F) with the rotor of the motor locked; or

3) The protection provided with the motor is-stich that no burning insulatio

of such a

ce that is
f the motor
d under
bming more

n or molten

material falls to the surface that supports the"heater when the motor is engrgized under

each of the following fault conditions:
i) Open main winding;
i) Open starting winding;
ii) Starting switch~short-circuited; and
iv) Capacitor of a permanent split capacitor motor short-circuited.

der wiring, unless it is of the flame retardant type. Neoprene or thermoplasti
are considered to be of this type.

sformer;-relay, solenoid, or a similar device shall be individually and compl
inals, unless it is determined that malfunction of the component does not res
there are no openings in the bottom of the enclosure. An opening in the

C insulated

btely enclosed
ult in a risk of
bottom of the

enclosure does not meet the intent of the requirement when it is located directly below field or factory

made splices,

or overload or overcurrent protective devices.

Exception: A bottom barrier is not required when the unit is marked in accordance with 57.21.
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7.3.7 The barrier mentioned in 7.3.6 shall be horizontal, shall be located as indicated in Figure 7.3, and
shall have an area not less than described in Figure 7.3. Openings for drainage, ventilation, and the like
may be employed in the barrier, provided that such openings do not permit molten metal, burning
insulation, or the like to fall on combustible material.
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A — Region to be
unshielded portio!

B — Projection of

Figure 7.3
Location and extent of barrier

C

EB120A

shielded(by)barrier. This will consist of the entire component if it is not otherwise shielded, and
h of a‘€omponent which is partially shielded by the component enclosure or equivalent.

will consist of the

i £ 4 [ 1ol ol
ttie- O CoOmponehtT oo ftZotarprane:

C — Inclined line that traces out minimum area of barrier. When moving, the line is always:

1) Tan

gent to the component;

2) 5 degrees from the vertical; and

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

D — Location (horizontal) and minimum area for barrier. The area is that included inside the line of intersection traced out by the

inclined line C an

d the horizontal plane of the barrier.
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7.4 Live parts

7.4.1 An electrical part of a boiler shall be so located or enclosed that protection against unintentional
contact with uninsulated live parts is provided.

7.4.2 With respect to 7.4.1, to reduce the likelihood of unintentional contact that involves a risk of electric
shock from an uninsulated live part or film-coated wire, an opening in an enclosure shall comply with either
(a) or (b):

a) For an opening that has a minor dimension (see 7.4.6) less than 1 inch (25.4 mm), such a
part or wire shall not be contacted by the probe illustrated in Figure 7.4.

b) F art U'JUII;IIH that hao A III;IIUI d;IIIUIIO;UII Uf 4I ;Ilklh T mUIU, ouuh [=} Ha.lt A\ A A re Sha” be

spaced from the opening as specified in Table 7.3.

Exception: This requirement does not apply to a motor that already complies with 7/4.3.
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PA100A

Figure 7.4
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Table 7.3

Minimum acceptable distance from an opening to a part that may involve a risk of electric shock

Minor dimension? or opening Minimum distance from opening to part
inches (mm)P inches (mm)P
3/4 (19.1)¢ 4-1/2 (114.0)
1 (25.4)° 6-1/2 (165.0)
1-1/4 (31.8) 7-1/2 (190.0)
1-1/2 (38.1) 12-1/2 (318.0)
1-7/8 (47.6) 15-1/2 (394.0)
2-1/8 (54.0) 17-1/2 (444.0)
36 762.0)
a8 See 7.4.6.
b Between 3/4 irffch (19.1 mm) and 2-1/8 inches (53.9 mm), interpolation is to be used to determine a value between values
specified in the fable.
¢ Any dimension| less than 1 inch (25.4 mm) applies to a motor only.
d More than 2-1/8 inches (53.9 mm), but not more than 6 inches (152.0 mm).

7.4.3 With re
mentioned in

a) An
accep

b) An

or wir

spect to a part or wire as mentioned in 7.4.2, in an integral enclosure
he Exception to 7.4.2:

opening that has a minor dimension (see 7.4.6) fess than 3/4 inch (19.1 mnp
table if:

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

2) In a directly accessible motor.(see 7.4.7), an uninsulated live part cann
contacted by the probe illustrated in Figure 7.7; and

3) In an indirectly accessible motor (see 7.4.7), an uninsulated live part ca
contacted by the probetillustrated in Figure 7.5.

opening that has a_minor dimension of 3/4 inch (19.1 mm) or more is accep
b is spaced from(the opening as specified in Table 7.3.

f a motor as

) is

7.6;

pt be

nnot be

table if a part
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Figure 7.5

Probe for uninsulated live parts
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Figure'7.6
Probe for film coated wire
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Figure 7.7
Articulate probe
Stop plate
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7.4.4 The propes mentioned in 7.4.2 and 7.4.3 and.illustrated in Figures 7.4 — 7.7 shall be japplied to any

depth that th
through the o
Figures 7.4 ar
be changed a

7.4.5 The prg
accessibility p|
to be applied

7.4.6 With re'lerence torthe requirements in 7.4.3 and 7.4.3, the minor dimension of an

diameter of t
opening.

!

opening will permit; and shall be¥otated or angled before, during, and
ening to any position that is negessary to examine the enclosure. The probg
d 7.7 shall be applied in any.possible configuration, and if necessary, the con
ter insertion through the opening.

bes mentioned in 7,44 and 7.4.6 shall be used as measuring instruments

rovided by an opening, and not as instruments to judge the strength of a mat
ith the minimum-force necessary to determine accessibility.

e largesty cylindrical probe having a hemispherical tip that can be inserte

7.4.7 With re

A indiranth;, an~ncainlA At~y | maoto

after insertion
s illustrated in
iguration shall

5 to judge the
brial. They are

bpening is the
d through the

Aneon tn thn racpeArmaAnta 10 7 4 2 d
LB ar v <

that is:

o o
THCTTo e oo o ieritoTiT y Al o ooty o ooToTCTTotoT— oo Tt

a) Accessible only by opening or removing a part of the outer enclosure, such as a guard or

panel,

that can be opened or removed without using a tool; or

b) Located at such a height, or is otherwise guarded or enclosed, so that it is unlikely to be
contacted.

A directly accessible motor is a motor that can be contacted without opening or removing any part, or is

located so as

to be accessible to contact.
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7.4.8 During the examination of a boiler in connection with the requirements in 7.4.2 or 7.4.3, a part of
the outer enclosure that may be removed without the use of tools by the user of the boiler to permit the
attachment of accessories, to allow access to means for making operating adjustments, or for other
reasons, is to be disregarded; that is, it will not be assumed that the part in question affords protection
against the risk of electric shock. A warning marking as specified in 48.8 is not considered to reduce
against this risk of electric shock.

7.4.9 With reference to the requirements in 7.4.2 and 7.4.3, insulated brush caps are not required to be
additionally enclosed.

8 Protection of Service Personnel

8.1 An UnlnSL :CltUd :IVU palt, Al Id IIIUV;I IB pai‘to vv;th;u thc A=l IU:UOUIU :IIT\U:_Y tU UAUOUT ;Iljuly tU f. ersons, Wthh
require examipation, adjustment, servicing or maintenance while energized, shall be located, guarded, or
enclosed to minimize unintentional contact by service personnel performing servicé“\fungtions that are
performed with the equipment energized.

8.2 Mechanicgl service functions which have to be performed with the equipment enefgized include
adjusting watgr control valves, adjusting the setting of temperature or pressure controls, resetting control
trip mechanism, operating manual switches, oiling motors, and similaftasks. A factory set and sealed
control is not gonsidered to be adjustable.

8.3 The requirements in 8.1 are not applicable to mechanical‘service functions which ar¢ not normally
performed with the equipment energized. Such functions including opening of drain plug$, adjusting or
replacing drivg belts, and similar tasks.

8.4 Adjustabl¢ or resettable electrical controls or manual switching devices may be located or oriented
with respect t¢ uninsulated live parts so that manipulation of the mechanism for adjustment, resetting, or
operation is agcomplished in the normal direction:of access if uninsulated live parts or moying parts are:

a) Nat located in front (in the direction of access) of the mechanism; and

b) Ar¢ not located within 6 inches (152 mm) on any side or behind the mechanisn, unless
guardgd.

Only uninsulajed live parts involving a risk of electric shock are to be considered.

8.5 Accessibility and pretection from the likelihood of electric shock and personal injury mgy be obtained
by mounting the control components in an assembly so that unimpeded access is proyided to each
component thfough an access cover or panel in the outer cabinet and the cover of the comtrol assembly
enclosure with the following arrangement. See Figure 8.1. If this construction is used, the following criteria

apply:

a) The components shall be located with respect to the access opening in the outer cabinet so
that the farthest component in the assembly is not more than 14 inches (356 mm) from the
plane of this access opening;

b) Uninsulated live parts outside the control assembly projected clear space (except for live
parts within a control panel) or unguarded moving parts likely to cause injury to persons shall
be located no closer than 6 inches (152 mm) from any side of the access area. The projected
clear space is considered to be bounded on the sides by the projection of the smallest
rectangular perimeter surrounding the outside edge of the components or control enclosure
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when provided. The access area is considered to be bounded on the sides by the projection of
the perimeter of the access opening in the outer cabinet to the closest rectangular perimeter
surrounding the outside edge of the component or control enclosure;

¢) The volume projected by the projected clear space of the control assembly to the access
opening in the outer cabinet (within the access area) shall be completely free of obstructions,
including wiring;

d) Access to the components in the control assembly shall not be impeded in the direction of
access by other components or by wiring in this assembly; and

e) Extractor-type fuseholders and snap switches mounted through the control assembly

enC|O e-Srié oeTOCaret—SoO—1a TereistiRpeoea-aceess O—eSe—-C throughthe
opening in the outer cabinet and so that they are not immediately adjacent| to

lated live parts outside the control assembly enclosure, unless guarded Se¢ 8.5.
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Figure 8.1
Accessibility and protection
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8.6 Component or control assemblies which are rotated or otherwise displaced for service shall have the
electrical control components accessible for service as indicated by 8.1.

8.7 Other arrangements of location of components, guarding, or both shall have the electrical control
components accessible for service as indicated by 8.1.

8.8 The electrical components referred to in 8.9 and 8.10 include fuses, adjustable or resettable overload
relays, manual or magnetic motor controllers, magnetically operated relays, adjustable or resettable
pressure or temperature controllers, manual switching devices, and clock timers. Such components in a
low voltage circuit are to comply with the requirements of 8.1 in their relation to uninsulated live parts in

a line-voltage

8.9 Nonadjus

while energizg

the access pa
8.10 The follg

a) Co

are provided with suitable insulating overwraps, at least 1/32 ineh (0.8 mm) thick;

b) En
c) Te

d) In

q

J

8.11 There shall be a plainly marked “off” positionzon or adjacent to a switch of other than

contact type i
not de-energij
the switch is t

8.12 Electricd

unduly restriced. There shall be no.need to lift or remove unduly heavy parts, or reach to

remove heavy
the like, shall
physical size,
way when the

circuit and to moving parts.

d because they are located behind sub-bases or the equivalent and are“Ag
nel or panels are removed are not required to be accessible for service.

wing are not considered to be uninsulated live parts:

ils of controllers, relays and solenoids, and transformer windings, if the coils

closed motor windings;

'minals and splices with acceptable insulation; and

ulated wire.

the switch controls parts that might cause injury to persons. However, if th
e all parts (components) having-a risk of injury to persons, a marking locat
b indicate such a condition gxists with the switch in the “off” position.

| components in a boilershall be so located that access for servicing or repld
parts. Large panels which need to be removed for replacement of heating
be provided with) handles. If hinged doors are provided into two portions be

one above-the ‘other, a means shall be incorporated to maintain the upper g
lower doef-is opened.

P inaccessible
t visible when

and windings

a momentary
s switch does
bd adjacent to

icement is not
hrms length to
elements, and
cause of their
oor out of the
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9 Mechanical Assembly

9.1 A boiler or an externally mounted component shall be so assembled that it is not affected by vibration
of normal operation. Brush caps shall be tightly threaded or otherwise designed to prevent loosening.

9.2 A switch, lampholder, attachment-plug receptacle, motor attachment plug, or similar component shall

be mounted s

Exception No.

ecurely and shall be prevented from turning. See 9.3.

