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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 Eachb

iler consists of sheathed resistance-type heating elements and a vessel or tan

k constructed,

inspected, an
Engineers (A
valves or sa
pressure regy
as a unit.

H stamped in accordance with the applicable sections of the American Society
SME) Boiler and Pressure Vessel Code. Each boiler is provided withene ¢
ety relief valves conforming to ASME requirements with all necessary ts
lating controls, including an integral limit control, wiring, and auxiliary*equipm

1.4 These fequirements do not cover water supply boilers and hot“water and stes

equipment en
nor commerd
appliances w
also are not ¢

1.5 Theequ

a) Hig

b) Low

ploying constructions which are outside the scope of,or\not covered by, the
ial cooking or medical and dental equipment, nor~other electric heating
nich are covered in, or as part of, separate, individual requirements. Electroc
bvered by these requirements.

pment covered by this standard shall be one-of the following types of water he
n 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 in
psi (1103 kPa).

-Pressure Hot-Wateriand Low-Pressure Steam — A boiler furnishing:

1) Hot water at.pressures not exceeding 160 psi and at temperatures not mo
or

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

of Mechanical
r more safety
bmperature or
bnt assembled

m generating
ASME codes,
equipment or
e-type boilers

ating boilers:

excess of 160

re than 250°F;

¢) Min

ature — 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 m®) gross volume, exclusive of casing and insulation, an
kPa) maximum allowable working pressure.

For the applicable ASME Code symbol, see Section 5.

2 Components

| 2.1 A component of a product covered by this Standard shall:

a) Comply with the requirements for that component as specified in this Standard;

d 100 psi (690

b) Be used in accordance with its rating(s) established for the intended conditions of use; and


https://ulnorm.com/api/?name=UL 834 2024.pdf

UL 834 JULY 8, 2024

I c) Be used within its established use limitations or conditions of acceptability.

I 2.2 A component of a product covered by this Standard is not required to comply with a specific
requirement that:

a) Involves a feature or characteristic not required in the application of the component in the

I product;
I b) Is superseded by a requirement in this Standard;
c) Is separately evaluated when forming part of another component, provided the component is

used within its established ratings and limitations.

| 23 Deleted

2.4 Specific

components are incomplete in construction features or restticted in| performance

capabilities. Juch components are intended for use only under limited conditions, su¢h as certain

temperatures

not exceeding specified limits, and shall be used only under these Specific condlitions.

2.5 A compgnent of a boiler intended to be manually operated or adjdsted or that will definitely require
periodic serviging, for example replacement or cleaning, shall be_accessible without the yse of special

tools.

3 Units of Measurement

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

approximate information.

| 4 Referencd¢d Publications

| 4.1 Any undated reference to a codeor standard appearing in the requirements of this Standard shall be

interpreted as
4.2 The follo

ASME, Boiler

Hydrocarbons

Standardized

referring to the latest edition of that code or standard.
ving publications'are referenced in this Standard:

bnd VessehPressure Code

ASTM E28, §tandard Test Methods for Softening Point of Resins Derived from Pine Chemicals and

byyRing-and-Ball Apparatus

ASTM E230/E230M, Standard Specification for Temperature-Electromotive Force (emf) Tables for

Thermocouples

American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code

IEC 61000-4-5, Electromagnetic compatibility (EMC) — Part 4-5: Testing and measurement techniques —
Surge immunity test

NFPA 70, National Electrical Code
UL 94, Tests for Flammability of Plastic Materials for Parts in Devices and Appliances

UL 353, Limit Controls
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UL 508A, Industrial Control Panels

UL 873, Temperature-Indicating and -Regulating Equipment

UL 1004-1, Rotating Electrical Machines — General Requirements

UL 1998, Software in Programmable Components

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

UL 5085-3, Low Voltage Transformers Part 3: Class 2 and Class 3 Transformers

UL 60691, Th
UL 60730-1, 4

UL 60730-2
Requirement

UL 60730-2-
Requirements

5 Special Designations

5.1 A boiler
the applicablg
the ASME Co

uEn _[

ermal-Links - Requirements and Application Guide
\utomatic Electrical Controls for Household and Similar Use, Part 1: General R

B, Automatic Electrical Controls for Household and Similar~Use; Part

D, Automatic Electrical Controls for Household and Similar Use, Part

assembly shall be constructed, equipped, inspected, tested, and marked in ag

e symbol and one of the following-Designators.

for Automatic Electrical Pressure Sensing Controls Including Mechanical Req

for Temperature Sensing Controls

sections of the ASME Boiler and Pressure Vessel Code. The boiler marking

esignates a high pressure boiler [see 1.5(a)] constructed as follows:

1) The boiler pressure vessel has been assembled by a manufacturer other
manufacturer in aceordance with the ASME Boiler and Pressure Vessel Cq
Rules for Construction of Power Boilers or Section VIII, Division 1 as perm

equirements

2: Particular
uirements

2, Particular

cordance with
shall consist of

than the boiler
de, Section |,
tted by ASME

Boiler and Pressure Vessel Code, Section |, Part PEB, Rules for Constructipn of Pressure

Vessels;
2) The(pressure vessel is stamped with the ASME Code Designator "S", "M",

3)\Fhe boiler is assembled by methods that do not involve any welding or bra

br "U"; and

ring of parts to

the pressure vessel

"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 Construction of Heating
Boilers.

"M" — Designates a miniature boiler [see 1.5(c)] constructed in accordance with the ASME Boiler
and Pressure Vessel Code, Section |, 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.

"U" — This Designator, along with the letters "UB", applies only to a pressure vessel when the
vessel is constructed in accordance with the ASME Boiler and Pressure Vessel Code, Section VIII,
Division 1, Rules for Construction of Pressure Vessels. The boiler has been completed in
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accordance with Section |, Part PEB, of the ASME Boiler and Pressure Vessel Code, Rule for
Construction of Power Boilers.

6 Glossary
6.1 Forthep

6.1.1

urpose of this standard the following definitions apply.

CONTROL ENCLOSURE PANEL - An enclosure for individual electrical components to prevent

accidental contract with energized parts and to protect the components from physical damage.

6.2 PROTECTIVE (SAFETY ) CONTROL — A control intended to prevent the risk of electric shock, fire,
or injury to persans during abnormal operation of the appliance. An example would be a wate

r temperature

limit control. A

6.3 LIMIT C
temperature, |
the intended

electrical orm

6.4 LOW VQ
peak) supplieg
or by a combi
requirements

with a line vol
low voltage cir

6.5 OPERAT|
operation. An
provide Type
requirements,
Controls.

6.6 PORTAH

6.7 SAFETY|
the valve and

popping press|

6.8 SAFETY]

protective control always provides Type 2 action. (See definitions 6.11 and 631

ONTROL — A protective (safety) control that is responsive to changes

bperating range of the controlled equipment to limit its operation. This cg
bchanical in nature.

2.)

in pressure,

quid level, or flow. This control may be used for regulating purposes‘or may e set beyond

ntrol may be

LTAGE CIRCUIT — A circuit involving a potential of net more than 30 volts r

bstablished for a Class 2 transformer. A circujt obtained by connecting resist
age supply circuit as a means of limiting the voltage and current is not cons
Cuit.

ING CONTROL — A control intended to start or regulate the appliance ¢
example would be a water temperature-regulating control. An operating
| and Type 2 actions. (See definitions 6.11 and 6.12). However, for the purp
is not intended to provide-the regulating function of the boiler, see Sec

LE — A boiler that issmoved or can be easily moved from one place to another i

RELIEF VALVE= An automatic pressure relieving device actuated by pressur
Characterized by opening pop action with further opening with increase in pres
re.

s (42.4 volts

by a battery or by a standard Class 2 transformer of other acceptable transfdrming device,
hation of transformer and fixed impedance having“eutput characteristics in compliance with

nce in series
dered to be a

juring normal
control could
pses of these
ion 31, Limit

n normal use.
e upstream of

sure over the

stream of the

VVALVE — An automatic pressure relieving device actuated by pressure up

valve and cha

acterized by opening pop actior:

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;
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3) Water gage glass(es);
4) Pressure relief valves; and

5) Flow switches.

b) Low pressure steam boilers (Section 1V):

1) Water gage glass(es);
2) Steam gages; and

3) Pressure relief valves.

c) HiglL temperature hot water boilers (Section I):

d) Hig

6.11 TYPE
operating valy
for Automatid
60730-1.

6.12 TYPE
operating vall

1) Water gage glass(es);

2) Pressure gages;

3) Temperature gages; and

4) Pressure relief valves.

h pressure steam boilers (Section I):

1) Water gage glasses (including protective rods or shields on tubular water g
2) Water gage glass connections;

3) Gage cocks;

4) Pressure gages; and

5) Pressure relief valves:

1 ACTION — Automatic action for which the manufacturing deviation and
e, operating time,.or operating sequence have not been declared and tested t
Electrical Controls for Household and Similar Use, Part 1: General Req

P ACTHON — Automatic action for which the manufacturing deviation and
€,'opérating time, or operating sequence have been declared and tested to th

age glasses);

the drift of its
b the Standard
irements, UL

the drift of its
e Standard for

otrinal (S antrle £ arcebhald-and atdar llan Doet 4. O AanArs acHHrameania

UL 60730-1.

Automatic Ele

[« LR
CtHEaT-CORtrorSTorrouSenoraant—stmtat OSTT T alt . ooheTrar oYU CTierits,

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

CONSTRUCTION

7 Frame and Enclosure

7.1 General

711

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


https://ulnorm.com/api/?name=UL 834 2024.pdf

10

UL 834

JULY 8, 2024

spacings, loosening or displacement of parts, and other serious defects that alone or in combination
constitute an increase in the risk of fire, electric shock, or injury to persons.

7.1.2 An enclosure for individual electrical components, an outer enclosure, and combinations of the two

are considered

in determining compliance with 7.1.1.

7.1.3 An enclosure shall be reinforced or formed if necessary so that it is not likely to be damaged
through handling in shipment, installation, and use.

7.1.4 Among the factors taken into consideration when an enclosure is being judged for acceptability are:

a) Mechanical strength;

b) Res
¢) Mois
d) Conm
e) Res

f) Res
conditi

For a nonmetallic enclosure or part of an enclosure, all these factors are considered wj

thermal aging.

7.1.5 An outgr cabinet is to be judged with respectio'the size, shape, and thickness of meta

7.1.6 Anops
be located so
space, into ho

Exception: TH
manufacturing
(6.75mm) or 4

7.1.7 An ops
more baffles ti
like from the b
considered to

stance to impact;

ture absorptive properties;

stance to corrosion; and

bns of normal or abnormal use.

bustibility;

stance to distortion at temperatures to which the ‘enhclosure may be sulbjected under

ning for ventilation in the enclostire of a heater or in an externally mounted co
hat it does not vent into concealed spaces of a building structure such as into
low spaces in the wall, and.the like when the heater is installed as intended.

is requirement does not apply to an opening for a mounting screw or
operation (such'as paint drainage) if the opening has no dimension more th
n area no maré-than 0.055 square inch (35.49 mm?).

th respect to

|. See 7.3.1.

mponent shall
A false-ceiling

hail, or for a
an 17/64 inch

ning forventilation in the enclosure, other than in the bottom, shall be provided with one or

at will-reduce the likelihood of the emission of flame, molten metal, burning ins
bilerA baffle as illustrated in Figure 7.1 located between an electrical part and

ulation, or the
an opening is

he ar‘r‘npfnhln

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
accordance with Section 50.