1: A component need not comply with this requirement when:

a) The switch is of a plunger or other type that does not tend to rotate when operated. (A
toggle switch is evaluated as subject to forces that tend to turn the switch during the intended

opera

b) Ms

c) Th
and

d) Og

Exception No
or indicator lig
rotation does

surfaces. For
device having

9.4 Uninsulat
motion results

9.5 Friction b
a properly apf

H £ 4l Halk)
orrourirre DVVI(UII/,
ans for mounting the switch reduce the risk that operation of the switch will

E spacings are not reduced below the minimum required values when the sy

eration of the switch is by mechanical means rather than‘direct contact by p|

2: A lampholder of a type in which the lamp is unable‘to be replaced (such
ht in which the lamp is sealed in a nonremovable$ewel) is not prohibited fro
ot to reduce the spacings below the minimum-required values.

example, a properly applied lock washershall be considered as a means o
a single hole mounting means fromdurning.

bd live parts shall be so mounted that they are prevented from turning or §
in a reduction of spacings pelow the minimum required spacing in 35.1.

btween surfaces shall not’be the sole means to prevent shifting or turning of
lied lock washer shall be considered to meet this requirement.

3

9.3 The means for preventing the turning mentioned in9.2 shall consist of more than fri

oosen it;

itch rotates;
ersons.

S a neon pilot

turning when

ction between
f preventing a

hifting if such

live parts, but
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10 Corrosion Protection

10.1 Iron and steel parts shall be protected against corrosion by painting, galvanizing, plating or other
equivalent means if the malfunction of such unprotected parts results in a risk of fire, electric shock, or
injury to persons.

Exception: Cast-iron parts, portions of heating element flanges exposed to air, and ASME coded
pressure vessels are not required to be protected against corrosion.

10.2 The sheath employed to enclose a heating element shall be of a metal resistant to corrosion by the
water in which the element is intended to be in contact.

11 Electrical

Stropiv-C ’ ‘p e rec-Boil

11.1 A boiler |ntended to be connected to a plumbing system by other than flexible nonmetallic hose shall

onal Electrical

have provision]
Code, NFPA 1

11.2 The loc4
be such that t

11.3 A termin
boiler as to be

11.4 A termin
all splices to
sides and a
opening shall
of terminal co

11.5 A termin
internal wiring|

for connection of one of the wiring systems that, in accordance with the Nat
70, would be appropriate for the boiler. See 15.1.

tion of a terminal box or compartment in which power supply~c¢onnections 4
nese connections can be readily inspected after the boilefis installed as inte]

prevented from turning with respect to the boiler:

al or splice compartment shall be complete_and shall enclose all field-wiring
be made in the field unless the boiler enclosure is otherwise complete, for
omplete bottom are provided when the “boiler is shipped from the factory
hot be located in the bottom of the terminal compartment. If provided, openin
mpartments shall be baffled.

al or splice compartment shallt-be so located that when conduit connections a
and electrical components:shall not be exposed to physical abuse or strain.

re made shall
nded.

al compartment intended for connection of a supply\yraceway shall be so aftached to the

terminals and
example, if all

A ventilating
js in the sides

'e being made

12 Field Wiring System Connections

12.1 Sheet metal to which a‘wiring system is to be connected in the field shall have an avefage thickness
no less than 0{053 inch (135 mm) if uncoated steel, no less than 0.056 inch (1.42 mm) if gaJvanized steel,
and no less thian 0.0724rch (1.83 mm) if nonferrous. For sheet metal and in an application ¢ther than part
of a wiring sygtem, see/Tables 7.1 and 7.2 for minimum acceptable thicknesses.

12.2 If threads*for the connection of conduit are tapped all the way through a hole in an gnclosure wall,
or if an equivalent construction is employed, there shall be not less than three or more than five threads
in the metal, and the construction of the device shall be such that a conduit bushing can be attached. If
threads for the connection of conduit are not tapped all the way through a hole in an enclosure wall,
conduit hub, or the like, there shall be not less than 3-1/2 threads in the metal and there shall be a smooth,
rounded inlet hole for the conductors that affords protection to the conductors equivalent to that provided
by a standard conduit bushing and having an internal diameter approximately the same as that of the
corresponding trade size of rigid conduit.



https://ulnorm.com/api/?name=UL 834 2019.pdf

APRIL 13, 2004 HEATING, WATER SUPPLY, AND POWER BOILERS - ELECTRIC - UL 834 29

12.3 A knockout in a sheet metal enclosure shall be reliably secured but shall be capable of being
removed without undue deformation of the enclosure.

12.4 A knockout shall remain in place when a force of 10 pounds (44.5 N) is applied at right angles to the
knockout by a 1/4 inch (6.4 mm) diameter mandrel with a flat end. The mandrel shall be applied at the
point most likely to cause movement of the knockout.

12.5 A knockout shall be provided with a flat surrounding surface for seating of a conduit bushing and
shall be so located that installation of a bushing at any knockout used during installation does not result
in spacings between uninsulated live parts and the bushing less than the spacings required by this

standard.

13 ProvisionsFer-Connections—To-Btsway

13.1 Means ¢
boiler, which s

13.2 The boil

13.3 Bus bar
sufficient cont
per square ing
200 amperes
cadmium, nic
amperes per
not in excess

13.4 When th
silver plated a
connecting h
having an out
the bolt diamg
shown in Figu

f connecting the busway terminal section to boiler bus bars shall be provided
hall include all mounting hardware such as bolts and nuts.

br shall be provided with all necessary openings for busway entrance.

5 provided within the boiler for connection to busways shall"have adequate
bt area. For copper bus bars, ampacity shall be determined on the basis of
h (645 mm?) of cross-sectional area, and contact area shall be determined ¢
per square inch (645 mm?2) of contact area. Alufainum bus bars shall be
el, or silver at all joints or terminal areas, ahd shall have an ampacity
bquare inch (645 mm?) of cross-section area,"and a current density at bolte
of 200 amperes per square inch (645 mmA);

e busway termination consists of aluminum bus bars, the boiler copper bus
the points of contact with the busway, and a spring washer shall be provided
rdware. A spring washer is a dished washer of stainless or hardened and t
br diameter not less than 150:percent of the bolt diameter, a thickness not le
ter, and dished not less-than 3-1/2 percent of the bolt diameter. A typical sp
re 13.1.

as part of the

ampacity and
1000 amperes
n the basis of
lated with tin,
based on 750
d plated joints

bars shall be
as part of the
bmpered steel
ss than 1/8 of
ring washer is
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Figure 13.1

Spring washer

|

0.D

>

‘ |

O
wn
I

——

S3099

connections afe to be made.

Thicknes®

Table 13.1

Spacings for busways

A

13.5 The minimum spacings shown in Table 13.}%‘shall be maintained at bus bars v

here busway

250 volts or less 251 - 600 volts

Locations Through air Over surface Through air Oveér surface

inch (mm) inch (mm) inch (mm) inch (mm)
Between live parts of 3/4 (19.1) 1-1/4 (31.8) 1 (25.4) 2 (50.8)
opposite polarfty
Between live parts and(dead- 1/2 (12.7) 1/2 (12.7) 1 (25.4) 1 (25.4)
metal parts

13.6 A minimum=of_1/4 inch (6 4 mm) fhrnllgh air or aver surface shall he maintained bhetween live parts

of opposite polarity and between live parts and dead metal parts with the busway installed as intended
with the furnished mounting hardware. Reference is to be made to busway drawings when the busway
terminal section is not available for examination.

13.7 A minimum of one access cover shall be provided to allow inspection of the busway installation.
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13.8 Boilers rated greater than 600 V shall not be buss bar connected.
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14 Field Wiring Terminals and Leads

14.1 A permanently connected boiler shall be provided with wiring terminals or leads for the connection
of supply conductors. Each terminal or lead shall be sized for connection of a branch-circuit conductor

having an ampacity no less than the noncontinuous load plus 125 percent of the continuous load.

Exception:
boiler when all of the following conditions are met:

a) The boiler is rated 50 kilowatts or more;

b) The boiler is intended for space heating;

The terminals or leads may be sized at not less than 100 percent of the current rating of the

c) The boiler is provided with supplementary overcurrent protection for the heating
and

d) The marking required by 57.19 is provided.

14.2 For the |purpose of these requirements, field-wiring terminals or leads are conside
terminals or lefads to which power-supply, equipment grounding, or contrel connections will &

elements;

red to be the
e made in the

field when the boiler is installed. It is to be assumed that 60°C (140°F)-wire will be used for connections

to a boiler ratgd at 80 amperes or less, and that 75°C (167°F) wire'will be used with a boilef
than 80 ampefes.

14.3 A field-Wiring terminal shall be provided with a soldering lug or with a pressure v
securely fastgned in place — for example, firmly boltedcor’held by a screw — except that
screw may bg employed at a wiring terminal intended to accommodate a 10 AWG (5.3 m
conductor if upturned lugs or the equivalent are proyided to hold the wire in position.

14.4 A field wiring terminal shall be prevented from turning or shifting in position by meg
friction between surfaces. This may be aceemplished by two screws or rivets, by square
mortises, by afconnecting strap or clip fitted into an adjacent part, by a dowel pin, lug, or offg
other equivalgnt method.

14.5 A wire-bjnding screw at g figld-wiring terminal shall not be smaller than No. 10, exce
screw may bg used at a tefminal intended only for connection to a 14 AWG (2.1 mm?)
control circuit$, a No. 6_screw may be used for the connection of a 16 or 18 AWG (1.3
control-circuit jconductor

rated at more

ire connector
B wire-binding
m?) or smaller

ns other than
shoulders or
et or by some

bt that a No. 8
conductor. In
or 0.82 mm?)

14.6 A field-wjiring terminal plate tapped for a wire-binding screw shall be of metal no less t
(1.27 mm) in thickness. There shall be no fewer than two full threads in the metal of the

T

plate.

an 0.050 inch

Exception: A plate no less than 0.030 inch (0.76 mm) in thickness is considered to meet the intent of this

requirement if the tapped threads have the required mechanical strength.

14.7 A field-wiring terminal plate formed from stock having the minimum required thickne

Ss as given in

14.6 may have the metal extruded at the tapped hole to provide two full threads for the binding screw.
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14.8 Upturned lugs or a cupped washer shall be capable of retaining a conductor of the size mentioned
in 14.1, but not smaller than 14 AWG (2.1 mm?2), under the head of the screw or the washer.

14.9 A wire-binding screw shall thread into metal.

14.10 A boiler intended for connection to a grounded power-supply conductor and employing a
lampholder of the Edison screw-shell type, a single-pole switch, or a single-pole automatic control shall
have one terminal or lead identified for connection of the grounded conductor. The identified terminal or
lead shall be connected to the screw-shell of the lampholder.

14.11 A terminal intended for the connection of a grounded conductor shall be of, or plated with, a metal
substantially white in color and shall be readily distinguishable from the other terminals, or proper
identification @ Fifa-shat-t showr—n—serme—othe eh
diagram.

14.12 A lead|intended for the connection of a grounded conductor shall be finished’to sHow a white or
gray color, and shall be readily distinguishable from the other leads. No other lead shall b¢ so identified.

14.13 The frge length of a lead inside an outlet box or wiring compartmentshall be 6 inches (152 mm)
or more if the|lead is intended for field connection to an external circuit!

Exception: The lead may be less than 6 inches (152 mm) if thiefield wiring supply cqnnections are
enclosed in a|motor terminal box or wiring compartment.

14.14 A knogkout for connection of a field-wiring system”to a terminal box or compartment shall
accommodatg conduit of the trade size determined by _applying Table 14.2.

Table 14.2
Trade size of.conduit in inches?
Wille size Number of wires
AWG (mm?) 2 3 4 5 6
14 (2.1) 1/2 1/2 1/2 1/2 1/2
12 (3.3) 1/2 1/2 1/2 3/4 3/4
10 (5.3) 1/2 1/2 3/4 3/4 3/4
8 (8.4) 3/4 3/4 3/4 1 1
6 (13%3) 3/4 3/4 1 1-1/4 1-1/4
4 (21.2) 1 1 1-1/4 1-1/4 1-1/4
3 (26.7) 1 1 1-1/4 1-1/4 1-1/2
2 (33.6) 1 1-1/4 1-1/4 1-1/2 1-1/2
1 (42.4) 1-1/4 1-1/4 1-1/2 2 2
1/0 (54.0) 1-1/4 1-1/2 2 2 2
2/0 (67.0) 1-1/2 1-1/2 2 2 2-1/2
3/0 (85.0) 1-1/2 2 2 2-1/2 2-1/2
4/0 (107.2) 2 2 2-1/2 2-1/2 2-1/2
MCM
250 127 2 2 2-1/2 2-1/2 3
300 152 2 2-1/2 2-1/2 3 3
350 177 2-1/2 2-1/2 2-1/2 3 3
400 203 2-1/2 2-1/2 3 3 3-1/2
500 253 2-1/2 2-1/2 3 3-1/2 3-1/2

Table 14.2 Continued on Next Page
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Table 14.2 Continued

Wire size

Number of wires

AWG

2

(mm?) 3 4 5

6

the cross-sectio

2 This table is based on the assumption that all conductors are of the same size and there are no more than 6 conductors in
the conduit. If more than 6 conductors are 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

nal area of Type THW wire.

15 Cord-Connected Boilers

15.1 A boiler which has no provision for connection to plumbing or condensate return, and is portable,

shall employ f

be of a type h

15.2 If a boilg

the cord for a
shall have ter

The cord inclU

15.3 If the bo
length of the ¢

15.4 If a flexik

of the fittings f
rated at more
boiler, and the
of the boiler.
Exception: A
15.5 Supplen

a) No

aving properties for the particular application.

tachment to the supply circuit. If a directly attached flexible corgyis)not provi
minals employing male blades, or the equivalent, that accommodates an ap
ding fittings shall not be less than 6 feet (1.8 m) long.

iler does not have a permanently attached flexible cafd, a cord set shall be
ord set, including fittings, shall not be less than 6 feet (1.8 m) long.

entary insulation, if employed on a flexible cord, shall:

t extend more thans1/2 inch (12.7 mm) outside the boiler unless provided wi

mechanical protection;

b) Be

c) No

15.6 A flexiblesupply cord shall be provided with strain relief if mechanical stress on the sul

prevented,from fraying or unraveling; and

t affectithe means for providing strain relief.

be transmitted to terminals, splices, or interior wiring.

Dr supply connections a length Type S, SO, ST, STO, HSO, or HSOO cord,-of

r is provided with a directly attached flexible cord, an attachment plug shall &

le cord or separate cord set is provided with a bgiler, the ampacity of the cord
por the boiler rated at 15 amperes or less shall not be less than that of the boilg
than 15 amperes, the ampacity of the cord shall not be less than the currer
current rating of the attachment plug shall not be less than 125 percent of the

20-ampere plug may be provided for a boiler rated not more than 4000 watf

the cord shall

e provided on
Hed, the boiler
bropriate plug.

provided. The

and the rating
er. For a boiler
t rating of the
current rating

s at 240 volts.

h additional

pply cord may

15.7 Means shall be provided to prevent the supply cord or lead from being pushed into the enclosure of

a heater throu

a) Su

gh the cord-entry hole when such displacement results in:

bjecting the supply cord or lead to mechanical damage;

b) Exposing the supply cord or lead to a temperature higher than that for which it is rated;

c) Reducing spacings (such as to a metal strain-relief clamp) below the minimum required
values; or
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d) Damaging internal connections or components.

To determine compliance, the supply cord or lead shall be tested in accordance with Section 53,
Push-Back Relief Test.

15.8 When tested in accordance with 15.9, the strain-relief means provided on the flexible cord shall
withstand for 1 minute, without displacement, a direct pull of 35, 50, or 100 pounds (154, 220, 446 N) as
described in 15.9, applied to the cord, with the connections within the boiler disconnected.

15.9 A 35, 50, or 100 pound (15.9, 22.7, or 45.4 kg) weight is to be suspended on a cord incorporating
16 or 18 AWG (1.3 or 0.82 mm?), 12 or 14 AWG (3.3 or 2.1 mm?), or greater than 12 AWG conductors
respectively and supported by the b0|Ier so that the stram rellef means WI|| be stressed from any angle
that the constit boiterpe e ofidisconnection

of the conduc]
have resulted

15.10 Atapo
shall be a busg
surface again

15.11 A sep

a motor or in [the enclosure of a capacitor attached to a motor (bUt*not elsewhere in a bg

indicated in 1

a) The bushing is not less than 3/64 inch (1.2 mm)‘thick; and

b) The bushing is located so that it will not be exposed to oil, grease, oily vapor, ¢
substances having a deleterious effect on the compound employed.

15.12 A bush
conjunction w
in which the b
16 Wiring Sp

16.1 The spg
distribution of

16.2 The wirg

nt where a flexible cord passes through an opening in a wall barriet-0r enclosi
hing equivalent that shall be secured in place, or the opening shall have a sm
5t which the cord may bear.

ate soft-rubber, neoprene, or poly-vinyl chloride bushing-may be employed i

.12) provided that:

ng of any materials mentioned«in’15.11 may be employed at any point in a b
th a type of cord for which anlinsulating bushing is not required, and if the edg

ushing is mounted are smQoth and free from burrs, fins, and the like.
ace
ce within the'enclosure of a boiler shall provide ample room for the in

wires and eablés required for the proper wiring of the device.

-bending/space from a field-wiring terminal to a wall of the enclosure and to

other obstrucfion\that is part of the boiler shall be as specified in Table 16.1, except

knockout, or

her provision for connection of a wiring system is provided in the wall opposi

fors, there is such movement of the cord to indicate that stress on the conr

ections would

ng case, there
ooth, rounded

h the frame of

iler except as

r other

oiler if used in

jes of the hole

stallation and

any barrier or
hat if a hole,
e the terminal

it will be considered to be obvious that a conductor will enter or exit the enclosure through that wall, and
the wire-bending space shall be as specified in Table 16.2.
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Table 16.1
Minimum width of gutter and wire-bending space®¢
Size of wire AWG or MCM Wires per terminal®
(mm?)

1 2 3 4 5

14 -10 (2.1 - 5.3) Not Specified - - - -

8-6 (8.4 —13.3) 1-1/2 (38.1) - - - -

4-3 (211 -26.7) 2 (50.8) - - - -

2 (33.6) 2-1/2 (63.5) - - - -

1 (42.4) 3 (76.2) - - - -

1/0 - 2/0 (53.5 — 67.4) 3-1/2 (88.9) 5(127) 7(178) - -

3/0 - 4/0 (85-6—+67) 4 62} 64+52) 8263} -

250 (127) 4-1/2 (114) 6(152) 8(203) 10(254) -

300 - 350 (152 = 177) 5 (127) 8(203) 10(254) 12(805) -
400 - 500 (203 — 253) 6 (152) 8(203) 10(254) 12(305) 14(356)
600 — 700 (304 — 355) 8 (203) 10(254) 12(305) 14(356) 16(406)
750 — 900 (380 — 456) 8 (203) 12(305) 14(356) 16(406) 18(457)

1000 — 1250 || (507 — 633) 10 (254) - - - -

1500 — 2000 || (760 — 1010) 12 (305) - % - -

@ The table incly
given further cof
® The main conr
determining the

des only those multiple-conductor combinations that are likely to b€ used. Combinations not mqg
sideration.

ection for a neutral is considered to be a terminal; that is, neutfal branch terminals are not incly
humber of wires per terminal.

ntioned may be

ded when

¢ For ampacitieq of 110 amperes or less, and if the boiler is marked to indicate the use of 60 or 75°C wire, the Wire bending
space shall be Hased on the use of 60°C (140°F) insulation wire.
Table*16.2
Wire-bending 'space at terminals
Wire size AWG or Minimum bending space, inches (mm)
MCM (mmP ) . .
Wires per terminal
1 3 4 or more
14-10 | (2.1 —5.3) Not spegcified - -
AWG

8 8.4) 1:1/2 (38.1) - -

6 13.3) 2 (50.8) - -

4 21.2) 3 (76.2) - -

3 26.7) 3 (76.2) - -

2 38.6) 3-1/2 (88.9) - -

1 427) 2172 (114) = -

1/0 (53.5) 5-1/2 (140) 5-1/2 (140) 7 -

2/0 (67.4) 6 (152) 6 (152) 7-1/2 -

3/0 (85.0) 6-1/2 (165) 6-1/2 (165) 8 -

4/0 (107) 7 (178) 7-1/2 (191) 8-1/2 -
250 (127) 8-1/2 (216) 8-1/2 (216) 9 10 (254)
300 (152) 10 (254) 10 (254) 11 12 (305)
350 177) 12 (305) 12 (305) 13 14 (356)
400 (203) 13 (330) 13 (330) 14 15 (381)
500 (253) 14 (356) 14 (356) 15 16 (406)
600 (304) 15 (381) 16 (406) 18 19 (483)

Table 16.2 Continued on Next Page
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Table 16.2 Continued
Wire size AWG or Minimum bending space, inches (mm)
MCM (mm? ) . .
Wires per terminal
1 2 3 4 or more
700 (355) 16 (406) 18 (457) 20 (508) 22 (559)
750 (380) 17 (432) 19 (483) 22 (559) 24 (610)
800 (405) 18 (457) 20 (508) 22 (559) 24 (610)
900 (456) 19 (483) 22 (559) 24 (610) 24 (610)
1000 (507) 20 (508) - - -
1250 (633) 22 (559) - - -
1500 760) 27 (670) = = -
1750 887) 24 (610) - - -
2000 (1o10) 24 (610) - - -
16.3 If a confluctor is restricted by barriers, branch-circuit units, or other meanhs from bging bent in a
90-degree or B-bend from the terminal to any usable location in the wall of the-enclosure, the distance is

to be measurgd from the end of the barrier or other obstruction.

16.4 The disfance mentioned in 16.2 is to be measured in a straight line from the edg

turned so that|the axis of the wiring opening in the connector is as close to perpendicular to
enclosure as possible without defeating any reliable means-provided to prevent its turnir
boss, shouldef, walls of a recess, multiple bolts securing the‘connector, or the like. A barrig
the like is to bg disregarded when the measurement is being made if it does not reduce the 1
the wire must|be bent. The main connection for a neutral is considered to be a terminal —
branch terminfals are not considered in this detefmination. If a terminal is provided with
connectors fof the connection of conductors in“multiple, the distance is to be measured
opening closgst to the wall of the enclosure.-f the connectors for a circuit are fixed in
example, by the walls of a recess — so that they are turned toward each other, the dis
measured at the wire opening nearestt0.the wall in a direction perpendicular to the wall.

Exception: Side bending space«may be measured in a straight line from the center of the
in the directioh the wire leaves. thé terminal. The connector is not to be oriented so that t
directed into g corner of the.box to such extent that the transverse wall would necessi
bending.

16.5 A terminpl compartment is considered to be a space into which wires are brought only
to terminals ir] that_space.

je of the wire

t to the wall in a direction perpendicular to the wallor barrier. The wire tefminal is to be

the wall of the
g— such as a
r, shoulder, or
adius to which
hat is, neutral
one or more
from the wire
position — for
ance is to be

e wire opening
he wire will be
fate additional

for connection
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17 Stability

17.1 The stability of a cord-connected boiler shall be such that it does not overturn when tilted 10 degrees
from its intended freestanding position with all doors opened. The boiler is not to be bolted to other units
or secured to the floor or other part of the building while its stability is being determined.

18 Current-Carrying Parts

18.1 Metal employed for a current-carrying part shall be acceptable for the application. Plated iron or steel
may be used for current-carrying parts when the temperature of which during normal operation is more
than 100°C (212°F), but plain (unplated) iron or steel shall not be used regardless of temperatures. A
copper conductor, unless tinned, nickel-coated, silver-plated, or otherwise protected, shall not be
subjected to 3 . f ia an a8 Sstfe mtrat-eontector, or to a
temperature rjse of more than 175°C (315°F) elsewhere. Stainless steel and other coripsion-resistant
alloys may be| used for current-carrying parts regardless of temperature.

_____ = = i ara-—tkha QO araoe = =

Exception: Ipn or steel, when provided with an acceptable corrosion-resistanteoating, may be used for
a current-carrying part as follows:

a) Within a motor or associated governor;

b) On a control device; or

c) Fof a heating element assembly, including its terminations.
19 Internal Wiring
19.1 General

19.1.1 The internal wiring of a boiler shallxgonsist of wires of a size rated for the application when
considered with respect to:

a) The temperature and voltage to which the wiring is likely to be subjected;
b) Its|exposure to oil ar grease; and
c) Other conditions of service to which it is likely to be subjected.

19.1.2 For th¢ purpese’ of these requirements, the internal wiring of a heater is considerefd to be all the

interconnecting wiring beyond the wiring terminals or leads for field-wiring connections even though some
of it is not completely enclosed or is in the form of flexible cord.

19.1.3 Except as specified in Table 42.1, there is no temperature limit applicable to a conductor provided
with beads of noncarbonizable material. The number and arrangement of beads shall be such as to
maintain spacings in accordance with Table 35.1. A conductor utilizing beads shall not be used outside
an enclosure.
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19.1.4 Insulated wire employed for internal wiring shall be standard building wire, fixture wire, flexible
cord, or appliance wiring material acceptable for the application. See 19.1.5 — 19.2.9.