Exception No.

a) The

2: Louvers in a vertical wall are acceptable without baffling if:

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 overcurrent-protective device.
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Figure 7.1

Relationship of baffle and electrical part

J

ELECTRICAL _
PART -7
— 7 BAFFLE —»
ENCLOSURE
OPENING
EC110 \I

7.2 Doors and covers

721 Thed
the closed po

7.2.2 The dq

a)ltg
low-vg

b) Uni
manua
7.2.5)
inside
to ope

Exception: A

a) Co
circuit

bor or cover of an enclosure shall be provided withiméans for holding it secu
ition.

or or cover of an enclosure shall be hingedhif:

ves access to any fuse, circuit breaker;yor manual reset temperature control
Itage circuit; and

ely in place in

n other than a

nsulated live parts are exposed during the routine replacement of the fuse or fesetting of the

| reset device. Such a dodror cover shall also be provided with an autom
or the equivalent. If live\parts other than the screw shell of a plug fuseholdeg
the enclosure, a captive screw or equivalent means, which requires the use ¢
N, shall be provided to secure the door or cover in place. See 7.2.3.

ninged cover is.not required for a device in which the only fuses enclosed are:

ntrol-cir€uit” fuses, provided the fuses and control-circuit loads (other than a
oad,“stich as a pilot lamp) are within the same enclosure; or

atic latch (see
r are exposed
f a tool or key

fixed control-

b) An

xiractor-tvne fuse with its own enclosure.
XHAGLOF=D/POHS - WHA-HS-OWH-BHGIOSHFE-

7.2.3 The captive screw may be omitted from the door or cover over the compartment housing the
uninsulated live parts if it is provided in the cover that must be opened to gain access to the door or cover.
An arrangement employing two mating hinged doors is acceptable if the automatic latch and captive screw
are provided only on one door if;

a) Tha

b) The

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

latch and screw will hold the other door closed.

7.2.4 A door or cover giving access to a fuse, circuit breaker, overload relay, or other overload-protective
device in other than a low-voltage circuit shall be tight-fitting and shall overlap the surface of the enclosure
around the opening.
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7.2.5 A spring latch, a magnetic latch, a dimple, or any other mechanical arrangement that will hold the
door closed and requires some effort on the user's part to open it is considered to be an acceptable means
for holding the door closed as required by 7.2.2.

7.2.6 A cover interlocking 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 securing the door
or cover closed.

7.2.7 If an opening is provided for access to a control that is intended to be reset, adjusted, or otherwise

manipulated f Y the—user-or-service pclauullci, it-strat-motbe puaai'uic to—contacttiveuninsylated or film-
coated insulatgd parts when examined in conjunction with Figure 7.2.
Figure 7.2
Acceptability of live part through adjustment opening
e D — A
— 7~
A \
7~
OPENING e \
-\ ADJUSTABLE
A Y MECHANISM
Ly - |
~ | S |
— ,
> D% 3 INCHES |
- (D+76mm)
~ /
~N
~N
~N
~ /
— ~N
a4
LIVE
EC 120A PART
A live part beyond an opening that may be used in making an adjustment that is considered to be a function of usgr servicing is not
considered to be @ccessible if a 1/16-inch (1.59-mm) diameter straight rod cannot touch the part when the rod is inserted through the
opening and movedito’all positions possible without producing an angle of more than 30 degrees between the rod|and a line drawn

between the center of the opening and the center of the 1ace of the adjusting mechanism. The length of the rod beyond the opening
shall not exceed the distance between the opening and the face of the adjusting mechanism by more than 3.0 inches (76.2 mm).

7.3 Enclosure thickness

7.3.1 Sheet metal that serves as an electrical enclosure shall comply with Table 7.1 and Table 7.2. An
enclosure thinner than specified in Table 7.1 and Table 7.2 shall comply with 7.1.1 with respect to the
following:

a) Location of the enclosure;
b) Construction and location of components; and

¢) The strength and rigidity of the frame and enclosure.
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Table 7.1
Minimum thickness of sheet metal for electrical enclosures — carbon steel or stainless steel
With supporting frame or equivalent
Without supporting frame? reinforcing® Minimum thickness in inches (mm)
Maximum width® | Maximum length® [ Maximum width® | Maximum length Uncoated Metal coated
inches (cm) inches (cm) inches (cm) inches (cm) (MSG) (GSG)
4.0 (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 (2013) Not limited 12.0 (30.5) Not limited 0.032 (0.81) 01034 (0.86)
9.0 (22]9) 11.5 (29.2) 13.0 (33.0) 16.0 (40.6) (20) 20)
12,5 (3118) Not limited 19.5 (49.5) Not limited 0.042 (1.07) 0]045 (1.14)
14.0 (356) 18.0 (45.7) 21.0 (53.3) 25.0 (63.5) (18) 18)
18.0 (45]7) Not limited 27.0 (68.6) Not limited 0.053 (1.35) 0]056 (1.42)
20.0 (5018) 25.0 (63.5) 29.0 (73.7) 36.0 (91.4) (16) 16)
22.0 (55]9) Not limited 33.0 (83.8) Not limited 0.060 (1.52) 01063 (1.60)
25.0 (63]5) 31.0 (78.7) 35.0 (88.9) 43.0 (109.2) (15) 15)
25.0 (63]5) Not limited 39.0 (99.1) Not limited 0.067 (1.70) 0}070 (1.78)
29.0 (73|7) 36.0 (91.4) 41.0 (104.1) 51.0 (129.5) (14) 14)
33.0 (838) Not limited 51.0 (129.5) Not limited 0.080 (2.03) 0j084 (2.13)
38.0 (9615) 47.0 (119.4) 54.0 (137.2) 66.0 (167.6) (13) 13)
42.0 (104.7) Not limited 64.0 (162:6) Not limited 0.093 (2.36) 01097 (2.46)
47.0 (119.4) 59.0 (149.9) 68.0 (av2.7) 84.0 (213.4) (12) 12)
52.0 (133.1) Not limited 80.0 (203.2) Not limited 0.108 (2.74) 0.111 (2.82)
60.0 (153.4) 74.0 (188.0) 84.0 (213.4) 103.0 (261.6) (11) 11)
63.0 (164.0) Not limited 97.0 (246.4) Not limited 0.123 (3.12) 0]126 (3.20)
73.0 (184.4) 90.0 (228:6) 103.0 (261.6) 127.0 (322.6) (10) 10)
@ A supporting frame is a structure 6f angle or channel or a folded rigid section of sheet metal which is rigidly attached to, and has
essentially the spme outside dimensions as, the enclosure surface and which has the torsional rigidity to resist the [pbending
moments which may be appliedwia the enclosure surface when it is deflected. Constructions that are considered t¢ have equivalent
reinforcing may pe accomplished by designs that will produce a structure which is as rigid as one built with a frame| of angles or
channels. Construction ¢onsidered to be without supporting frame includes:
1) A gingle.sheet with single formed flanges (formed edges);
2) A dingle-sheet-which-is-corrugated-ortibbed—and
3) An enclosure surface loosely attached to a frame, e.g., with spring clips.

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

¢ For panels which are not supported along one side, e.g., side panels of boxes, the length of the unsupported side shall be limited
to the dimensions specified.

9 Sheet steel for an enclosure intended for outdoor use is required to be not less than 0.034 inch (0.86 mm) in thickness if metal
coated and not less than 0.032 inch (0.81 mm) in thickness if uncoated.
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Minimum thickness of sheet metal for ellgg'li?:;ll.inclosures — aluminum, copper, or brass
With supporting frame or equivalent
Without supporting frame? reinforcing®
Maximum width® Maximum length® Maximum width® Maximum length Minimum thickness
inches
inches (cm) inches (cm) inches (cm) inches (cm) (mm) (AWG)
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 (rZ7) 6.0 (15.2) TU0.5 26.7) T35 (34-3) 074 (18)
6.0 (15.2) Not limited 14.0 (35.6) Not limited 01036 (18)
6.5 (16.5) 8.0 (20.3) 15.0 (38.1) 18.0 (45.7) (0.91
8.0 (R0.3) Not limited 19.0 (48.3) Not limited 0.045 (16)
9.5 (p4.1) 1.5 (29.2) 21.0 (53.3) 25.0 (63'5) (1.14
12.0 (B0.5) Not limited 28.0 (71.1) Not limited 0.058 (14)
14.0 (B5.6) 16.0 (40.6) 30.0 (76.2) 37,0 (94.0) (1.47
18.0 15.7) Not limited 42.0 (106.7) Not limited 0.075 (12)
20.0 (p0.8) 25.0 (63.5) 45.0 (114.3) 55.0 (139.7) (1.91
25.0 (p3.5) Not limited 60.0 (152.4) Not limited 0.095 (10)
29.0 ¥3.7) 36.0 (91.4) 64.0 (162.6) 78.0 (198.1) (2.41
37.0 (p4.0) Not limited 87.0 (221.0) Not limited 0.122 (8)
42.0 (106.7) 53.0 (134.6) 93.0 (236.2) 114.0 (289.6) (3.10
52.0 (132.1) Not limited 123.0 (312.4) Not limited 0.153 (6)
60.0 (152.4) 74.0 (188.0) 130.0 (330.2) 160.0 (406.4) (3.89
@ A supporting frgme is a structure of angle or channelor a folded rigid section of sheet metal which is rigidly attach¢d to, and has
essentially the sgme outside dimensions as, the, enclosure surface and which has the torsional rigidity to resist the pending
moments which hay be applied via the enclosure surface when it is deflected. Constructions that are considered tolhave equivalent
reinforcing may He accomplished by designs'that will produce a structure which is as rigid as one built with a frame pf angles or
channels. 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.
® The width is thel smallerdimension of a rectangular sheet metal piece which is part of an enclosure. Adjacent surfaces of an
enclosure may hve supports in common and be made of a single sheet.

¢ For panels which are not supported along one side, e.g., side panels of boxes, the lengih of the unsupported side shall be limited
to the dimensions specified.

94 Sheet copper, brass, or aluminum for an enclosure intended for outdoor use is required to be not less than 0.029 inch in thickness.

7.3.2 With reference to 7.3.1(a), the surface of an enclosure which will be protected from damage shall
not be less than 22 MSG or GSG (steel) or 18 AWG (aluminum, copper, or brass) unless a lesser
thickness meets the requirements in Table 7.1 and Table 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 Table 7.1 and Table 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 Table 7.1 and Table 7.2.
See7.1.5and 121.
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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.