19.1.5 Building wire for internal wiring include rubber-insulated conductors such as Types RH, RHH, and
RHW,; thermoplastic-insulated conductors such as Types T, TW, THHN, THWN, a MTW, crosslinked
polyethylene-insulated conductors such as Type XLP, and silicone rubber insulated conductors such as
Type SRO.

19.1.6 Fixture wire for internal wiring includes rubber-insulated conductors such as Types RFH-2, SF-2,
SFF-2, and FFH-2; and thermoplastic-insulated conductors such as Types TF, TFF, TFN, and TFFN.

19.1.7 Flexible cord for internal wiring includes Types HPN, HS, HSJ, HSJO, HSO, S, SJ, SJO, SJT,

SJTO, SO, STS5Ho5P-2-5P-3-SPF2and-SP+3-
19.1.8 Appliapce wiring material used for internal wiring shall have thermoplastic ingulation| not less than:

a) 1/3
b) 3/6

c) 1/1

19.2 Method$

2 inch (0.8 mm) thick for 18 — 10 AWG (0.82 — 5.3 mm?);
4 inch (1.2 mm) thick for 8 AWG (8.3 mm?); or

6 inch (1.6 mm) thick for 6 — 2 AWG (13.3 — 33.6 mm?).

19.2.1 The wjring and connections between external parts.of a boiler shall be protected or enclosed,
except that if [flexibility of the wiring is essential, flexibleseord (see 15.1) may be employed for external
interconnectiops, or for internal connections that may\be exposed during servicing.

19.2.2 Interng
protected as
comply with 7|
be protected ¢
to stress.

19.2.3 If the

| wiring that is exposed through an‘Opening in the enclosure of a boiler is co
required by 19.2.1 if, when judged as though it were film-coated wire, the
4.1 and 7.4.2. Internal wiring:within an enclosure that can be touched with t

wiring of a boiler is located so that it could be in proximity to combustib

subjected to fnechanical damage, it shall be in metal-clad cable, rigid metal conduit, ele

tubing, metal

19.2.4 Wiring
parts, and oth

aceway, orsimilarly protected.

shall be-protected from sharp edges (including male screw threads), burrg
er features that might abrade the insulation on conductors.

hsidered to be
wiring would
he probe shall

r guarded so that it cannotbe grasped or hooked in a manner that would syibject the wire

le material or
ctrical metallic

, fins, moving

19.2.5 A hole through which insulated wires pass in a sheet metal wall within the overall enclosure of a
boiler shall be provided with a smooth, rounded bushing, or shall have smooth, rounded surfaces upon
which the wires may bear, to prevent abrasion of the insulation. A flexible cord used for external
interconnection as mentioned in 19.2.1 shall be provided with bushings and strain relief in accordance with
19.2.7 and 19.2.8, unless the construction is such that the cord will be protected from stress or motion.
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19.2.6 When there is risk of relative motion between the insulated wire and the metal surrounding the
opening through which the wire passes because of expansion and contraction of the metal resulting from
changes in temperature, the openings shall be fitted with an insulating bushing or the equivalent.

19.2.7 Strain relief shall be provided so that mechanical stress on a flexible cord is not transmitted to
terminals or splices as determined by 15.9.

19.2.8 Means shall be provided to restrict that flexible cord from being pushed into the enclosure through
the cord entry hole if such displacement is likely to subject the cord to mechanical damage or to expose
the cord to a temperature higher than that for which it is rated, or if it is likely to reduce spacings, such as

to a metal strain-relief clamp, below the minimum acceptable values.

19.2.9 A boilg

ball kL

for accepting
metal racewa
with the Natio

20 Splices

20.1 All splic
soldered conn

Taacl-af 1 H P~ 3 dad-tao-lbatind daal o o £ o1l
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field-wired conductors between the units. The boiler shall be constructed-s
, armored cable or the like can be employed for connection of such wiring
hal Electrical Code, ANSI/NFPA 70.

bs and connections shall be mechanically secured and shall provide electri
ection shall be made mechanically secure before being seldered if breaking ¢

the connection results in a risk of fire or electric shock.

20.2 A splice
spacing betwsg

20.3 Insulatig
of friction tap
insulation con
to be given

characteristics

20.4 The me

strands of wirI

contact dead
soldering lugs

shall be provided with insulation equivalent to-that of the wires involved if p
en the splice and other metal parts may not bé maintained.

h consisting of two layers of friction tape,“two layers of thermoplastic tape, ¢
b on top of one layer of rubber tape,*is acceptable on a splice. In detern
Sisting of coated-fabric, thermoplastic, or other type of tubing is acceptable, ¢
o such factors as its dielectric properties, heat-resistance and moistd
, and the like. Thermoplastic\tape shall not be wrapped over a sharp edge.

ns of connecting standard internal wiring to a wire-binding screw shall be s
cannot contact other. live parts that are not always of the same polarity as th

Ave provisions
b that conduit,
n accordance

cal contact. A
r loosening of

ermanence of

r of one layer
ining if splice
bnsideration is
re-resistance

uch that loose
e wire, or that

metal parts. Thisymay be accomplished by the use of pressure termingl connectors,

crimped eyeléts, soldering all strands of the wire together, or other equivalg

nt means.
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21 Separation of Circuits

21.1 Unless provided with insulation rated for the highest voltage involved, conductors of different circuits
(internal wiring, including wires in a terminal box or compartment) shall be separated by barriers or shall
be segregated and shall, in any case, be separated or segregated from uninsulated live parts connected
to different circuits.

21.2 Segregation of insulated conductors shall be accomplished by clamping, routing, or an equivalent
means that maintains permanent separation from insulated or uninsulated live parts of a different circuit.

21.3 Field-installed conductors of any circuit shall be segregated by barriers from:

a) FI’ :d ;IIOtG”Gd al Id fGUtUIy ;IIDtG”Ud UUIT |duutulo Uf G.Ily UthUl U;qu;t, UII:UOO thc U ndUCtorS Of
both gircuits are insulated for the maximum voltage of either circuit, and except‘as|noted in
21.5.

b) Uninsulated live parts of any other circuit of the boiler, and from anywhinsulated live parts
the short-circuiting of which would result in operation of the boiler thaticould causq a risk of fire,
electric shock, or injury to persons, except that:

1) A construction in which field-installed conductors'r may make contact with wiring
terminals is acceptable provided that Type T or equivalent conductors are |or will be
installed; and

2) A construction in which field-installed conductors that do or may have ipsulation less
than the types of wire mentioned in (1)ymay make contact with low-voltagq wiring
terminals provided that the short-circuiting of such terminals would not reslt in
operation of the boiler that could.cause a risk of fire, electric shock, or injury to persons.

21.4 With respect to 21.3(a), a removable bafrier or one having openings for the passage|of conductors
may be emplqyed, provided adequate instructions for the use of the barrier are a permangent part of the
appliance. If fomplete instructions in-conjunction with a wiring diagram will provide fon the intended
separation of the high and low-voltage-circuits, the barrier may, upon investigation, be omifted.

21.5 Segregation of field-installeg" conductors from other field-installed conductors and from uninsulated
live parts of the boiler connected to different circuits may be accomplished by arranging the [location of the
openings in the enclosure-for the various conductors (with respect to the terminals or other uninsulated
live parts) so that there-witt be no intermingling of the conductors or parts of different circuits| If the number
of openings in the enclosure does not exceed the minimum required for the intended wiring of the boiler,
and if each gpening is located opposite a set of terminals, it is to be assumed for the purpose of
determining cpmpliance with 19.2.5 that the conductors entering each opening will be copnected to the
terminals opposite the opening. If more than the minimum number of openings is provided, the possibility
of conductors entering at points other than opposite the terminals to which they are intended to be
connected and contacting insulated conductors or uninsulated current-carrying parts connected to a
different circuit is to be investigated. To determine whether or not a boiler complies with the requirements
in 19.2.5, it is to be wired as it would be in service, and in doing so, a reasonable amount of slack is to
be left in each conductor within the enclosure, and no more than average care is to be exercised in
stowing this slack in the wiring compartment.
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22 Barriers

22.1 A barrier used to provide separation between the wiring of different circuits shall be of metal or other
material, of adequate mechanical strength if exposed or otherwise likely to be subjected to mechanical
damage, and securely held in place. Openings in a barrier for the passage of conductors shall not be
larger in diameter than 1/4 inch (6.4 mm) and shall not exceed in number, on the basis of one opening
per conductor, the number of wires that will need to pass through the barrier. The closure for any other
opening shall present a smooth surface wherever an insulated wire may contact it and the area of any
such opening, with the closure removed, shall not be larger than required for the passage of the
necessary wires.

22.2 A barrier of metal or of insulating material shall not be less than 0.028 inch (0.71 mm) thick, or shall
be of greater

hial H S aaf £ 1N P~ HI Laobadl i daf £ Y
FMTURNTTC OO 1T Tlo UTTUTTTTIAtuuUTTiITiay Vo 1oaully ALUUTTIPITOTNTCU tU Ut iTvatl 1o YyuirpuUor.

23 Heating Blements

23.1 A heating element shall be securely supported. It shall be protected againstiriechanical damage and

contact with o

23.2 In deter
be given to sg

a) Cqg

b) Fldg
boiler

23.3 A wrap-around element shall be secured in place so that it cannot loosen. An investi

necessary to
24 Electrical
24.1 Insulatin

for the mounti
by the temper

utside objects.

hining whether a heating element complies with the requirement in 23.1, con
gging, opening, and other adverse conditions of the element resulting from:

ntinuous heating; or

xing of the element supports, or related wiring due to alternate heating and

jetermine whether the constructionicomplies with this requirement.
Insulation
g washers, bushings, and’the like, that are integral parts of a boiler, and bas

ng of current-carryingparts shall be of a moisture-resistant material that will ng
htures to which thiey will be subjected under conditions of actual use. A molde]

sideration is to

cooling of the

jation may be

PS Or supports

t be damaged
d part shall be

constructed s¢ that it will have the mechanical strength and rigidity necessary to withstand the stresses of

actual service

24.2 Insulatin
mica, some n

sole support

pfulive parts; and some other materials that are not for general use, such

0 matetial employed in a boiler is judged with respect to its application. Ma]e

rials such as

olded~compounds, and certain refractory materials, are usually acceptable for use as the

S magnesium

oxide, may be considered to be acceptable if used in conjunction with other insulating materials or if
located and protected so that mechanical damage is prevented and the absorption of moisture is
minimized. When it is necessary to investigate a material to determine whether or not it complies with the
standard, consideration is to be given to its mechanical strength, dielectric strength, insulation resistance,
heat-resistant qualities, the degree to which it is enclosed or protected, and any other features having a
bearing on the risk of fire, electric shock, and injury to persons involved, in conjunction with conditions of
actual service. All of these factors are to be considered with respect to thermal aging.
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24.3 In the mounting or supporting of small, fragile, insulating parts, screws or other fasteners shall not
be tight enough to cause cracking or breaking of these parts with expansion and contraction.

25 Thermal Insulation
25.1 Thermal insulation shall be of a material classed V-1 as described in UL 94, the Standard for Tests
for Flammability of Plastic Materials for Parts in Devices and Appliances. Glass fiber and mineral wool are

considered to be classed V-1.

25.2 Thermal insulation that is not adequately rigid shall be mounted or supported to prevent it from
sagging. Adhesive material employed for mounting thermal insulation shall retain its adhesive qualities for

the temperatu

res to which the adhesive may be subjected in intended operation.

25.3 Determi
mechanically

25.4 Electricq
boiler.

25.5 Mineral
in contact with

26 Motors

26.1 A motor
electric shock

26.2 A motor

26.3 With ref¢rence to the requirement in 26:2,film contact magnet wire is not required to

treated to p
moisture-absa

27 Overcurregnt Protection

27.1 Heating

27.1.0 A boile
protective dev

hation of the acceptability of an adhesive is not required if the therma
supported by at least one rivet or the equivalent per square foot of material.

Ily conductive thermal insulation shall not make contact with uninsulated |

insulation is

ive parts of a

ool thermal insulation containing conductive impurities in‘the form of slag shall not be used

live parts.

shall be capable of handling its maximum intended load without introducing
or injury to persons.

winding shall resist the absorption .of>moisture.

revent absorption of moijsture, but fiber slot liners, cloth coil wrap
rbent materials shall be impregnated or otherwise treated to prevent moistur

element circuits

r that israted 120 amperes or less shall have the branch circuit protected by
ice rated-not more than 150 amperes.

a risk of fire,

be additionally
and similar
e absorption.