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 particles, 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) Under a motor unless:

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

2) The motor is provided with a thermal motor protector (aprotective device t
to both temperature and current) that prevents the temperature of the motor

without causing the protector to cycle, and from<becoming more than 150°
the rotor of the motor locked; or

3) The protection provided with the motdriis such that no burning insula

becoming more than 125°C (257°F) under the maximium load under which t

material falls to the surface that supports the heater when the motor is en

nat is sensitive
windings from
he motor runs
C (302°F) with

ion or molten
ergized under

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

b) Ung
are co

er wiring, unless it is of the flame retardant type. Neoprene or thermoplastic i
hsidered to'be of this type.

nsulated wires

A switch, transformer, relay, solenoid, or a similar device shall be individually and complgtely enclosed
except at terminals, unless it is determined that malfunction of the component does not regult in a risk of
fire, or unless there are no openings in the bottom of the enclosure. An opening in the 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.

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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Figure 7.3

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

B — Projection of outline of component on horizontal plane.

C —Inclined line that traces out minimum area of barrier. When moving, the line is always:
1) Tangent 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 and 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) For
from the opening as specified in Table 7.3.

hall be spaced

Exception: THis requirement does not apply to a motor that already complies with 7.4.8.
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Figure 7.4

Articulate probe with web stop
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Table 7.3

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

b Between 3/4 i
specified in the

¢ Any dimensior]

9 More than 2-1

Minor dimension®or opening Minimum distance from opening to part
inches (mm)® inches (mm)®
3/4 (19.1)° 4-1/2 (114.0)
1 (25.4)° 6-1/2 (165.0)
1-1/4 (31.8) 7-1/2 (190.0)
1-1/2 (38.1) 12-1/2 (318.0)
1-7/8 (47.6) 15-1/2 (394.0)
2-1/8 (54-03 17.4/2 (444.0)
30 (7p2.0)
2See7.4.6.

ch (19.1 mm) and 2-1/8 inches (53.9 mm), interpolation is to be used to determine a value betweg
able.

less than 1 inch (25.4 mm) applies to a motor only.

8 inches (53.9 mm), but not more than 6 inches (152.0 mm).

n values

7.4.3 With 1
mentioned in

a) An

b) An
wire is

espect to a part or wire as mentioned in 7.4.2,.in_an integral enclosure
he Exception to 7.4.2:

bpening that has a minor dimension (see 7.4.6)1ess than 3/4 inch (19.1 mm) is
1) Film-coated wire cannot be contacted by the probe illustrated in Figure 7.6;

2) In a directly accessible motor (sée 7.4.7), an uninsulated live part cannot b
the probe illustrated in Figure 7.7; and

3) In an indirectly accessiblesmotor (see 7.4.7), an uninsulated live part canng
by the probe illustrated in Figure 7.5.

bpening that has alminor dimension of 3/4 inch (19.1 mm) or more is acceptg

spaced from the epening as specified in Table 7.3.

Figure 7.5

Probe for uninsulated live parts

bf a motor as

acceptable if:

e contacted by

t be contacted

ble if a part or
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Figure 7.6

Probe for film coated wire
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7.4.4 The probes mentioned in 7.4.2 and 7.4.3 and illustrated in Figure 7.4 — Figure 7.7 shall be applied
to any depth that the opening will permit; and shall be rotated or angled before, during, and after insertion
through the opening to any position that is necessary to examine the enclosure. The probes illustrated in
Figure 7.4 and Figure 7.7 shall be applied in any possible configuration, and if necessary, the configuration
shall be changed after insertion through the opening.
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7.4.5 The probes mentioned in 7.4.4 and 7.4.6 shall be used as measuring instruments to judge the
accessibility provided by an opening, and not as instruments to judge the strength of a material. They are
to be applied with the minimum force necessary to determine accessibility.

7.4.6 With reference to the requirements in 7.4.3 and 7.4.3, the minor dimension of an opening is the
diameter of the largest cylindrical probe having a hemispherical tip that can be inserted through the

opening.

7.4.7 With reference to the requirements in 7.4.3, an indirectly accessible motor is a motor that is:

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) Log
contadg

A directly acg
located so as

7.4.8 During
the outer enc|
attachment o
reasons, is tg
against the ri
against this ri

7.49 Withr

additionally enclosed.

8 Protectio

8.1 An unin
which require
guarded, or €
that are perfo

8.2 Mechan
adjusting wat
trip mechanis

ated at such a height, or is otherwise guarded or enclosed, so that it is
ted.

essible motor is a motor that can be contacted without opening.or. removing
to be accessible to contact.

the examination of a boiler in connection with the requirements in 7.4.2 or }
osure that may be removed without the use of tools by the user of the boile
f accessories, to allow access to means for making operating adjustment
be disregarded; that is, it will not be assumed-that the part in question affq
sk of electric shock. A warning marking as specified in 48.8 is not conside
bk of electric shock.

bference to the requirements in 7.4.2 and 7.4.3, insulated brush caps are not

h of Service Personnel

sulated live part, and meving parts within the enclosure likely to cause inju

examination, adjustment, servicing or maintenance while energized, sha
hclosed to minimize unintentional contact by service personnel performing se
med with the equipment energized.

cal seryice-functions which have to be performed with the equipment ene
br controlvalves, adjusting the setting of temperature or pressure controls, re
m,.;operating manual switches, oiling motors, and similar tasks. A factory §

unlikely to be

any part, or is

[.4.3, a part of
r to permit the
5, or for other
rds protection
red to reduce

required to be

ry to persons,
Il be located,
rvice functions

rgized include
setting control
et and sealed

control is not

considered to be adjustable.

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

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

a) Not located in front (in the direction of access) of the mechanism; and

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

Only uninsulated live parts involving a risk of electric shock are to be considered.
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8.5 Accessibility and protection from the likelihood of electric shock and personal injury may be obtained
by mounting the control components in an assembly so that unimpeded access is provided to each
component through an access cover or panel in the outer cabinet and the cover of the control assembly
enclosure with the following arrangement. See Figure 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

conside¢red to be bounded on the sides by the projection of the smallest rectanguilar perimeter

no clo?hamwwnmnmmgmmedfear space is
. The access

surrounding the outside edge of the components or control enclosure when provide

area is
openin
the corj

c) The
openin

considered to be bounded on the sides by the projection of the pefimeéeter
j in the outer cabinet to the closest rectangular perimeter surrounding the ot
nponent or control enclosure;

volume projected by the projected clear space of the control assembly f
j in the outer cabinet (within the access area) shall be“completely free of

includimg wiring;

d) Acc
access

e) Extr
shall b
openin
outsidg

bss to the components in the control assembly, shall not be impeded in th
by other components or by wiring in this assembly; and

pctor-type fuseholders and snap switches\tounted through the control assen
e located so that there is unimpeded.access to these components throug
j in the outer cabinet and so that they’are not immediately adjacent to uninsul
the control assembly enclosure, unless guarded. See 8.5.

of the access
tside edge of

o0 the access
obstructions,

e direction of

bly enclosure
h the access
hted live parts
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LIVE UNINSULATED PARTS

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 circuit and to moving parts.

while energizgd because they are located behind sub-bases or the equivalent and are not vigible when the

8.9 Nonadju{table magnetic motor controllers or magnetically operated relays which arg inaccessible
access panel

r panels are removed are not required to be accessible for service.

8.10 The follpwing are not considered to be uninsulated live parts:

a) Coils of controllers, relays and solenoids, and transformer windings, if the coils and windings are
providgd with suitable insulating overwraps, at least 1/32 inch (0.8ymm) thick;

b) Enclpsed motor windings;
c) Terminals and splices with acceptable insulation; and

d) Insulated wire.

8.11 There shall be a plainly marked "off" position/on or adjacent to a switch of other thanfa momentary
contact type iffthe switch controls parts that might-cause injury to persons. However, if this switch does not
de-energize a|l parts (components) having a*isk of injury to persons, a marking located afljacent to the
switch is to indicate such a condition exists-with the switch in the "off" position.

8.12 Electrichl components in a hoiler shall be so located that access for servicing or repldcement is not
unduly restricted. There shall be no'need to lift or remove unduly heavy parts, or reach to arms length to
remove heavy| parts. Large panels which need to be removed for replacement of heating ¢lements, and
the like, shall pbe provided with” handles. If hinged doors are provided into two portions befause of their
physical size, [one above,the other, a means shall be incorporated to maintain the upper dpor out of the
way when the Jower doonris opened.

9 Mechanicrl 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 securely and shall be prevented from turning. See 9.3.

Exception No. 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 operation of
the switch);

b) Means for mounting the switch reduce the risk that operation of the switch will loosen it;
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¢) The spacings are not reduced below the minimum required values when the switch rotates; and

d) Operation of the switch is by mechanical means rather than direct contact by persons.

Exception No. 2: A lampholder of a type in which the lamp is unable to be replaced (such as a neon pilot
or indicator light in which the lamp is sealed in a nonremovable jewel) is not prohibited from turning when
rotation does not to reduce the spacings below the minimum required values.

9.3 The means for preventing the turning mentioned in 9.2 shall consist of more than friction between
surfaces. For example, a properly applied lock washer shall be considered as a means of preventing a

device having

a single hole mounting means from turning.

9.4 Uninsuls
motion resultg

9.5 Friction
properly appli

10 Corrosiq

10.1 Iron an

equivalent me¢ans if the malfunction of such unprotected parts<results in a risk of fire, ele

injury to persq

Exception: Cé
vessels are n

10.2 The sh
water in whiclk

11 Electrica
11.1 A boile
have provisio
Code, NFPA T

11.2 The log
be such that t

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

petween surfaces shall not be the sole means to prevent shifting or.turning of |
d lock washer shall be considered to meet this requirement.

n Protection

d steel parts shall be protected against corrosion by-painting, galvanizing, p

ns.

st-iron parts, portions of heating element-flanges exposed to air, and ASME ¢
bt required to be protected against corrgsion.

path employed to enclose a heating*element shall be of a metal resistant to cc
the element is intended to be incontact.

I Supply Connections 6f,Permanently Connected Boilers

[ intended to be conhected to a plumbing system by other than flexible nonmet
h for connection-of-One of the wiring systems that, in accordance with the Nat
[0, would be appropriate for the boiler. See 15.1.

ation of a terminal box or compartment in which power supply connections 4
hese connections can be readily inspected after the boiler is installed as intend

shifting if such

ve parts, but a

lating or other
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poded pressure

rrosion by the

allic hose shall

onal Electrical

re made shall
led.

11.3 A term

boiler as to be prevented from turning with respect to the boiler.

nal compartment infended for connection of a supply raceway shall be so attached to the

11.4 A terminal or splice compartment shall be complete and shall enclose all field-wiring terminals and
all splices to be made in the field unless the boiler enclosure is otherwise complete, for example, if all
sides and a complete bottom are provided when the boiler is shipped from the factory. A ventilating
opening shall not be located in the bottom of the terminal compartment. If provided, openings in the sides
of terminal compartments shall be baffled.

11.5 Aterminal or splice compartment shall be so located that when conduit connections are being made
internal wiring and electrical components shall not be exposed to physical abuse or strain.
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12 Field Wiring System Connections

12.1 Sheet metal to which a wiring system is to be connected in the field shall have an average thickness
no less than 0.053 inch (1.35 mm) if uncoated steel, no less than 0.056 inch (1.42 mm) if galvanized steel,
and no less than 0.072 inch (1.83 mm) if nonferrous. For sheet metal and in an application other than part
of a wiring system, see Table 7.1 and Table 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 enclosure 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 cdnductors that affords protection to the conductors equivalent to that provided

conduit bushi
trade size of ri

12.3 A knoc
removed withd

12.4 A knoch
knockout by 4
point most like
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of 200 amperes per square inch (645 mm2)
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13.4 When the busway termination consists of aluminum bus bars, the boiler copper bus bars shall be
silver plated at the points of contact with the busway, and a spring washer shall be provided as part of the
connecting hardware. A spring washer is a dished washer of stainless or hardened and tempered steel
having an outer diameter not less than 150 percent of the bolt diameter, a thickness not less than 1/8 of
the bolt diameter, and dished not less than 3-1/2 percent of the bolt diameter. A typical spring washer is

shown in Figure 13.1.
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Figure 13.1

Spring washer

]
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13.5 The mjnimum spacings shown in Table 13.1 shall be maintained at bus bars Wwhere busway
connections gre to be made.

Table 13.1
Spacings for-busways
250 volts or less 251 -600 volts|

Locations Through air Over surface Through air Opver surface

inch (mm) inch (mm) inch (mm) inch (mm)
Between live pdrts of 3/4 (19:1) 1-1/4 (31.8) 1 (25.4) 2 (50.8)
opposite polarit
Between live pgrts and 12 (12.7) 1/2 (12.7) 1 (25.4) 1 (25.4)
dead-metal paris

13.6 A minifum of 1/4.inch (6.4 mm) through air or over surface shall be maintained between live parts
of opposite pplarity and\between live parts and dead metal parts with the busway installgd as intended
with the furnished.mounting hardware. Reference is to be made to busway drawings when the busway
terminal sectipnis.\not available for examination.

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

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: The terminals or leads may be sized at not less than 100 percent of the current rating of the
boiler when all of the following conditions are met:

a) The boiler is rated 50 kilowatts or more;


https://ulnorm.com/api/?name=UL 834 2024.pdf

28 UL 834 JULY 8, 2024

b) The boiler is intended for space heating;
c) The boiler is provided with supplementary overcurrent protection for the heating elements; and

d) The marking required by 57.19 is provided.

14.2 For the purpose of these requirements, field-wiring terminals or leads are considered to be the
terminals or leads to which power-supply, equipment grounding, or control connections will be 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 rated at 80 amperes or less, and that 75°C (167°F) wire will be used with a boiler rated at more

than 80 amperes.

14.3 A field-priri

securely faste]
screw may b
conductor if u

144 A field

friction betwe
mortises, by a
other equivale|
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nt method.

14.5 A wire-binding screw at a field-wiring terminal shall not be ‘smaller than No. 10, excej

screw may be
circuits, a No.
conductor.

14.6 A field-
inch (1.27 mm|
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l smaller-than 14 AWG (2.1 mm?), under the head of the screw or the washer.
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ns other than
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5s than 0.050
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5S as given in
g screw.

ze mentioned

14.9 A wire-inding 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 of that terminal shall be clearly shown in some other manner such as an attached wiring
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 be so identified.
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14.13 The free length of a lead inside an outlet box or wiring compartment shall 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 the field wiring supply connections are
enclosed in a motor terminal box or wiring compartment.

14.14 A knockout for connection of a field-wiring system to a terminal box or compartment shall
accommodate conduit of the trade size determined by applying Table 14.2.

Table 14.2
Trade size of conduit in inches?
|
\hire size Number of wires
AWG (mm?) 2 3 4 5 6
14 (2.1) 12 12 12 1/2 1/2
12 (3.3) 12 12 12 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 14/4 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
& This table is based on-the assumption that all conductors are of the same size and there are no more than 6 congluctors in the
conduit. If more|than’é conductors are involved or if all of them are not of the same size, the internal cross-sectiongl area of the
smallest conduit that may be used is determined by multiplying the total cross-sectional area of the wires by 2.5, based on the
cross-sectional area of Type THW wire.

15 Cord-Connected Boilers

15.1 A boiler which has no provision for connection to plumbing or condensate return, and is portable,
shall employ for supply connections a length Type S, SO, ST, STO, HSO, or HSOO cord, or the cord shall
be of a type having properties for the particular application.

15.2 If a boiler is provided with a directly attached flexible cord, an attachment plug shall be provided on
the cord for attachment to the supply circuit. If a directly attached flexible cord is not provided, the boiler
shall have terminals employing male blades, or the equivalent, that accommodates an appropriate plug.
The cord including fittings shall not be less than 6 feet (1.8 m) long.
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15.3 If the boiler does not have a permanently attached flexible cord, a cord set shall be provided. The
length of the cord set, including fittings, shall not be less than 6 feet (1.8 m) long.

15.4 If a flexible cord or separate cord set is provided with a boiler, the ampacity of the cord and the
rating of the fittings for the boiler rated at 15 amperes or less shall not be less than that of the boiler. For a
boiler rated at more than 15 amperes, the ampacity of the cord shall not be less than the current rating of
the boiler, and the current rating of the attachment plug shall not be less than 125 percent of the current
rating of the boiler.

Exception: A 20-ampere plug may be provided for a boiler rated not more than 4000 watts at 240 volts.

15.5 Supplementary insulation, if employed on a flexible cord, shall:

a) Not|extend more than 1/2 inch (12.7 mm) outside the boiler unless provided with additional
mechahical protection;

b) Be prevented from fraying or unraveling; and

c) Not affect the means for providing strain relief.

15.6 A flexible supply cord shall be provided with strain relief if mechanical stress on the supply cord may
be transmitted|to terminals, splices, or interior wiring.

15.7 Means pghall be provided to prevent the supply cord orléad from being pushed into th¢ enclosure of
a heater through the cord-entry hole when such displacement results in:

a) Subjecting 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;

¢) Redpcing spacings (such as to asmetal strain-relief clamp) below the minimum required values;
or

d) Damaging internal connections or components.

To determine fompliance, 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 flexiple cord shall
withstand for |1 minute, without displacement, a direct pull of 35, 50, or 100 pounds (154, 2P0, 446 N) as
described in 1p.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 boiler so that the strain-relief means will be stressed from any angle that
the construction of the boiler permits. The strain relief is not acceptable if, at the point of disconnection of
the conductors, there is such movement of the cord to indicate that stress on the connections would have
resulted.

15.10 At a point where a flexible cord passes through an opening in a wall barrier or enclosing case,
there shall be a bushing equivalent that shall be secured in place, or the opening shall have a smooth,
rounded surface against which the cord may bear.


https://ulnorm.com/api/?name=UL 834 2024.pdf

JULY 8, 2024 UL 834 31

15.11 A separate soft-rubber, neoprene, or poly-vinyl chloride bushing may be employed in the frame of
a motor or in the enclosure of a capacitor attached to a motor (but not elsewhere in a boiler except as
indicated in 15.12) provided that:

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, or other
substances having a deleterious effect on the compound employed.

15.12 A bushing of any materials mentioned in 15.11 may be employed at any point in a boiler if used in
conjunction with a type of cord for which an insulating bushing is not required, and if the edges of the hole
in which the bushing is mounted are smooth and free from burrs, fins, and the like.

16 Wiring épace

16.1 The space within the enclosure of a boiler shall provide ample room for“the installation and
distribution offwires and cables required for the proper wiring of the device.

16.2 The wife-bending space from a field-wiring terminal to a wall of the.enclosure and tg any barrier or
other obstrucfion that is part of the boiler shall be as specified in Table 16.4, except that if a hole, knockout,
or other provision for connection of a wiring system is provided in the wall opposite the tefminal it will be
considered to be obvious that a conductor will enter or exit the enclosure through that wall| and the wire-
bending spacg shall be as specified in Table 16.2.

Table 16.1
Minimum width of gutter and wire-bending space®®
Size of wire AWG or MCM (mm?) Wires per terminal®

1 2 3 4 5

14-10 (2.1-5.3) Not.Spécified - - - -

8-6 (8.4-133) 1-1/2 (38.1) - - - -

4-3 (21.1-26.7) 2 (50.8) - - - -

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

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

1/0 = 2/0 (53.5~674) 3-1/2 (88.9) 5(127) 7(178) - -

3/0 - 4/0 (85.0=107) 4 (102) 6(152) 8(203) - -

250 (127) 4112 (114) 6(152) 8(203) 10(254) -

300 — 350 T52="T77) 5 TZ7) B(203) TO(Z54) TZ(305) -
400 — 500 (203 — 253) 6 (152) 8(203) 10(254) 12(305) 14(356)
600 — 700 (304 — 355) 8 (203) 10(254) 12(305) 14(356) 16(406)
750 — 900 (380 — 456) 8 (203) 12(305) 14(356) 16(406) 18(457)

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

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

2 The table includes only those multiple-conductor combinations that are likely to be used. Combinations not mentioned may be
given further consideration.

® The main connection for a neutral is considered to be a terminal; that is, neutral branch terminals are not included when
determining the number of wires per terminal.

¢ For ampacities 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 based on the use of 60°C (140°F) insulation wire.
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Table 16.2
Wire-bending space at terminals

Minimum bending space, inches (mm)
Wire size AWZG orMCM Wires per terminal
(mm?)
1 2 3 4 or more
14 - 10 AWG (2.1-5.3) Not specified - - -
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 (33.6) 3-1/2 (88.9) - - -
1 (42.4) 4-1/2 (114) - - -
1/0 (53.5) 5-1/2 (140) 5-1/2 (140) 7 (178) -
2/0 (67.4) 6 (152) 6 (152) 7-1/2 (d91) -
3/0 (85.0) 6-1/2 (165) 6-1/2 (165) 8 (203) -
4/0 (107) 7 (178) 7-1/2 (191) 8-1/2 (216) -
250 (127) 8-1/2 (216) 8-1/2 (216) 9 (229) 10 (254)
300 (152) 10 (254) 10 (254) 1 (279) 12 (305)
350 (177) 12 (305) 12 (305) 13 (330) 14 (356)
400 (203) 13 (330) 13 (330) 14 (356) 15 (381)
500 (253) 14 (356) 14 (356) 15 (381) 16 (406)
600 (304) 15 (381) 16 (406) 18 (457) 19 (483)
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) 24 (610) - - -
1750 (887) 24 (610) - - -
2000 (1010) 24 (610) - - -
16.3 If a conductorisrestricted by barriers;branch=circuit-units; or-othermeans-from bcillg bent in a 90-

degree or S-bend from the terminal to any usable location in the wall of the enclosure, the distance is to be
measured from the end of the barrier or other obstruction.