BN overcurrent

27.1.1 A boilg

rthat is rated at more than 120 amperes shall have the heating elements subdivided. Each

subdivided load shall not exceed 120 amperes and shall be protected at not more than 150 amperes.

27.1.2 The overcurrent protective devices required by 27.1.1 shall be provided by the manufacturer as an
integral part of the boiler or shall be provided by the manufacturer as a separate assembly, for
independent mounting for use with the heater.
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27.1.3 The overcurrent protection mentioned in 27.1.1, 27.1.2, 27.3.1 — 27.4.1, and 27.4.2 shall be of a
type recognized by the National Electrical Code, ANSI/NFPA 70 for branch circuit protection. A cartridge
fuse used for this purpose shall include Class CC (30 amperes maximum), G (60 amperes maximum), H,
J, K, R, or T cartridge fuse. A plug fuse is 125 volts maximum.

27.2 Internal conductors

27.2.1 Each bus bar and insulated wire in a heating element circuit or a motor circuit in boilers rated at
more than 40 amperes shall be protected by an overcurrent protective device provided as part of the
boiler. If the boiler is intended for connection to more than one branch circuit, each section of the boiler
intended for connection to a different branch circuit is to be considered individually in applying the
foregoing requirement. The rating of the overcurrent-protective device shall be in accordance with Table
27.1.

Exception No) 1: If the internal wiring of the boiler is sized in accordance with Table 27,1, the overcurrent
protective deice is not required to be integral to the boiler, provided the branch circuit pratection device
also complies|with the corresponding maximum rating in Table 27.1.
Exception NoJ 2: The requirement in 27.2.1 does not apply to a conductor:
a) Nq longer than 10 feet (3 m);
b) That is completely within the enclosure of the boiler;
c) That terminates in its load end in one or more ovércurrent protective devices; dnd
d) That has an ampacity according to the 60°C tables in the National Electrical Code, ANSI/
NFPA 70, nor less than 80 percent of the combined ratings of one or more overcurrent
protedtive devices supplied by a conductor.

27.2.2 Deletegd July 1, 2009

27.2.3 The sgrew shell of a plug fusehelder shall be connected toward the load.
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Solid Bus Bars

Electrical-conductor (EC) grade of
aluminum (conductivity is 61 percent of
IACS)

Aluminum having a conductivity of 55
percent of IACS

the bus bar to 3000, amp
inch (4.458 amperes per|
millimeter) ofibus bar crg

Low enaugh-to limit the

the bus bar to 2000 amp
inch (31100 amperes per|
rillimeter) of bus bar crd

Low enough to limit the

the bus bar to 1776 amp
inch (2.753 amperes per
millimeter) of bus bar crg

Table 27.1
Largest acceptable protective device
Kind of conductor Conductor protected within the appliance Current rating of
c . largest acceptable
opper Aluminum overcurrent
AWG (mm?) AWG (mm?) protective device
Wires 18 -12 (0.82 - 3.3) - 60
- 10 (5.3) 80
10 (5.3) 8 (8.4) 90
8 (8.4) 6 (13.3) 125
6 (13.3) 4 (21.2) 175
Copper Low enough to limit, the)¢urrent density in

eres per square
square

ss section
urrent density in
eres per square
square

ss section
urrent density in
eres per square
square

ss section

27.3 Motors

27.3.1 A mo
overcurrent p

or circuit shall be protected againstishort circuit and ground fault con
rotective device conforming with;.the National Electrical Code, ANSI/NH

overcurrent protection shall be provided as part 6f the boiler or as a separate assembly if,

with 27.1.2 th

Exception: T
less connecte]

27.3.2 The ag
provide the p
with Section
than that of t

Exception No/| 1xlf.each motor circuit is provided with independent overcurrent protection ¢

the National

b overcurrent protection is provided by the manufacturer for the heater circui

his requirement does not apply to a motor rated at 1/8 horsepower (93.3 wj
0 to a circuit having overcurrent protection at 15 amperes or less.

ceptability of the‘\motor-circuit short circuit and ground fault overcurrent prote
tection required in 27.3.1 shall be determined by limited short circuit tests
with an evercurrent protective device of the same type and having a current
overcurfent protective device protecting the motor circuit and the boiler.

ditions by an
PA 70. Such
in accordance
S.

atts output) or

Ctive device to
n accordance
rating no less

bnforming with

hotor overload

protective device conforms with the requirements for such a device, the overload protective device is

considered to

comply with 27.3.1 and 27.3.2.

Exception No. 2: Short circuit tests are not required if the assembly complies with all of the following:

a) Th

e motor circuit is protected by fuses.

b) The motor overload protective device conforms with the applicable requirements for such
devices.
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c) The thermally protected motor or separately enclosed overload protective device is within an
outer cabinet, and the assembly is so constructed that it can be determined that flame and
molten metal will be confined within the cabinet, and any combustible material, except electrical
insulation or an air filter, is not located below the motor and has characteristics of material
classed V-1 in accordance with UL 94, the Standard for Tests for Flammability of Plastic
Materials for Parts in Devices and Appliances.

d) The motor circuit conductors have an ampacity no less than one-third the ampacity of the
supply circuit conductors that would be connected to the boiler as determined in accordance
with 14.2 and 14.3, unless the conductors have been determined to be protected by the type
and size of overcurrent device protecting the circuit.
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conta
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Cts in a low-voltage control circuit.

27.3.3 With rg¢ference to (d) of Exception No. 2 to 27.3.2, conductors that comply withvany ¢

are acceptabl

a) Th
ANSI

b) Th
long,

c) Th
the cd

b without short circuit tests:

e conductors have an ampacity no less than that required by.the National El
NFPA 70 for the load connected to the overcurrent devicé: protecting the cirg

B conductors are 18 AWG (0.82 mm?) or larger and are no more than 4 feet
bhnd are protected by a 60-ampere or smaller fusé.

b conductors are jumper leads, no longer than.3 inches (76.2 mm), between
nductors are located in a control panel.

relay with

f the following
ectrical Code,
uit.

(1.22 m)

controls, or
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27.4 Receptacles and lamps

27.4.1 Overcurrent protection at no more than 15 amperes shall be provided by a fuse or circuit breaker
for each general-use single receptacle, unless the equipment would be connected as intended to a branch
circuit rated at 15 amperes or less.

27.4.2 Overcurrent protection at not more than 20 amperes shall be provided by a circuit breaker or
fuses, as part of the boiler:

a) For each general-use duplex receptacle circuit; and

b) For each lampholder circuit, except as indicated in 27.4.3, independent of a heating element,
e BoHetwote e eorPeaieaas e ato—aBtater—eifett aret—8a 'npel’eSOl"

27.4.3 A neon pilot lamp that is integral with the lampholder is not required to havg overcurfent protection
at 20 ampere$ or less.

27.5 Control|circuits

27.5.1 For theg purpose of these requirements, a control circuit is one that carries electric signals directing
the performance of a controller that, in turn, governs power delivered to a motor or other load. A control
circuit does nat carry main power current. If a control circuit is stipplied through a transformpr provided as
part of the eqliipment, see Transformer Overcurrent Protection; Section 24 for additional r¢quirements.

27.6 Direct-connected high-voltage control circuit

27.6.1 For the¢ purpose of these requirements, a direct-connected high-voltage control cirguit is one that
is supplied from a branch circuit separate from.'a branch circuit that supplies other loads within the
equipment. It {s not tapped from the load side. 'of the overcurrent device or devices of the cgntrolled circuit
or circuits within the equipment. See 57.19\

27.7 Tapped|high-voltage control circuits

27.7.1 For thg purpose of theseé requirements, a tapped high-voltage control circuit is al circuit that is
tapped within |the boiler from_the load side of the overcurrent device or devices for the cpntrolled load.
Such a circuit|shall be pretected in accordance with 27.7.2 — 27.7.4. A control circuit that [s tapped from
the main powgr supply circuit at a point outside the control equipment enclosure shall bg protected as
specified in Cplumn*A-ef Table 430.72(b) of the National Electrical Code, ANSI/NFPA 70.

27.7.2 A tapped_high-voltage control circuit conductor shall be provided with overcurrent grotection. The
rating of the overcurrent protective device, or devices, shall not exceed the applicable value specified in
Table 27.2.

Exception No. 1: 18, 16, and 14 AWG (0.82, 1.3, and 2.1 mm?) conductors that do not exceed 4 feet (1.2
mm) in length between points of opposite polarity may be protected by fuses or "HACR Type” circuit
breakers rated 60 amperes or less.

Exception No. 2: An overcurrent protective device of a higher rating may be used if the conductors
withstand the Short Circuit Test specified in Section 50.

Exception No. 3: A lead 12 inches (305 mm) or less in length is not required to be provided with
overcurrent protection.
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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 or devices located on the primary side of the transformer provided:

a) This protection is in accordance with requirements specified in Transformer Overcurrent
Protection, Section 24, and

b) The rating of the device does not exceed the applicable value specified in Table 27.2
multiplied by the ratio of secondary-to-primary rated transformer voltage.

Table 27.2
Overcurrent protective device rating for control circuit conductors

Maximum rating of overcurrent protective device} am||>eres
Conductor size Circuit does not leave enclosure Circuit leaves erlclosure
AWG (mm?) Copper Aluminum? Copper Aluminum?

18 (0.82) 25 - 7 -

16 (1.3) 40 - 10 -

14 (2.1) 100 - 45 -

12 (3.3) 120 100 60 45

10 (5.3) 160 140 90 75
Larger than 1p (5.3) b b c c

2 Includes coppgr-clad aluminum.
b 400 percent of|value specified for 60°C conductors in Table 310.17_6Fthe National Electrical Code, ANSI/NFPJA 70.
¢ 300 percent of|value specified for 60°C conductors in Table 310.16 of the National Electrical Code, ANSI/NFPA 70.

27.7.3 Overclirrent protection for a tapped conttél circuit conductor, as required by 27.7.2, shall be
provided as part of the equipment.

Exception: The overcurrent device or devices is not required to be provided as part of the equipment if,
based on thel marked rating or ratings"of the equipment, the rating of the branch circlyit overcurrent
protective deVice or devices does not exceed the values specified in Table 27.2.
27.7.4 A control circuit overcurrent protective device or devices shall:

a) Be providedAfor all ungrounded conductors; and

b) Hgve awoltage rating not less than the circuit in which it is used.

nrotactiva Aavian oha
PTrotCttvC—GCVviCC—ort

U ha-
o

27.7.5 The control-eiredit-overedrrent
a) A circuit breaker acceptable for branch circuit protection;

b) A fuse acceptable for branch circuit protection, such as a Class CC, G, H, J, K, L, R, or T
cartridge fuse or Type S plug fuse; or

¢) A supplementary type fuse having a short-circuit rating acceptable for the circuit in which it is
used.

The equipment shall be marked in accordance with 57.17.
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28 Transformer Overcurrent Protection
28.1 High-voltage transformer

28.1.1 A transformer (including an autotransformer), other than one as described in 28.2.1, is considered
to be a high-voltage transformer and shall:

a) Be provided with thermal overload protection in accordance with the requirements in 28.1.2;
b) Be protected by an overcurrent device in accordance with the requirements in 28.1.4; or

¢) Comply with the Burnout Test — High-Voltage Transformer, Section 51.

28.1.2 If a high-voltage transformer is provided with a thermal overload protective device;the device shall
be arranged tp interrupt primary current and shall limit temperatures of the transformer wjndings, under
overload conditions, to those permitted for the class of insulation employed in the windings.|See Overload
Test — High-Vpltage Transformer, Section 52.

Exception: If|the thermal overload protective device provided is a nonrenewable thermal cytoff, a burnout
test is to be ponducted in place of the overload test. See Burnout Test — High-Voltagg Transformer,
Section 51.

28.1.3 A thermal cutoff shall comply with the Standard for Thermal-Links — Requirements and Application
Guide, UL 60691. A manual or automatic resetting thermal pratector shall have an endurange rating of not
less than 6000 cycles and shall comply with the Standard-for Temperature-Indicating and -Regulating
Equipment, UL 873, pertaining to the calibration of temperature limiting controls. Complfance with the
Standard for Automatic Electrical Controls for Household and Similar Use, Part 1: General Requirements,
UL 60730-1, [and/or the applicable Part 2 standard from the UL 60730 series fulfills the UL 873
requirements.

28.1.4 If a high-voltage transformer is protected by an overcurrent device, such protection shall comply
with the requifements specified in 28.1-5:="28.1.8.