16.4 The distance mentioned in 16.2 is to be measured in a straight line from the edge of the wire
terminal closest to the wall in a direction perpendicular to the wall or barrier. The wire terminal is to be
turned so that the axis of the wiring opening in the connector is as close to perpendicular to the wall of the
enclosure as possible without defeating any reliable means provided to prevent its turning— such as a
boss, shoulder, walls of a recess, multiple bolts securing the connector, or the like. A barrier, shoulder, or
the like is to be disregarded when the measurement is being made if it does not reduce the radius to which
the wire must be bent. The main connection for a neutral is considered to be a terminal — that is, neutral
branch terminals are not considered in this determination. If a terminal is provided with one or more
connectors for the connection of conductors in multiple, the distance is to be measured from the wire
opening closest to the wall of the enclosure. If the connectors for a circuit are fixed in position — for
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example, by the walls of a recess — so that they are turned toward each other, the distance is to be
measured at the wire opening nearest to 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 wire opening in
the direction the wire leaves the terminal. The connector is not to be oriented so that the wire will be
directed into a corner of the box to such extent that the transverse wall would necessitate additional
bending.

16.5 A terminal compartment is considered to be a space into which wires are brought only for

connection to

17 Stability

terminals in that space.
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degrees from
other units or
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Ability of a cord-connected boiler shall be such that it does not overturn
its intended freestanding position with all doors opened. The boiler‘is, not t

vhen tilted 10
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secured to the floor or other part of the building while its stability is peing determined.

Carrying Parts

Metal ¢mployed for a current-carrying part shall be acceptable“for the application.

used for current-carrying parts when the temperatdre of which during norm
D°C (212°F), but plain (unplated) iron or steel shall'not'be used regardless of te
ictor, unless tinned, nickel-coated, silver-plated, or otherwise protected,
b temperature rise of more than 125°C (225°F) at a pressure terminal con
ise of more than 175°C (315°F) elsewhere: Stainless steel and other corr:
used for current-carrying parts regardless of temperature.

n or steel, when provided with an acceptable corrosion-resistant coating, may
g part as follows:

a) Within a motor or associated-governor;

b) On
c) For

19 Internal

B control device; or

a heating eleméent-assembly, including its terminations.

Wiring

19.1 Generrl

Plated iron or
bl operation is
mperatures. A
shall not be
hector, or to a
bsion-resistant

be used for a

19.1.1
considered wi

a) The

th respect to:

temperature and voltage to which the wiring is likely to be subjected;

b) Its exposure to oil or grease; and

c) Other conditions of service to which it is likely to be subjected.

The internal wiring of a boiler shall consist of wires of a size rated for the application when

19.1.2 For the purpose of these requirements, the internal wiring of a heater is considered 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
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maintain spacings in accordance with Table 35.1. A conductor utilizing beads shall not be used outside an
enclosure.

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 FHH-2; and thermoplastic-insulated conductors such as Types TF, TFF, TFN, and TFFN.
19.1.7 Flexihle cord for internal wiring includes Types HPN, HS, HSJ, HSJO, HSO;"S, $J, SJO, SJT,
SJTO, SO, ST| STO, SP-2, SP-3, SPT-2, and SPT-3.
19.1.8 Appliance wiring material used for internal wiring shall have thermoplastic insulation|not less than:
a) 1/32|inch (0.8 mm) thick for 18 — 10 AWG (0.82 — 5.3 mm?);
b) 3/64inch (1.2 mm) thick for 8 AWG (8.3 mm?); or
c) 1/16|inch (1.6 mm) thick for 6 — 2 AWG (13.3 — 33.6.mm?).
19.2 Methods
19.2.1 The wiring and connections between external parts of a boiler shall be protectedq or enclosed,
except that if flexibility of the wiring is essential, flexible cord (see 15.1) may be employed for external

interconnectio

19.2.2 Intern
protected as
comply with 7|
protected or g

ns, or for internal connections that may be exposed during servicing.

equired by 19.2.1 ify, when judged as though it were film-coated wire, the
1.1 and 7.4.2. Internal wiring within an enclosure that can be touched with the
uarded so that(it,cannot be grasped or hooked in a manner that would subije

al wiring that is exposed\through an opening in the enclosure of a boiler is comsidered to be

wiring would

brobe shall be

ct the wire to

stress.

e material or
trical metallic

19.2.3 If the
subjected to n
tubing, metal n

wiring.of a boiler is located so that it could be in proximity to combustib
nechanical damage, it shall be in metal-clad cable, rigid metal conduit, eleg
aceway, or similarly protected.

19.2.4 Wiring shall be protected from sharp edges (including male screw threads), burrs, fins, moving
parts, and other features that might abrade the insulation on conductors.

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.

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.
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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 boiler comprised of several units intended to be interconnected in the field shall have provisions
for accepting field-wired conductors between the units. The boiler shall be constructed so that conduit,
metal raceway, armored cable or the like can be employed for connection of such wiring in accordance

with the Natio
20 Splices

20.1  All spli

soldered conmection shall be made mechanically secure before being soldered’if breaking

the connectio

20.2 A splic

spacing betwg¢en the splice and other metal parts may not be maintained.

20.3 Insulat
friction tape o
consisting of
given to such
and the like. T

20.4 Them
strands of wir
contact dead
soldering lugq

21

211 Unless
circuits (interr

shall be segfegated~and shall, in any case, be separated or segregated from uninsulg

connected to

Separation of Circuits

nal Electrical Code, ANSI/NFPA 70.

Ces and connections shall be mechanically secured and shall provide electr,

h results in a risk of fire or electric shock.

b shall be provided with insulation equivalent to that of the wires involved if

on consisting of two layers of friction tape, two layers of thermoplastic tape, or
h top of one layer of rubber tape, is acceptable on a splice. In determining if s
coated-fabric, thermoplastic, or other type-of tubing is acceptable, conside
factors as its dielectric properties, heat-résistance and moisture-resistance (¢
hermoplastic tape shall not be wrapped over a sharp edge.

bans of connecting standard internal wiring to a wire-binding screw shall be s
e cannot contact other live parts that are not always of the same polarity as th
metal parts. This may~be accomplished by the use of pressure termin
, crimped eyelets, soldering all strands of the wire together, or other equivalent

provided~with insulation rated for the highest voltage involved, conductg
al wiring,including wires in a terminal box or compartment) shall be separateq

Hifferent circuits.

cal contact. A
br loosening of

ermanence of

of one layer of
blice insulation
ration is to be
haracteristics,

uch that loose
e wire, or that
bl connectors,
means.

rs of different
by barriers or
ted live parts

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) Field-installed and factory-installed conductors of any other circuit, unless the conductors of both
circuits 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 any uninsulated live parts the
short-circuiting of which would result in operation of the boiler that could cause a risk of fire, electric

shock,

or injury to persons, except that:

1) A construction in which field-installed conductors may make contact with wiring terminals
is acceptable provided that Type T or equivalent conductors are or will be installed; and
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2) A construction in which field-installed conductors that do or may have insulation less than
the types of wire mentioned in (1) may make contact with low-voltage wiring terminals
provided that the short-circuiting of such terminals would not result 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 barrier or one having openings for the passage of conductors
may be employed, provided adequate instructions for the use of the barrier are a permanent part of the
appliance. If complete instructions in conjunction with a wiring diagram will provide for the intended
separation of the high and low-voltage circuits, the barrier may, upon investigation, be omitted.

21.5 Segregation of field-installed 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,u
parts) so that there will be no intermingling of the conductors or parts of different circuits) If
openings in the enclosure does not exceed the minimum required for the intended wiring of
if each opening is located opposite a set of terminals, it is to be assumed for the purpose ¢
compliance w|th 19.2.5 that the conductors entering each opening will be cennected to
opposite the ppening. If more than the minimum number of openings is provided, the
conductors entering at points other than opposite the terminals to which they are intended to
and contacting insulated conductors or uninsulated current-carrying parts,connected to a diffi
to be investiggted. To determine whether or not a boiler complies with the requirements in 19|

insulated live

The number of

he boiler, and
f determining
the terminals
possibility of
be connected
erent circuit is
12.5, itis to be

b left in each
g this slack in

wired as it would be in service, and in doing so, a reasonableiamount of slack is to b
conductor within the enclosure, and no more than average care is to be exercised in stowin
the wiring compartment.

22 Barriers
22.1 A barrig metal or other
0 mechanical
5 shall not be
e opening per
for any other

e area of any
he necessary

r used to provide separation between the wiring of different circuits shall be of
material, of adequate mechanical strength if exposed or otherwise likely to be subjected {
damage, and |securely held in place. Openings in a barrier for the passage of conductor
larger in diaméter than 1/4 inch (6.4 mm)-and shall not exceed in number, on the basis of on
conductor, thg number of wires that ‘will need to pass through the barrier. The closure
opening shall jpresent a smooth surface wherever an insulated wire may contact it and th
such opening,|with the closure removed, shall not be larger than required for the passage of
wires.

22.2 A barrig
be of greater t

r of metal.or-of insulating material shall not be less than 0.028 inch (0.71 mm)|thick, or shall

nickness.if its deformation may be readily accomplished to defeat its purpose.

23 Heating Elements

23.1 A heating element shall be securely supported. It shall be protected against mechanical damage
and contact with outside objects.

23.2 In determining whether a heating element complies with the requirement in 23.1, consideration is to
be given to sagging, opening, and other adverse conditions of the element resulting from:

a) Continuous heating; or

b) Flexing of the element supports, or related wiring due to alternate heating and cooling of the
boiler.

23.3 A wrap-around element shall be secured in place so that it cannot loosen. An investigation may be
necessary to determine whether the construction complies with this requirement.
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24 Electrical Insulation

241 Insulating washers, bushings, and the like, that are integral parts of a boiler, and bases or supports
for the mounting of current-carrying parts shall be of a moisture-resistant material that will not be damaged
by the temperatures to which they will be subjected under conditions of actual use. A molded part shall be
constructed so that it will have the mechanical strength and rigidity necessary to withstand the stresses of
actual service.

24.2 Insulating material employed in a boiler is judged with respect to its application. Materials such as
mica, some molded compounds, and certain refractory materials, are usually acceptable for use as the
sole support of live parts; and some other materials that are not for general use, such as magnesium
oxide, may be considered to be acceptable if used in conjunction with other insulating materials or if

located and
minimized.
standard, co
heat-resistan
bearing on th
actual servic

24.3 Inthe
be tight enoug

25 Thermal

251
for Flammabi
considered to|

25.2 Thermal insulation that is not adequately rigid shall be mounted or supported to

sagging. Adh
the temperaty

25.3 Detern
mechanically

25.4 Electriq
boiler.

25.5 Minera

Thermal insulation shall be of a material classed M<¥ as described in UL 94, the Star

rotected so that mechanical damage is prevented and the absorption
en it is necessary to investigate a material to determine whether or not_it \cor
ideration is to be given to its mechanical strength, dielectric strengthinsulat
qualities, the degree to which it is enclosed or protected, and any \ether fea

risk of fire, electric shock, and injury to persons involved, in caonjunction witl
. All of these factors are to be considered with respect to thermal aging.

bf moisture is
nplies with the
on resistance,
fures having a
n conditions of

ounting or supporting of small, fragile, insulating parts, secrews or other fast¢ners shall not

h to cause cracking or breaking of these parts with expansion and contraction

Insulation

ty of Plastic Materials for Parts in Devices-and Appliances. Glass fiber and m
be classed V-1.

psive material employed for mounting thermal insulation shall retain its adhesi
res to which the adhesive'may be subjected in intended operation.

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

ally conductive thermal insulation shall not make contact with uninsulated

weol thermal insulation containing conductive impurities in the form of sla

dard for Tests
neral wool are

revent it from
ve qualities for

| insulation is

ive parts of a

g shall not be

hi At arta

used in conta

26 Motors

26.1
electric shock

1 Lvia
COWIt T v e oartsSs

, or injury to persons.

26.2 A motor winding shall resist the absorption of moisture.

A motor shall be capable of handling its maximum intended load without introducing a risk of fire,

26.3 With reference to the requirement in 26.2, film contact magnet wire is not required to be additionally
treated to prevent absorption of moisture, but fiber slot liners, cloth coil wrap, and similar moisture-
absorbent materials shall be impregnated or otherwise treated to prevent moisture absorption.


https://ulnorm.com/api/?name=UL 834 2024.pdf

38

UL 834

JULY 8, 2024

27 Overcurrent Protection

271

Heating element circuits

27.1.0 A boiler that is rated 120 amperes or less shall have the branch circuit protected by an
overcurrent protective device rated not more than 150 amperes.

2711

A boiler that 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 p
independent

27.1.3 The
type recogniz
fuse used for
J,K,R,orTc
27.2 Interna
27.2.1 Each
more than 40
boiler. If the b
intended for
foregoing requ
27.1.

Exception No.
protective deV
also complies

Exception No.
a) No |
b) That

c) Thaf

ounting for use with the heater.

ercurrent protection mentioned in 27.1.1, 27.1.2, 27.3.1 — 27.4.1, and|27.4.2

assembly, for

shall be of a

d by the National Electrical Code, ANSI/NFPA 70 for branch circuit/protectio
his purpose shall include Class CC (30 amperes maximum), G (60 amperes
rtridge fuse. A plug fuse is 125 volts maximum.

conductors

bus bar and insulated wire in a heating element cifcuit or a motor circuit in b

biler is intended for connection to more than one branch circuit, each sectio
onnection to a different branch circuit. i to be considered individually in
irement. The rating of the overcurrent-protective device shall be in accordar

1: If the internal wiring of the, boiler is sized in accordance with Table 27.1, tH
ice is not required to be integral to the boiler, provided the branch circuit pro
with the corresponding maximum rating in Table 27.1.

2: The requirementin 27.2.1 does not apply to a conductor:
bnger than 10.feet (3 m);
is completely within the enclosure of the boiler;

termihates in its load end in one or more overcurrent protective devices; and

n. A cartridge
maximum), H,

bilers rated at

amperes shall be protected by an overcurrent protective device provided as part of the

n of the boiler
applying the
ce with Table

e overcurrent
fection device

d) Tha

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 protective devices
supplied by a conductor.

27.2.2 Deleted July 1, 2009

27.2.3 The screw shell of a plug fuseholder shall be connected toward the load.
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Table 27.1
Largest acceptable protective device
Conductor protected within the appliance Current rating of
. largest acceptable
Kind of Copper Aluminum overcurrent
conductor 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
I (43-3) 4 24-2) 175
Copper Low enough to limit the currer|t density in the

Solid Bus Bars

bus bar to 3000 amperes, per
(4.458 amperes per 'square m
bar cross section

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

Low enough toHimit the curren
bus bar t0.2000 amperes per

(3.100 ampéres per square m
bar cress section

Aluminum having a conductivity of 55
percent of IACS

lkow ehough to limit the currer
bus bar to 1776 amperes per

(2.753 amperes per square m
bar cross section

bquare inch
llimeter) of bus

t density in the
bquare inch
llimeter) of bus

t density in the
tquare inch
limeter) of bus

27.3 Motors

2731 Am
overcurrent [
overcurrent p
with 27.1.2 th

Exception: TH
connected to

ptor circuit shall be protected against short circuit and ground fault con
rotective device conforming with-the National Electrical Code, ANSI/NH
fotection shall be provided as part of the boiler or as a separate assembly if,
b overcurrent protection is provided by the manufacturer for the heater circuits.

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

27.3.2 The
provide the p
with Section 4
than that of th

acceptability of the motor-circuit short circuit and ground fault overcurrent prote

otection required in 27.3.1 shall be determined by limited short circuit tests

6 with anyovercurrent protective device of the same type and having a curren
overcurrent protective device protecting the motor circuit and the boiler.

ditions by an
PA 70. Such
in accordance

output) or less

ctive device to
in accordance
rating no less

onforming with

the National Electr/cal Code, ANSI/NFPA 70 for the motor-CIrcwt /nvo/ved and if the motor 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) The motor circuit is protected by fuses.

b) The motor overload protective device conforms with the applicable requirements for such
devices.

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
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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.

e) A separate circuit is not connected to the overload device, such as an overload relay with
contacts in a low-voltage control circuit.

27.3.3 With reference to (d) of Exception No. 2 to 27.3.2, conductors that comply with any of the

following are

ccabtablawithout short circuit teasts-
Sad A8 WO U-SHO-GHGHHTtEEtS-

a) The
ANSI/N

b) The
are pro

c) The
condud

conductors have an ampacity no less than that required by the National El
FPA 70 for the load connected to the overcurrent device protecting the' circuit.

conductors are 18 AWG (0.82 mm?) or larger and are no more than, 4 feet (1.2}
tected by a 60-ampere or smaller fuse.

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

27.4 Receptacles and lamps

27.4.1 Overqg
for each gene
circuit rated at

27.4.2 Overqg
fuses, as part

urrent protection at no more than 15 amperes shall be provided by a fuse or

betrical Code,

P m) long, and

bntrols, or the

circuit breaker

al-use single receptacle, unless the equipment would be connected as intended to a branch

15 amperes or less.

urrent protection at not more than 20 amperes shall be provided by a circ
bf the boiler:

a) For ¢ach general-use duplex.receptacle circuit; and

b) For
unless

27.4.3 Aneo
at 20 amperes

each lampholder citcuit, except as indicated in 27.4.3, independent of a hes
the boiler would-be‘connected as intended to a branch circuit rated at 20 ampe

it breaker or

ting element,
res or less.

n pilot lamp.that is integral with the lampholder is not required to have overcurnent protection

or less!

27.5 Contro

circuits

27.5.1

For the 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 not carry main power current. If a control circuit is supplied through a transformer
provided as part of the equipment, see Transformer Overcurrent Protection, Section 24 for additional
requirements.

27.6 Direct-connected high-voltage control circuit

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

27.7.1 For the purpose of these requirements, a tapped high-voltage control circuit is a circuit that is
tapped within the boiler from the load side of the overcurrent device or devices for the controlled load.
Such a circuit shall be protected in accordance with 27.7.2 — 27.7.4. A control circuit that is tapped from
the main power supply circuit at a point outside the control equipment enclosure shall be protected as
specified in Column A of 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 protection. The
rating of the overcurrent protective device, or devices, shall not exceed the applicable value specified in

Table 27.2.

Exception No|
mm) in lengt
breakers rate

Exception Ng
withstand the

Exception Nd
overcurrent p

Exception No
that is conneg
overcurrent d

1: 18, 16, and 14 AWG (0.82, 1.3, and 2.1 mm?) conductors that do not exc
1 between points of opposite polarity may be protected by fuses or "HACH
)/ 60 amperes or less.

. 2: An overcurrent protective device of a higher rating may‘be” used if t
Short Circuit Test specified in Section 50.

. 3: A lead 12 inches (305 mm) or less in length is‘\not required to be
fotection.

4: A control circuit conductor, supplied from the secondary of a single-pha
cted so that only a 2-wire (single voltage) secondary is used, may be prn
bvice or devices located on the primary side-of the transformer provided:

bed 4 feet (1.2
R Type" circuit

he conductors

provided with

e transformer
ptected by an

a) This protection is in accordance with>requirements specified in Transformdr Overcurrent
Protedtion, Section 24; and
b) Theg rating of the device does nofiexceed the applicable value specified in Table 7.2 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, amgeres
Copductor size
Circuit does not leave enclosure Circuit leaves enclosure
AWG (mm?) Copper Aluminum? Copper Aluminum?
18 (0.82) 25 = 7 -
16 (1.3) 40 - 10 -
14 (2.1 100 - 45 -
12 (3.3) 120 100 60 45
10 (5.3) 160 140 90 75
Larger than 10 (5.3) b b c c

2 Includes copper-clad aluminum.
b 400 percent of value specified for 60°C conductors in Table 310.17 of the National Electrical Code, ANSI/NFPA 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 Overcurrent protection for a tapped control circuit conductor, as required by 27.7.2, shall be

provided as part of the equipment.
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Exception: The overcurrent device or devices is not required to be provided as part of the equipment |if,
based on the marked rating or ratings of the equipment, the rating of the branch circuit 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 provided for all ungrounded conductors; and

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

27.7.5 The control circuit overcurrent protective device shall be:

ircuit-breaakar accentable-forbranch circuit nrotaction-
a) A cirguitbreakerassceptableforbranch-circuit-protection:

b) A fuse acceptable for branch circuit protection, such as a Class CC, G, H,l4, K, L, R, or T
cartridge fuse or Type S plug fuse; or

c) A sypplementary type fuse having a short-circuit rating acceptable for-the circuif in which it is
used.

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

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

a) Be provided with thermal overload proetection in accordance with the requirements in 28.1.2;

b) Be protected by an overcurrentdevice in accordance with the requirements in 28.1(4; or

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

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

Exception: If the.thermal overload protective device provided is a nonrenewable thermal cufoff, a burnout
test is to be conducted in place of the overload test. See Burnout Test — High-Voltage 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 protector shall have an endurance
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. Compliance
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 requirements specified in 28.1.5 — 28.1.8.
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28.1.5 Except as noted in 28.1.6 and 28.1.7, a high-voltage transformer shall be protected by an
overcurrent device or devices located in the primary circuit and rated or set as indicated in Table 28.1 for
the primary.

Table 28.1
Rating of transformer overcurrent protective devices
Rated primary or secondary current, Maximum rating of overcurrent device. Percent of transformer current rating
amperes when in:
Primary Secondary

Less than 2 3002 167
2 or more, less than 9 167 167
9 or more 125 125
2 If an uninsulatgd live part is not rigidly supported, or if a movable dead metal part is in proximity to an uhinsulated live part, the
construction is t be such that the minimum spacing will be maintained under all operating conditions.

28.1.6 Overpurrent protection in the primary circuit of a transformer, asvdescribed in [28.1.5, is not
required to He provided as part of the equipment if, based on the‘*marked rating or |ratings of the
equipment, the rating of the branch circuit overcurrent protective device or devices does ot exceed the
values specified in 28.1.5.

28.1.7 If thg circuit supplying a transformer other than an.autotransformer is provided with overcurrent
protection rafed or set at not more than 250 percent of, the rated primary current of the transformer,
additional ovgrcurrent protection is not required in the(primary circuit provided the secondary circuit is
protected by & protective device provided as part of the equipment, and rated or set as ind|cated in Table
28.1 for the s¢condary.