28.1.5 Except as noted in 28.1.6.and 28.1.7, a high-voltage transformer shall be pr¢tected by an
overcurrent dgvice or devices located in the primary circuit and rated or set as indicated in[Table 28.1 for
the primary.
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Table 28.1
Rating of transformer overcurrent protective devices
Rated primary or secondary current, Maximum rating of overcurrent device. Percent of transformer current
amperes rating when in:
Primary Secondary

Less than 2 3002 167

2 or more, less than 9 167 167

9 or more 125 125

2 1f an uninsulated live part is not rigidly supported, or if a movable dead metal part is in proximity to an uninsulated live

part, the construction is to be such that the minimum spacing will be maintained under all operating conditions.
28.1.6 Overcwrent protection inthe prima a ansforme described in 28.1.5, is not

provided as part of the equipment if, based on the marked rating, &r
e rating of the branch circuit overcurrent protective device or devices does
bd in 28.1.5.

required to b
equipment, th
values specifi

28.1.7 If the gircuit supplying a transformer other than an autotransformer is(pfovided wi
protection ratgd or set at not more than 250 percent of the rated primaty.current of th
additional ovdrcurrent protection is not required in the primary circuit provided the secor
protected by g protective device provided as part of the equipment, and_rated or set as indi
28.1 for the s¢condary.

28.1.8 A required transformer overcurrent protective device ptevided as part of the produd

a) B¢ provided for all ungrounded conductors;.and
b) H4

1) A circuit breaker acceptable)for branch circuit protection;

2) A fuse acceptable forbranch circuit protection, such as Class CC, G, H
or T cartridge fuse orType S plug fuse; or

3) A fuse of thesupplementary type (a type other than indicated in (b)), p
fuse has a short-circuit rating acceptable for the circuit in which it is used.
Circuit Test;.Section 50.

The product shall be 'marked in accordance with the requirements in 57.17.

ratings of the
ot exceed the

th overcurrent
b transformer,
dary circuit is
cated in Table

t shall:

ve a voltage rating not less than the €ircuit in which it is used. The device shall be:

1J! K’ La R’

fovided the
See Short



https://ulnorm.com/api/?name=UL 834 2019.pdf

JANUARY 10, 2018 HEATING, WATER SUPPLY, AND POWER BOILERS - ELECTRIC - UL 834 48A

28.2 Low-voltage transformers

28.2.1 A transformer that directly supplies a low-voltage National Electrical Code, ANSI/NFPA 70, Class
1 or Class 2 circuit (see 6.5) shall, in accordance with 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 limited transformer) or be
equipped with an overcurrent device (not inherently limited transformer) and need not comply with the

requirements

in 28.1.1.

29 Lampholders

29.1 A lampholder shall be installed so that uninsulated live parts other than the screw shell are not

exposed to ¢

Exception: T
dismantle the

30 Switches
30.1 A switcH

application ar
controls.

30.2 The curfent rating of a switch that controls a solenoid, magnet, transformer, or other

is to be at lea

been investiggted and found to be acceptable for the application.

30.3 A switch
damage durin

3 + L H | H 1 H H
macvt vy pTliouUlio IUIIIUVIIIH T IUPIG\JIIIH iAltipyo 1T Uotrh oTTVIULT.

his requirement does not apply if, in order to remove or replace a lamp;, it is
boiler by means of tools. See 8.12.

d shall have a current and voltage rating not less thar’ that of the circui

5t twice the rated full-load current of the compenent that is controlled unless

employed on a boiler shall be located, or protected so that it is not subjected
h use.

b necessary to

or other control device provided as part of a boiler shall be of a type infended for the

(load) that it

inductive load
he switch has

to mechanical

30.4 A manudlly operated switching device={or a pilot device) that serves to interrupt the ain heater or

control power
both.

30.5 A switch
open, disconn

30.6 A switch
a limited numi

supply circuit to the bojler:shall be marked to indicate the “on” position, “0

ing device that interrupts the main boiler, control power-supply circuit, or bo
ect all ungrounded conductors of that circuit.

or other{means of control such as a sequencing device intended to provide

the connectioTs to energize more elements than intended.

per of elements at one time shall be so located or of such a type at the user ¢

ff” position, or

th shall, when

for the use of
annot change

30.7 A switch that controls a medium-base lampholder of other than a pilot or indicating light shall be
acceptable for use with tungsten-filament lamps.
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31 Limit Controls

31.1 A boiler shall be equipped with two factory installed limit controls. One control is to be of the
automatically reset type for regulating the intended boiler operation (i.e. Operating Control). The second
control is to be of the manually reset type for back-up protection (i.e. Protective or high limit control) and
when activated result in the boiler shutting down.

31.1.1 An electro-mechanical limit control shall comply with the Standard for Limit Controls, UL 353 or for
temperature limit controls or thermal cut outs, the requirements for protective electrical controls in the
Standard for Automatic Electrical Controls for Household and Similar Use, Part 2, Particular Requirements
for Temperature Sensing Controls, UL 60730-2-9 or for pressure controls, the requirements for protective
controls in the Standard for Automatic Electrical Controls for Household and Similar Use; Part 2: Particular

et ctricatPressttre f A rctading-Mechante uirements, UL

ara-aiia a o ala Mo o o o

60730-2-6.

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

temperature or pressure within the limits specified in 31.2 shall be investigatedte'the requjrements of:
a) The Standard for Limit Controls , UL 353; or

b) Type 2 Protective Control requirements per the Standard for’ Automatic Electrichl Controls for
Housghold and Similar Use, Part 2, Particular Requirements for Temperature Senging Controls,
UL 6(730-2-9.

31.1.3 An eleftronic limit control that relies on software to_limit the temperature within the [fmits specified
in 31.2 shall be investigated to the requirements for software Class 2 in accordance with the Standard for
Software in Pfogrammable Components, UL 1998 and Standard for Limit Controls, UL 353.

31.1.4 Tempgrature limit controls shall have nd more than a 2.8°C (5°F) initial variatipn from rated
operating temperature and shall have no more than a 5.5°C (10°F) or 5 percent variatipn, whichever
greater, from |nitial operating temperature-after testing in accordance with the Operation anhd Endurance
Tests of the Standard for Limit Controls;uUL 353.

31.1.5 Pressuyre limit controls shallthave no more than a 5 percent variation from rated operating pressure
and from initigl operating pressure after testing in accordance with the Operation and Endufance Tests of
the Standard for Limit Contrdls) UL 353.

31.1.6 As an plternate30-31.1.1 — 31.1.5, temperature and pressure limiting controls shall Qe investigated
to the Standard for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1, and

a) For ‘temperature controls, the Standard for Automatic Electrical Controls — Part[2-9:
Particular Requirements for Temperature Sensing Controls, UL 60730-2-9 utilizing the
declarations specified in Table 31.1; or

b) For pressure controls, the Standard for Automatic Electrical Controls for Household and
Similar Use; Part 2-6: Particular Requirements for Automatic Electrical Pressure Sensing
Controls Including Mechanical Requirements, UL 60730-2-6 utilizing the declarations specified
in Table 31.1.
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Table 31.1
Limit control parameters
UL 60730-1, Table 1 Information Control requirement
item number?
6 Purpose of control Manually Reset Thermal Cut-Out or Pressure
Sensing Control, as applicable
7 Type of load controlled AC heater load
26 Number of Manual cycles (M) 6000: 1000 with load 5000 without load
29 Type of disconnection or interruption Micro-Disconnection (B)
39 Type 1 or Type 2 action Type 2.B
40 Additional features Manual reset, D, J or H Action
41 MertHaettrng-aeviator—meodr +2-82C—++52FHorthefmat-cut-out
5 percent for pressure sensing-eontrol
42 Drift Not vary from the as-received by more than 5
percent, or for thermal cut-out, by|more than
5.5°C (10°F), whicheyeris the grdater
48 Operating value 121°C (250°F) setpaint for thermg cutout
As declared for pressure sensing fontrol
49 Pollution degree Pollution degree 2°
52 The minimum parameters of any heat dissipater Must be 8pécified
(heat sink) not provided with an electronic control
but essential to its correct operation
53 Output waveform if other than sinusoidal Must be specified
58A Required protection/immunity from mains borne Required®
perturbations, magnetic and electromagnetic
disturbances
60 Surge immunity IEC 61000-4-5 installation Class J. Overvoltage
category |l
69 Software Class cd
74 External load and emission cohtrol measures to Must be specified
be used for test purposes,
91 Fault reaction time Must be specified
92 Class or classes of ‘control function(s) C
2 This table shotild be used as a correlatien for the parameters specified for the Standard for Limit Controls, UL[353,
evaluations.
b Pollution Degrée 2 applies except-whenh the manufacturer declares Pollution Degree 3 due to exposure of conflensation or
water to the confrol during normal operation.
¢ For the purpose of the tests.specified in the Electromagnetic compatibility (EMC) requirements — immunity, Anhex H, Section
26 of the Standgrd for Autetnatic Electrical Controls - Part 1: General Requirements, UL 60730-1, the products ¢overed by this
Standard should be considered as: a) Installation Class 3 for indoor use, or 4 for outdoor use (See the Explanafory notes for
surge immunity fest,,Annex R, of UL 60730-1); b) Overvoltage Category |l applies for permanently-connected efuipment; c)
Test Level 3.
d Does not applytoetectrommectanicat controts orcontrots with-protectiom imptermented-mtardware onty ——seettem 92.

31.2 In determining compliance with 31.1:

a) A low pressure and a high pressure steam boiler shall be provided with pressure operated
limit controls that operate to shutdown the boiler before the pressure exceeds the maximum
operating pressure, as applicable, see pressure limits of 1.5.

b) A water boiler shall be provided with temperature operated limit controls that operate to
shutdown the boiler before the water temperature exceeds the maximum rated operating
temperature. For a low pressure hot water boiler, see 1.5, the maximum operating temperature
shall not exceed 250°F (121°C).
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31.3 The two limit control circuits, see 31.1, shall be separate from each other so that malfunction of any
component in one circuit will not adversely affect the operation of the other circuit.

31.3.1 The sensing elements for the limiting controls shall not be located such that disabling of one or
any combination of heating element prevents both limit controls from operating to protect the boiler as
intended.

31.4 Limit-control circuits shall be 2-wire, one side grounded, having a nominal voltage of 120 volts or

less.

Exception:

It is the intent of the requirements in 31.4 that a short circuit or combination of short circuits

to ground will not render the temperature-limiting control inoperative. A safety control arrangement, other

than describe

31.5 The limi
conductor of {

31.6 For a pd

31.7 The limi
supply.

31.8 Any con
interrupt the h

a) Fo
contrd

b) Fo
comp
switch

31.9 An inter
sequence con

Exception: T
interfere with

31.10 The m
predetermineg

H 4 4 __on 12N =) ol okl H manlialk. 1l ataad £ 4l
Yo o T, TTiAay VT LUTNTOTUTTTU AULUUUIAIC 1T 1t ACCUTTIDITONCo tric it Ur irrce T

control shall be wired so that its circuit interrupting means is located in th
he limit circuit.

rtable boiler, the limit control shall be of the nonmercury type.

control shall be operative whenever the boiler is connécted to the branch
hponent including contactors and controls that comprise a safety circuit a
eating element supply circuit shall be investigated as follows:

I electro-mechanical components, 100,000 ¢ycles of operation (6000 for a m
), in accordance with 31.1.1 and 31.1,4 ~31.1.5, as applicable; and

I electronic components, in accordance with 31.1.2 — 31.1.6, as applicable. 1
bnent shall be arranged so thatitaffects the direct opening of that element,
ing mechanism is integral with-the sensing element or remote from it.

mediate stage for heater-circuit control, such as a temperature sensor a
troller, shall be investigated for use as part of a safety circuit and shall comp

his requirement_does not apply to intermediate stage controls if their malfun
the intent of.31.8.

bnually.\reset limit control shall operate at a temperature or pressure that
temperature or pressure limit allowed by the automatic limit control.

equirements.

e ungrounded

circuit power

hd function to

anually reset

he
vhether the

nd associated
ly with 31.8.

ction does not

is above the

31.11 A component, such as a relay or the like, shall not be wired in conjunction with a safety device so
that malfunction of the component results in the safety circuit being bypassed or defeated.

31.12 Under any condition of operation, the limit control shall function so that the temperature, pressure,
or both, whichever is applicable, does not exceed the established design working parameters of the boiler.


https://ulnorm.com/api/?name=UL 834 2019.pdf

JULY 17, 2019 HEATING, WATER SUPPLY, AND POWER BOILERS - ELECTRIC - UL 834 50A

32 Low-Water Cutoff

32.1 A boiler shall be equipped with a liquid-level responding limit control, in accordance with 31.1.1 —
31.1.3 as applicable and 31.3 — 31.4, to interrupt all ungrounded heating element circuit conductors before
the water in the boiler falls below the top of the heating elements.