28.1.8 Arequired transformer overcurrent protective device provided as part of the produc{ shall:
a) Be provided for all ungrounded-conductors; and
b) Hae a voltage rating notless than the circuit in which it is used. The device shall Qe:
1) A circuit breaker acceptable for branch circuit protection;

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

3)NAfuse of the supplementary type (a type other than indicated in (b)), provided the fuse
hac o chaort ctear it rotin sy oot for th PATY-ARIE BT TV 24P S S P- SR T-9-V- B <] Ch .-t Circuit Test
"o d oriururoirouie ratdal IH GUUUHLQUIU TUT TS UITouUuIt1mmrvwinoiTit 1o UoUU. YOO JTTuUI ]

Section 50.

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

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.
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29 Lampholders

29.1

exposed to contact by persons removing or replacing lamps in user service.

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

Exception: This requirement does not apply if, in order to remove or replace a lamp, it is necessary to
dismantle the boiler by means of tools. See 8.12.

30 Switches

30.1
application an

shall have a current and voltage rating not less than that of the circuit (load) t

A switch or other control device provided as part of a boiler shall be of a type intended for the

at it controls.

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

is to be at lea
been investigd

30.3 A switc

damage during use.

30.4 A manJ
control power
both.

30.5 A switc
open, disconn

30.6 A switc

limited numbe
connections tg

30.7 A switc
acceptable for

31

31.1 A boile
automatically

Limit Controls

5t twice the rated full-load current of the component that is controlled unless t
ted and found to be acceptable for the application.

N employed on a boiler shall be located or protected so that it is'riot subjected

ally operated switching device (or a pilot device) that sérves to interrupt the n

ning device that interrupts the main boilet;\control power-supply circuit, or bo
bct all ungrounded conductors of that circuit.

h or other means of control such as a sequencing device intended to provide fq
- of elements at one time shall be so located or of such a type at the user cann
energize more elements than‘intended.

h that controls a medium-base lampholder of other than a pilot or indicating
use with tungstenp=filament lamps.

- shall\be' equipped with two factory installed limit controls. One control is
[eset type for regulating the intended boiler operation (i.e. Operating Control

control is to b

nductive load
he switch has

0 mechanical

hain heater or

supply circuit to the boiler shall be marked to indicate the "on" position, "off" position, or

h shall, when

br the use of a
ot change the

light shall be

to be of the
. The second

‘of the manually reset type for back-up protection (i.e. Protective or high lim

t 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
Requirements for Automatic Electrical Pressure Sensing Controls Including Mechanical Requirements, UL
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 investigated to the requirements of:

a) The Standard for Limit Controls, UL 353; or
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b) Type 2 Protective Control requirements per the Standard for Automatic Electrical Controls for
Household and Similar Use, Part 2, Particular Requirements for Temperature Sensing Controls, UL

60730

-2-9.

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

31.1.4 Temperature limit controls shall have no more than a 2.8°C (5°F) initial variation from rated
operating temperature and shall have no more than a 5.5°C (10°F) or 5 percent variation, whichever
greater, from initial operating temperature after testing in accordance with the Operation and Endurance
Tests of the Standard for Limit Controls, UL 353.

31.1.5 Pres
pressure and
Tests of the §

A

3116 As &
investigated t

1, and

tandard for Limit Controls, UL 353.

n alternate to 31.1.1 — 31.1.5, temperature and pressure, limiting con

sure limit controls shall have no more than a 5 percent variation from,ra
from initial operating pressure after testing in accordance with the Operation g

ted operating
nd Endurance

trols shall be

b the Standard for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-

a) For|temperature controls, the Standard for Automatic~Electrical Controls — Part [2-9: Particular
Requifements 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 Househgld and Similar
Use; Part 2-6: Particular Requirements for\ Automatic Electrical Pressure Serfsing Controls
Including Mechanical Requirements, UL 60730-2-6 utilizing the declarations spegified in Table
31.1.
Table 31.1
Limit control parameters
UL 607301,
Table 1 item
number? Information Control requirement
6 Purpese of control Manually Reset Thermal Cut-Out ¢r Pressure
Sensing Control, as applicable
7 Type of load controlled AC heater load
26 Number of Manual cycles (M) 6000: 1000 with load 5000 withoutjload
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 Manufacturing deviation, maximum +2.8°C (x5°F) for thermal cut-out
5 percent for pressure sensing control
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), whichever is the greater
48 Operating value 121°C (250°F) setpoint for thermal cutout

As declared for pressure sensing control

Table 31.1 Continued on Next Page
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Table 31.1 Continued

UL 60730-1,
Table 1 item
number® Information Control requirement
49 Pollution degree Pollution degree 2°
52 The minimum parameters of any heat dissipater Must be specified
(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 3.|Overvoltage
category Il
69 Software Class c
74 External load and emission control measures to be | Must be specified
used for test purposes
91 Fault reaction time Must be specified
92 Class or classes of control function(s) C

@ This table shod

® Pollution Degrg

¢ For the purpos
of the Standard
Standard should
immunity test, Al
3.

4 Does not apply

Id be used as a correlation for the parameters specified for the Standard for Limit Controls, UL 353

e of the tests specified in the Electromagnetic compatibility{(EMC) requirements — immunity, Annex
or Automatic Electrical Controls - Part 1: General Requirements, UL 60730-1, the products covere
be considered as: a) Installation Class 3 for indoor use; or 4 for outdoor use (See the Explanatory
nex R, of UL 60730-1); b) Overvoltage Category,lll applies for permanently-connected equipmen

to electromechanical controls or controls with protection implemented in hardware only — see Iten]

e 2 applies except when the manufacturer declares Pollution Dégreé 3 due to exposure of conderjsation or water
to the control dufing normal operation.

, evaluations.

H, Section 26
d by this

notes for surge
; ) Test Level

92.

31.2 Indeter

a)Alo
control
pressu

b) A W
shutdo
tempern

mining compliance with 31.4:

W pressure and a highpressure steam boiler shall be provided with pressure
5 that operate to shutdown the boiler before the pressure exceeds the maxin
'e, as applicablg; 'see pressure limits of 1.5.

ater boilertshall be provided with temperature operated limit controls th

ature.Eor a low pressure hot water boiler, see 1.5, the maximum operating

shall nTt exceed 250°F (121°C).

operated limit
um operating

at operate to

vn theboiler before the water temperature exceeds the maximum rafed operating

) temperature

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 described in 31.4, may be considered acceptable if it accomplishes the intent of the requirements.
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31.5 The limit control shall be wired so that its circuit interrupting means is located in the ungrounded
conductor of the limit circuit.

31.6 For a portable boiler, the limit control shall be of the nonmercury type.

31.7 The limit control shall be operative whenever the boiler is connected to the branch circuit power

supply.

31.8 Any component including contactors and controls that comprise a safety circuit and function to
interrupt the heating element supply circuit shall be investigated as follows:

a) For electro-mechanical components, 100,000 cycles of operation (6000 for a manually reset

contro

b) For

), in accordance with 31.1.1 and 31.1.4 — 31.1.5, as applicable; and

electronic components, in accordance with 31.1.2 — 31.1.6, as applicable T|

shall he arranged so that it affects the direct opening of that element;whether

mechdg

31.9 An intg
sequence cor

Exception: TH
interfere with

31.10 The 1
predetermine

31.11
that malfuncti

31.12 Unde
or both, which

32 Low-Wa

32.1 A boile
31.1.3 as app
the water in th

nism is integral with the sensing element or remote from it.

rmediate stage for heater-circuit control, such as a temperature sensor a
troller, shall be investigated for use as part of a safety circuitand shall comply

is requirement does not apply to intermediate stage/controls if their malfun
the intent of 31.8.

hanually reset limit control shall operate .atia temperature or pressure tha
] temperature or pressure limit allowed hy\the automatic limit control.

A conpponent, such as a relay or the like,\shall not be wired in conjunction with a s3

bn of the component results in the safety circuit being bypassed or defeated.

any condition of operatjon,:the limit control shall function so that the tempera
ever is applicable, does hot exceed the established design working parameter

er Cutoff
r shall be equipped with a liquid-level responding limit control, in accordancs

icable and-31.3 — 31.4, to interrupt all ungrounded heating element circuit con
e boilerfalls below the top of the heating elements.

he component
the switching

nd associated

with 31.8.

ction does not

is above the

fety device so

ure, pressure,
5 of the boiler.

with 31.1.1 —
ductors before

4= A Ins a o fopr | inait

Exception No*

FVRRVVIES ZNZW-NNT -0 - V- ofcaopanfiiiadt ha racirapa ot it Ot
T 710V wwatCr GOt nCCUTTOT CUNMTTOT Y Wil tnC 1T CHUITCTTTCTINO 10T it OUTT

Is, Section 31,

if the boiler contains immersion elements and complies with the Low-Water Abnormal Test (low-water cut-

out shunted o

ut 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) An 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.
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33 Terminals and Sensing Elements of Operating and Limit Controls

33.1 If the bulb, capillary tubing, or other sensing element of an operating or limit control is depended
upon to control operation of the boiler so that a risk of injury to persons does not occur, such a part shall be
located or shielded so that it is protected from mechanical damage during field installation or subsequent
use of the boiler.

33.2 In connection with 33.1, particular attention is to be given to those constructions of boilers that
require partial disassembly, or are constructed to permit rearrangement of internal parts, at the time of

installation.

34 Pressure-Relieving Devices

34.1 A boile
requirements
stamped open
pressure stan
assembly.

34.2 Eachs

have either the "V" designator for high pressure boilers or the "HV" Designator for low pressu

34.3 A valvd
following:

a) The
b) Instn

c) The
intends

34.4 A boiler

more safety valves or safety relief\walves. When not more than two valves of different sizes

singly, the reli
valve.

Exception: Th
ASME Code.

shall be provided with one or more safety valves or safety relief valves.con
of the ASME Boiler and Pressure Vessel Code Section under which”it w
ing pressure of the safety valve or safety relief valve shall not be more than
ped on the boiler and, except as noted in 34.3, shall be factery  installed

hfety valve and safety relief valve shall be marked wijth ‘the ASME Certificat

that is shipped unattached to a boiler for, mounting in the field shall co

valve shall be shipped in the same overall'shipping container with the boiler;
uctions for mounting the valve shall be’included; and

boiler shall have provision, suchras a threaded boss, to permit the valve to b
d.

that has a rated power-input of more than 1100 kW (3.96 GJ) shall be provid

eving capacity (of, the smaller valve shall not be less than 50 percent of tha

s requirement does not apply to a boiler constructed in accordance with Se

orming to the
as built. The
the maximum
on the boiler

ion Mark and
re boilers.

mply with the

e mounted as

ed with two or
are mounted
of the larger

ction 1V of the

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
input or 3500 Btu/hour per kilowatt of rated power input.