Exception No. 1: A low-water cutoff need not comply with the requirements for Limit Controls, Section 31,
if the boiler contains immersion elements and complies with the Low-Water Abnormal Test (low-water
cut-out shunted out of the circuit), Section 49.

Exception No. 2: A hot water heating boiler is not required to be equipped with a low-water cutoff if all of
the following criteria are met:

a) Al ASME Code H vessel is utilized;

b) The maximum heat input is 400,000 Btu’s per hour [117.2 kw (422 MJ)] or less;

c) The boiler contains immersion elements; and

d) The boiler complies with the Low-Water Abnormal Test, Section 49.
33 Terminalg and Sensing Elements of Operating and Limit Controls

33.1 If the bylb, capillary tubing, or other sensing element afian operating or limit contrgl is depended
upon to contrgl operation of the boiler so that a risk of injurysto persons does not occur, sugh a part shall
be located of shielded so that it is protected fromsmechanical damage during field [nstallation or
subsequent uge of the boiler.

33.2 In conngction with 33.1, particular attentien®is to be given to those constructions pf boilers that
require partiall disassembly, or are constructed’to permit rearrangement of internal parts, [at the time of
installation.

34 Pressure-Relieving Devices

34.1 A boiler|shall be provided with one or more safety valves or safety relief valves conforming to the
requirements [of the ASME Boiler and Pressure Vessel Code Section under which it was built. The
stamped operjing pressure.of the safety valve or safety relief valve shall not be more than|the maximum
pressure stamped on-the-boiler and, except as noted in 34.3, shall be factory installed| on the boiler
assembly.

34.2 Each safetyvalve and safety relief valve shall be marked with the ASME Certification Mark and have
either the ”V” designator for high pressure boilers or the “"HV” Designator for low pressure boilers.

34.3 A valve that is shipped unattached to a boiler for mounting in the field shall comply with the following:
a) The valve shall be shipped in the same overall shipping container with the boiler;
b) Instructions for mounting the valve shall be included; and

c) The boiler shall have provision, such as a threaded boss, to permit the valve to be mounted
as intended.
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34.4 A boiler that has a rated power input of more than 1100 kW (3.96 GJ) shall be provided with two or
more safety valves or safety relief valves. When not more than two valves of different sizes are mounted
singly, the relieving capacity of the smaller valve shall not be less than 50 percent of that of the larger
valve.

Exception: This requirement does not apply to a boiler constructed in accordance with Section IV of the
ASME Code.

34.5 There shall be no shut-off valve between the pressure-relief means and the parts that it is intended
to protect.

34.6 The minimum valve relieving capacity shall be 3.5 pounds steam/hour per kilowatt of rated power
|npUt Or 3500 tullhuul |JUI :’\I:UVVGtt Uf |atcd }JUVVUI ;II'JU{.

34.7 A pressure-relief or safety device shall be connected as close as possible to thé pressure vessel or
parts of the system that it is intended to protect, and shall be installed so that it js readily [accessible for
inspection and repair, and cannot be readily rendered inoperative.
35 Spacings

35.1 The spafings in a boiler shall not be less than those specified/in*Fable 35.1.

Table 35.1
Minimum acceptable spacings

Minimum spacings
Between uninsulated live parts of
opposite polarity; and between a rigidly

Between a live part and the enclosure mounted uninsulated live paft and a dead
metal part that is exposed tj) contact by
persons or that may be drounded?
Through air. Over surface Through air Over surface
Voltage| rating, V inch (mm) inch (mm) inch (mm) inch (mm)
0 — 250 volts 1/2 (12.7) 1/2 (12.7) 1/8 (3.2) 1/4 (6.4)
251 — 600 volfs M2 (12.7) 1/2 (12.7) 1/4 (6.4) 3/8 (9.5)
2500 volts makimum® 2 (50.8) 3 (76.2) 1 (25.4) 2 (50.8)
7200 volts makimum® 3 (76.2) 4 (102) 2 (50.8) 3.5 (88.9)
15000 volts mpaximum® 6 (152) 8 (203) 4 (102) 7 (178)

2 If an uninsulpted live part is not rigidly supported, or if a movable dead metal part is in proximity to an uninsplated live
part, the consfructiongissto be such that the minimum spacing will be maintained under all operating conditiong.
b Because of the ‘effett of configuration, spacings in excess of those indicated may be required to meet perfomance
requirements is standard

35.2 The spacings specified in Table 35.1 do not apply to the inherent spacings of a component part of
a boiler. Such spacings are judged under the requirements for the component in question.

35.3 The spacings in a motor shall comply with the spacing requirements in the Standard for Rotating
Electrical Machines — General Requirements, UL 1004-1.
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35.4 At closed-in points only, such as the screw-and-washer construction of an uninsulated terminal
mounted in metal, a spacing of 3/64 inch (1.2 mm) is acceptable on a boiler rated 250 volts or less. Within
a thermostat, except at contacts, the spacing between uninsulated live parts on opposite sides of the
contacts shall not be less than 1/32 inch (0.8 mm) through air and 3/64 inch (1.2 mm) over the surface of
insulating material, and the construction is to be such that the spacings are permanently maintained.

35.5 A closed-in spacing is considered to be that (either through air or over surface) which is in the
enclosed space formed by a live conductor passing through an opening in dead metal, as well as through
an insulating washer on each side of the metal. The assembly is secured firmly in place, usually by a nut
threaded on the live conductor on each side of the exterior of the assembly.

35.6 An insulating I|n|ng or barrier of fiber or similar materlal employed where spacmgs would otherwise
be unacceptalpte-shaittrotbetess 3 atHbe-sote ted or of such

may be used [n conjunction with an air spacmg of not less than 50 percent of the spacmg
alone. See Tgble 35.1.

equired for air

35.7 Unless grotected from mechanical abuse during assembly and intendedfunctioning ¢f the boiler, a
barrier of mica shall be 0.010 inch (0.26 mm) or more in thickness.
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36 Grounding

36.1 A boiler intended for permanent connection to the branch circuit supply shall be provided with a
terminal solely for the connection of an equipment-grounding conductor, sized in accordance with Table
36.1, and such terminal shall be so located and secured that its removal during any servicing of the boiler
will be unlikely. Sheet-metal screws shall not be provided for connection of equipment grounding
conductors to enclosures. See also Section 14, Field Wiring Terminals and Leads and 36.9.

Table 36.1
Size of bonding conductor or strap

Size of bonding conductor? Rating or setting of automatic
Coppper wire Aluminum or copper clad aluminum ovmlrcult.ahead of
wire equipment not-exceeding
14 AWG 12 AWG 15/ Amperg¢s
12 10 20
10 8 60
8 6 100
6 4 200
3 1 400
1 2/0 600
1/0 3/0 800
2/0 4/0 1000
3/0 250 MCM 1200
4/0 350 1600
P50 MCM 400 2000
350 500 2500
400 600 3000
500 800 4000
700 1000 5000
800 1200 6000
a Or equivalent ¢ross-sectional area.
36.2 For a cgrd connected boiler,' the power supply cord or cord set shall have a conducfor suitable for
equipment grqunding purposes. See 15.1 and 36.5.
36.3 The resistance of«the grounding path between all dead metal parts which are likgly to become
energized and the eguipment-grounding terminal, or point of attachment of the wiring system, shall be no
more than 0.1|0 ohn}.

36.4 With reference to 36.3, the resistance may be determined by any convenient method. If
unacceptable results are recorded, either a direct or alternating current equal to the current rating of the
maximum branch-circuit overcurrent-protective device that may be employed with the boiler is to be
passed from the equipment grounding terminal to the dead metal part, and the resulting drop in potential
is measured between these two points. The resistance in ohms is to be determined by dividing the drop
in potential in volts by the current in amperes passing between the two points.
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36.5 A grounding conductor of a flexible cord shall be:
a) Finished to show a green color with or without a yellow stripe;
b) Connected to the grounding blade of an attachment plug of the grounding type; and

c) Connected to the enclosure of the boiler. This connection shall be made by a screw not
intended to be removed during routine servicing not involving the power supply cord, or by other
reliable means. Solder alone is not acceptable for this connection.

36.7 The surface of a lead visible in a wiring compartment in which field connections are made and
intended for the connection of an equipment-grounding conductor shall be green with or without one or

H ol EIN 1 ol ball k. [ HE PN S|
more ye”OW S MPETS, Aalrnmu o UtneT rioau-Stialr O SU T iiSTTeuUr

36.8 The reqlirements in 36.7 relating to color coding for identification does not apgly to [internal wiring
that is not visiple in a wiring compartment in which field connections are to be made.

36.9 A wire-hinding screw intended for the connection of an equipment grounding conductor shall be
identified by:

a) Use of a green-colored head that is slotted or hexagonal, orboth; or

b) The grounding symbol illustrated in Figure 36.1 on or’adjacent to the terminal qr on a wiring
diagrgm provided on the product.

Figure 36.1
Grounding symbol
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36.10 A pressure wire connector intended for the connection of such a conductor shall be identified by:

a) Being marked G,” “GR,” "GROUND,” "GROUNDING,” or the like;

b) A marking on a wiring diagram provided on the appliance; or

¢) The grounding symbol illustrated in Figure 36.1 on or adjacent to the terminal or on a wiring

diagram provided on the product.

36.11 The wire-binding screw or pressure wire connector shall be located inside the terminal
compartment and in a manner that will make it unlikely to be removed during routine servicing of the

boiler.

36.12 The size of a conductor or strap employed to bond an electrical enclosure or motof
based on the|rating of the branch circuit overcurrent device to which the equipment will

frame shall be
be connected.

Except as ind|cated in 36.11, the size of the conductor or strap shall be in accordance with Table 36.1.

36.13 An eqguipment grounding conductor not smaller than 18 AWG (0.82 mm2) copper a

than the circjiit conductors if an integral part of a flexible cord assembly may be us

cord-connectgdd equipment where the equipment is protected by overcurrent devices not

equipment.

36.15 A soldgring lug, a push-in (screwless) connector©f-a quick-connect or similar frictio
shall not be uged for the grounding terminal.

36.16 An int
(excluding a fi
a quick-conng
and provided
accordance w

rnal connector for bonding non-current-carrying parts for ground contin
ct terminal of the specified dimensions, provided the connector is not likely t
th Table 36.2.

Table 36.2
Internal terminal connections for bonding

ipment grounding conductor need not be larger<than the circuit conductors

eld-installed grounding conductoror the grounding conductor of a supply cord

the appliance is limited-t0-Use on a circuit having a branch circuit proteg

nd not smaller
ed to ground
exceeding 20

supplying the

n-fit connector

uity purposes
1) may employ
b be displaced
tive device in

pres

Tefminal dimensions inches (mm) Rating of protective device amp{
0.020"by 0.187 by 0.250 20 or less
(0°51 by 4.75 by 6.4)
0082 by O-187 by 0256 20orfess
(0.81 by 4.75 by 6.4)
0.032 by 0.205 by 0.250 20 or less
(0.81 by 5.2 by 6.4)
0.032 by 0.250 by 0.312 60 or less
(0.81 by 6.4 by 7.9)
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PERFORMANCE
37 General

37.1 A boiler shall be subjected to all applicable normal and abnormal tests as indicated in Sections 38
— 49,

38 Test Installation for Alcove or Closet

38.1 The boiler is to be installed in an enclosure, as described below, in the as-received condition, with
clearances in integral inches, as selected by the manufacturer, to walls and ceilings of the test enclosure.
The ceiling height of the enclosure is to be that required to obtain the clearance from the top of the
assembly to tire-eeiting-specifiedt Hetres 38 ana-3a
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Figure 38.1
Alcove installation
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Figure 38.2
Closet installation
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ension, symbols, and apbreviations:

ove top of boiler:

boiler. ‘Rrefix “C” to numeral indicates acceptability for closet or alcove installations; prefix “A
but\not+for closet.

SB0500

D — From back of boiler.

EL — From left side of boiler.

ER — From right side of boiler.

" acceptability for

F — Indicates type of flooring: “NC” for noncombustible; “C” for combustible. Numeral indicates minimum clearance below

suspended units to combustible floor.

G — Total minimum free area in square inches of closet ventilating openings.
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38.2 The walls and ceiling of the enclosure are to be made of 1 inch (25.4 mm) nominal thickness wooden
boards or 3/4 inch (19.1 mm) thick plywood. The walls are to be vertical and at right angles to each other.
The interior surface of the walls and ceiling are to be finished in flat black paint. All joints of the enclosure
are to be sealed. The floor is to be of material selected by the manufacturer for testing purposes and as
indicated in the installation instructions. Combustible floors are to be made of 3/4 inch (19.1 mm) thick
plywood or equivalent, finished in flat black paint.

38.3 For alcove installation, the enclosure is to be opposite the front of the boiler. The side walls are to
extend 18 inches (457 mm) beyond the front of the boiler, and a wall is to be placed opposite the open
side of the enclosure at a distance of 48, 36, or 24 inches (1.2, 0.9, or 0.6 meters) from the front of the

boiler, as specified by the manufacturer for testing purposes.

38.4 For closetin an ob v e HHe- doo
from the front of the boiler no more than the minimum distance as specified by the installatig
If ventilating openings are provided, these are to be located as shown in Figure 38.2 and th

openings are [o be one-half the width.

39 Leakage Current Test

39.1 The leakage current of a cord-connected boiler rated for a neminal 250 volt o
employing a standard attachment plug rated 20 amperes or less, when-tested in accordan
39.8 shall not pe more than 0.75 milliampere for stationary or fixed/boilers and 0.5 milliampsg
boilers.

39.4 If a confluctive surface’ other than metal is used for the enclosure or part of the

leakage currept is to b&measured using metal foil with an area of 10 by 20 centimeters |
the surface. Where the-surface is less than 10 by 20 centimeters, the metal foil is to be the
the surface. The metal foil is not to remain in place long enough to affect the temperature of

t§ to be located

n instructions.
e height of the

less supply,
ce with 39.3 —
re for portable

be conveyed
ctive surfaces.

currents from
as collectively
cessible. Parts
for protection
imultaneously
e time. These
fire or electric

bnclosure, the
n contact with
same size as
the appliance.

39.5 The measurement circuit for leakage current shall be as shown in Figure 39.1. The measurement
instrument is defined in (a) — (d). The meter that is actually used for a measurement need only indicate
the same numerical value for a particular measurement as would the defined instrument. The meter used
need not have all of the attributes of the defined instrument.

a) The meter is to have an input impedance of 1500 ohms resistive shunted by a capacitance
of 0.15 microfarad.

b) The meter is to indicate 1.11 times the average of the full-wave rectified composite
waveform of voltage across the resistor or current through the resistor.
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c) Over a frequency range of 0 — 100 kilohertz, the measurement circuitry is to have a
frequency response (ratio of indicated to actual value of current) that is equal to the ratio of the
impedance of a 1500 ohm resistor shunted by a 0.15 microfarad capacitor to 1500 ohms. At an

indication of 0.75 milliamperes, the measurement is to have an error of not more than 5
percent.

d) Unless the meter is being used to measure leakage from one part of an appliance to
another, the meter is to be connected between the accessible parts and the grounded supply
conductor.

Figure 39.1

PRODUCT METER

S

120V

i

INSULATING
TABLE

GROUNDED SUPPLY CONDUCTOR B N\

LC100

Appliance (boiler)| intended for connection to a 120 volt power supply.
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PRODUCT METER

-
120V

240V <+—

120V
-

St 3 ; INSULATING
— TABLE

GROUNDED SUPPLY CONDUCTOR B

LC200

Appliance (boiler) intended for connection to a 3-wire, grounded neutral powec'supply, as illustrated above.

o =1 2 oR

— /P o | / PRODUCT METER

120V
2q0y =— s

120V —o—l—o/'c—l
12

- INSULATING
TABLE
GROUNDED SUPPLY CONDUCTOR B\

LC300

Appliance (boiler) intended for connection to a 3-wire, grounded neutral power supply, as illustrated above.
A — Probe with shielded lead.

B — Separated and used as clip when measuring currents from one part of appliance to another.
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39.6 A sample boiler is to be prepared, conditioned, and tested as follows:

a) The boiler is to be representative of the wiring methods, routing, components, component
location and installation, and the like, of the production unit;

b) The grounding conductor is to be open at the attachment plug and the test unit isolated from
ground;

c) The sample is to be conditioned in an ambient temperature of 21 — 27°C (70 — 80°F) and
approximately 50 percent relative humidity for not less than 8 hours;

d) Th

e test is to be conducted at the ambient conditions specified in (c);

39.7 The test
lines — will be

39.8 The leal
follows:

a) Wi
currer
be op
positid

b) Wi
energ
using
intend

c) Th
the ur
contin
currer
used
auton]
S2in

P supply voltage is to be adjusted to rated voltage; and
oiler that requires connection to a potable water supply is to be filled with w3

boiler is to be installed so that all parallel ground paths — such as through th
eliminated.

age current test sequence, with reference to the measuring circuit, Figure 3

th switch S1 open, the boiler is to be connected\to the measurement circuit.
t is to be measured using both positions of switch S2. All manual switching
brated in their intended manner, and leakage currents are to be measured u
ns of switch S2;

th the boiler switching devices in their operating positions, switch S1 is to be
zing the boiler and within a period of 5 seconds, the leakage current is to be
both positions of switch S2.“All manual switching devices are then to be ope
ed manner, and leakage-curfents are to be measured using both positions g

b boiler manual switching devices are then to be returned to their operating |
it allowed to run(until thermal equilibrium is obtained. Leakage current is to |
uously. For this_test, thermal equilibrium is defined as the condition in which
t is found te b€ constant or decreasing in value. Both positions of switch S2
n determining this measurement. Thermal equilibrium may involve cycling cs
atic control in the heating and vending mode. This cycling is to be observed
poth positions; and

ter.

e fill and drain

D.1 is to be as

Leakage
Hevices are to
5ing both

closed,
measured
rated in their

f switch S2;

positions and
be monitored
leakage

are to be
used by an
with switch

d) Ift

the leakage current stabilizes or decreases after the boiler is turned off.

he boiler employs a single pole switch, monitoring of leakage current is to continue until

39.9 Usually, a boiler will be carried through the complete leakage current test program as covered in
39.8 without interruption for other tests. However, the leakage current tests may be interrupted to conduct
other nondestructive tests.
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40 Power Input Test
40.1 The power input to a boiler shall not be more than 105 percent of its marked rating.

40.2 To determine whether a boiler complies with the requirement in 40.1, the power input is to be
measured with the boiler at normal operating temperature and while connected to a rated supply circuit.

41 Limit Control Cutout Test

41.1 The maximum setting of the limit control allowed by a fixed stop shall not permit a pressure of more
than 15 psi (103 kPa) in a low pressure steam boiler, and a water temperature of more than 250°F (121°C)
in a low pressure hot water heatlng boiler under any condition of operatlon The I|m|t control of a high
pressure boile A e—she ore than the
designed working pressure of the steam b0|Ier or when the water temperature in a hot,water boiler is not
ler.

41.2 A limit cpntrol incorporating a mercury tube switch to sense pressure, temperature, or both is to be
plumb prior tof conducting this test. See 52.1.

41.3 The boiler is to be filled to a normal level with water. The limitkcontrol is to be afjusted to the
maximum setfing. A resetting pressure relief valve set to relieve at g pressure equivalent o the working
pressure of the boiler [30 psi (207 kPa) minimum for low pressurévhot water boilers] is to|be connected
to the boiler. A steam boiler is to be provided with a safety valve’ set to operate at a pressure equivalent
to the workingd pressure of the boiler.

41.4 The outlet water temperature is to be measured by-d@-thermocouple which has been rgliably secured
to the outlet gipe as close as possible to the boiler vessel, and which is insulated from ambient air. A
laboratory-type steam pressure gage ranged to facilitate the determination of pressure is fo be installed
on a steam bagiler.
41.5 A reguldting valve is to be placed as'¢close as permissible to the outlet of the boiler.
41.6 The boiler elements are to be energized at rated voltage and the water or steam valves adjusted to

slowly raise the temperature or._pressure until the limit control functions. Neither the maximum water
temperature i the boiler nor the pressure shall exceed the values stated in 41.1.
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42 Temperature Test

42.1 A boiler, when tested under conditions of maximum normal load, shall not attain a temperature at
any point to:

a) Constitute a risk of fire;

b) Damage any material employed in the boiler; or

c) Exhibit temperature rises at specific points greater than those specified in Table 42.1.
42.2 All values in Table 42.1 are based on an assumed ambient temperature of 25°C (77°F). The tests
may be condutetet-at-ary-ambiert-termpe attre-withir-the-range 6= 0 4“1 For the tests,

the ambient measuring thermocouple is to be placed centrally 24 inches (610 mm) in,front of the boiler
and 24 incheg (610 mm) above the test-enclosure floor.

Table 42.1
Maximum temperature rises

Material or component Degrees

c (F)

A. MOTOR$

1. Jlass A insulation systems on coil windings of an a-c motor.having a
franje ciiameter of 7 inches (178 mm) or less, not including a‘universal
a,

motpr
a. In an open motor:
Thermocouple or resistance method 75 (135)
b. In a totally enclosed motor:
Thermocouple or resistance method 80 (144)

2. (lass A insulation systems on coil windings of an a-c motor having a
franje diameter of more than 7 inches (178 mm), of a d-c motor, and of a
universal motoraP

a. In an open motor:

Thermocouple method 65 (117)

Resistance/method 75 (135)
b. In a totally enclosed motor:

T hermocouple method 70 (126)

Resistance method 80 (144)

3. (lass Beinsulation systems on coil windings of an a-c motor having a
franje diameter of 7 inches (178 mm) or less, not including a universal

motpra?
a. In an open motor and on vibrator coils:
Thermocouple or resistance method 95 (171)
b. In a totally enclosed motor:
Thermocouple or resistance method 100 (180)

4. Class B insulation systems on coil windings of an a-c motor having a
frame diameter of more than 7 inches (178 mm), of a d-c motor, and of a
universal motoraP

a. In an open motor:

Thermocouple method 85 (153)

Resistance method 95 171)
b. In a totally enclosed motor:

Thermocouple method 90 (162)

Table 42.1 Continued on Next Page
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Table 42.1 Continued

Material or component Degrees
c (F)
Resistance method 100 (180)
B. COMPONENTS
1. Capacitors:
a. Electrolytic 65 (117)
b. Other types See Notes c and d
2. Fuses, Class CC, G, J, L,and T 85 (153)
3. Fuses other than specified in item 2 65 (117)

4 1 ] A 3 o HI T
. ey SOttt HaRSrofferSaReCohS Wi

a. Class 105 insulated systems:

Thermocouple method 65 (117)

Resistance method 85 (153)
b. Class 130 insulation systems:

Thermocouple method 85 (153)

Resistance method 105 (189)

5. Sealing Compound
C. CONDUETORS
1. Qopper Conductors — General

a. Copper conductor, bare, without tinning, nickel coatingsor silver 175 (315)
plating
b. Copper conductor, with tinning, nickel coating, or’silver plating No limit
c. Termination of copper conductor in a pressure terminal 125 (225)
connector, unless both are tinned, nickel coated;, or silver plated
2. Insulated wire or cord 25°C(77°F) less than its
established temperat{ire rating"9
3. Sainless steel and other corrosion-resistant alloys No limit
D. ELECTHICAL INSULATION — GENERAL
1. Phenolic composition employed as_€lectrical insulation or as a part the 125 (225)
detdrioration of which could result(in a'risk of fire or electric shock"
E. SURFAQES
1. Ahy point on a surface adjacent to a boiler, including the surface on 65 (117)

whigh the boiler is mounted Jor supported, and specified points on test
surfaces and enclosures at designated clearances from the boiler; metal
surfaces of a boiler at,point of contact with the test surfaces and surfaces
of a|boiler which”are recessed within the test enclosure. See Figures 38.1
and|38.2 and’57%.3

2. Any point-within a terminal box or wiring compartment of a boiler in 35 (63)
whigh power supply conductors are to be connected, including such
conglustors themselves, unless the boiler is marked in accordance with
57.10
F. GENERAL
1. Knobs, handles, buttons, levers, and the like that may need to be
manipulated by the user during normal operation'
Metal 35 (63)
Nonmetallic 60 (108)

a At a point on the surface of a coil where the temperature is affected by an external source of heat, the temperature
measured by means of a thermocouple may be more than the maximum acceptable temperature specified in this table
provided the temperature, as measured by the resistance method, is not more than that specified. The temperature
measured by means of a thermocouple may be more than the specified value by:

1. 5°C (9°F) for Class A insulation on coil windings of an a-c motor having a diameter of 7 inches (178 mm) or
less, open type;

Table 42.1 Continued on Next Page
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