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

35 Spacings

35.1 The spacings in a boiler shall not be less than those specified in Table 35.1.
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Table 35.1
Minimum acceptable spacings

Minimum spacings

Between uninsulated live parts of opposite
polarity; and between a rigidly mounted
Between a live part and the enclosure uninsulated live part and a dead metal part
that is exposed to contact by persons or
that may be grounded?
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 volts 1/2 (12.7) 1/2 (12.7) 1/4 (6.4) 3[8 (9.5)
2500 volts maxifnum® 2 (50.8) 3 (76.2) 1 (25.4) (50.8)
7200 volts maxifnum® 3 (76.2) 4 (102) 2 (50.8) 315 (88.9)
15000 volts maximum® 6 (152) 8 (203) 4 (102) [ (178)

2 If an uninsulatg
construction is t

b Because of the
of this standard.

d live part is not rigidly supported, or if a movable dead metal part is in proximity to an uninsulated
be such that the minimum spacing will be maintained under all operating conditions.

effect of configuration, spacings in excess of those indicated may be required to meet performang

live part, the

e requirements

35.2 The sp
boiler. Such s

35.3 The sp
Electrical Maq

354 At clog
mounted in m
a thermostat,
contacts shal

insulating material, and the constrdgtion is to be such that the spacings are permanently mai

35.5 A clos¢d-in spacing is_c¢onsidered to be that (either through air or over surface) |

enclosed spa
an insulating
threaded on t

acings specified in Table 35.1 do not apply to the\inherent spacings of a comp
bacings are judged under the requirements for.the component in question.

acings in a motor shall comply with the 'spacing requirements in the Standa
hines — General Requirements, UL 1004-1.

ed-in points only, such as the.s&erew-and-washer construction of an uninsy
etal, a spacing of 3/64 inch (1.2 mm) is acceptable on a boiler rated 250 volts
except at contacts, the-spacing between uninsulated live parts on opposit
not be less than 1/32 ineh (0.8 mm) through air and 3/64 inch (1.2 mm) over

ce formed by.a live conductor passing through an opening in dead metal, as v
washer on{each side of the metal. The assembly is secured firmly in place, u
he live'conductor on each side of the exterior of the assembly.

35.6 An insulating lining or barrier of fiber or similar material employed where spacings w

bnent part of a

d for Rotating

lated terminal
or less. Within
e sides of the
the surface of
ntained.

vhich is in the
ell as through
sually by a nut

puld otherwise

be unacceptable shall not be less than 1/32 inch (0.8 mm) in thickness, and shall be so located or of such
material that it will not be affected by arcing; except that fiber not less than 1/64 inch (0.4 mm) in thickness
may be used in conjunction with an air spacing of not less than 50 percent of the spacing required for air

ble 35.1.

alone. See Ta

35.7 Unless protected from mechanical abuse during assembly and intended functioning of the boiler, a
barrier of mica shall be 0.010 inch (0.26 mm) or more in thickness.

36 Groundi

36.1

ng

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


https://ulnorm.com/api/?name=UL 834 2024.pdf

50

UL 834

JULY 8, 2024

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
Copper wire Aluminum or copper clad aluminum overcurrept device in circuit_ahead of
wire equipment not exceeding
14 AWG 12 AWG 15 Amperes
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
250 MCM 400 2000
350 500 2500
400 600 3000
500 800 4000
700 1000 5000
800 1200 6000
& Or equivalent dross-sectional area.
36.2 For a cprd connected bailer; the power supply cord or cord set shall have a conductpr suitable for
equipment grqunding purposés;See 15.1 and 36.5.
36.3 The registance.of the grounding path between all dead metal parts which are likgly to become
energized and the equipment-grounding terminal, or point of attachment of the wiring systeim, shall be no
more than 0.10 ohm,

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.

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
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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
more yellow stripes, and no other lead shall be so finished.

36.8 The requirements in 36.7 relating to color coding for identification does not apply to internal wiring
that is not visible in a wiring compartment in which field connections are to be made.

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

a) Usq of a green-colored head that is slotted or hexagonal, or both; or
b) Theg grounding symbol illustrated in Figure 36.1 on or adjacent to theyterminal pr on a wiring
diagram provided on the product.

Figure 36.1

Grounding symbol

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

c) 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 motor frame shall be
based on the rating of the branch circuit overcurrent device to which the equipment will be connected.
Except as indicated in 36.11, the size of the conductor or strap shall be in accordance with Table 36.1.
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36.13 An equipment grounding conductor not smaller than 18 AWG (0.82 mm?) copper and not smaller
than the circuit conductors if an integral part of a flexible cord assembly may be used to ground cord-
connected equipment where the equipment is protected by overcurrent devices not exceeding 20 ampere
rating.

36.14 The equipment grounding conductor need not be larger than the circuit conductors supplying the
equipment.

36.15 A soldering lug, a push-in (screwless) connector or a quick-connect or similar friction-fit connector
shall not be used for the grounding terminal.

36.16 An internal connector for bonding non-current-carrying parts for _ground continuity purposes
(excluding a field-installed grounding conductor or the grounding conductor of a supply cord) may employ
a quick-conneft terminal of the specified dimensions, provided the connector is not likely,td be displaced
and provided [the appliance is limited to use on a circuit having a branch circuit protective device in
accordance with Table 36.2.

Table 36.2
Internal terminal connections for bonding
Terminal dimensions inches (mm) Rating of protective device ampefres

0.020 by 0.187 by 0.250 20 or less
(0.51 by 4.75 by 6.4)

0.032 by 0.187 by 0.250 20 orless
(0.81 by 4.75 by 6.4)

0.032 by 0.205 by 0.250 20 orless
(0.81 by 5.2 by 6.4)

0.032 by 0.250 by 0.312 60 orless
(0.81 by 6.4 by 7.9)

PERFORMANCE
37 General

37.1 A boilerf 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 the ceiling specified by the manufacturer. See Figure 38.1 and Figure 38.2.
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Figure 38.1

Alcove installation
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Figure 38.2

Closet installation

Description of dim
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lensien, symbols, and abbreviations:

A — Clearance ab

vetop of boiler.

M —Ow

SIDE

VIEW
SB0500

B — From front of boiler. Prefix "C" to numeral indicates acceptability for closet or alcove installations; prefix "A," acceptability for

alcove installation

but not for closet.

D — From back of boiler.

EL — From left side of boiler.

ER - From right si

de of boiler.

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 Forcl

et installation, a door is to be provided as part of the enclosure. The door.ig

from the front|of the boiler no more than the minimum distance as specified by the installatiq
If ventilating qpenings are provided, these are to be located as shown in Figure 38.2"and th
openings are fo be one-half the width.

39 Leakag

39.1 The le
employing a {§
39.8 shall not
boilers.

39.2 Leakag
conveyed bet
surfaces.

39.3 All exp
these surface
where simultd
are considerg
against the rig
accessible if
measurement
shock.

394 Ifaco
leakage curre

Current Test

bkage current of a cord-connected boiler rated for ,a (nominal 250 volt o
tandard attachment plug rated 20 amperes or less, when tested in accordan
be more than 0.75 milliampere for stationary or fixed boilers and 0.5 milliampe

e current refers to all currents, including” capacitively coupled currents,
veen exposed conductive surfaces of an appliance and ground or other expos

psed conductive surfaces are to-be tested for leakage currents. The leakage
s are to be measured to thegrounded supply conductor individually as well
neously accessible and from one surface to another where simultaneously ac
d to be exposed surfaces-tunless guarded by an enclosure considered suitable
k of electric shock as\defined in 7.4.1 — 7.4.8. Surfaces are considered to be s
hey can be readily) contacted by one or both hands of a person at the sam
s do not apply toterminals operating at voltages which do not present a risk o

nductive-surface other than metal is used for the enclosure or part of the
nt is.to be measured using metal foil with an area of 10 by 20 centimeters in ¢

to be located
n instructions.
e height of the

r less supply,
ce with 39.3 —
re for portable

that may be
ed conductive

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

enclosure, the
bntact with the

surface. Whe

rethe surface is less than 10 by 20 centimeters, the metal foil is to be the sa

ne size as the

surface. The metal foil is not to remain in place long enough to affect the temperature of 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.

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
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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

Leakage-current measurement circuits
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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) The test is to be conducted at the ambient conditions specified in (c);

e) The[Supply voltage 1S 1o be adjusted to rated voltage, and

f) A bqiler that requires connection to a potable water supply is to be filled with.watér.
39.7 The test boiler is to be installed so that all parallel ground paths — such as’through tHe fill and drain
lines — will beeliminated.

9.1 is to be as

39.8 The legkage current test sequence, with reference to the measuring circuit, Figure 3|
follows:

ith switch S1 open, the boiler is to be connected to the measurement circuit. Le
e measured using both positions of switch, S2:" All manual switching devi
d in their intended manner, and leakage currents are to be measured using

akage current
ces are to be
both positions

b) With the boiler switching devices in. their operating positions, switch S1 is |to be closed,

energiging the boiler and within a period of. 5 seconds, the leakage current is to be m
both ppsitions of switch S2. All manual\switching devices are then to be operated in
manngr, and leakage currents are {otbe measured using both positions of switch S2;

c) Thel boiler manual switching devices are then to be returned to their operating po
unit allowed to run until_thermal equilibrium is obtained. Leakage current is to
continyously. For this test,"thermal equilibrium is defined as the condition in which I¢
is found to be constant or decreasing in value. Both positions of switch S2 are
determining this measurement. Thermal equilibrium may involve cycling caused by
contro| in the heating and vending mode. This cycling is to be observed with swi
positigns; and

easured using
their intended

sitions and the
be monitored
akage current
to be used in
an automatic
ch S2 in both

d) If tHe boiler employs a single pole switch, monitoring of leakage current is to co
leaka iti fter

tinue until the

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.

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.
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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 heating boiler under any condition of operation. The limit control of a high
pressure boiler at its maximum setting shall function when the steam pressure is not more than the
designed working pressure of the steam boiler, or when the water temperature in a hot water boiler is not
more than the temperature of saturated steam at the designed working pressure of the boiler.

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

41.3 The bo[ller is to be filled to a normal level with water. The limit control is to be adjjusted to the

maximum set
pressure of th

the boiler. A steam boiler is to be provided with a safety valve set to operate at a pressure eq

working press

41.4 The ouflet water temperature is to be measured by a thermocouple which has been re

to the outlet
laboratory-typ
a steam boiler|

41.5 Areguldting valve is to be placed as close as permissible to the outlet of the boiler.

41.6 The boi
slowly raise t
temperature in

42 Tempera

42.1 A boile

any point to:
a) Con
b) Danj
c) Exhi

ng. A resetting pressure relief valve set to relieve at a pressure equivalent t
b boiler [30 psi (207 kPa) minimum for low pressure hot water boilers](i$ to be

ire of the boiler.

ipe as close as possible to the boiler vessel, and which)is insulated from 3
b steam pressure gage ranged to facilitate the determination of pressure is to &

er elements are to be energized at rated voltage and the water or steam valv
ne temperature or pressure until the>limit control functions. Neither the ma
the boiler nor the pressure shall exceed the values stated in 41.1.

ture Test

. when tested under, conditions of maximum normal load, shall not attain a t

stitute a risk of fire;

age any-tmaterial employed in the boiler; or

bit temperature rises at specific points greater than those specified in Table 42)1.

p the working
connected to
Livalent to the

iably secured
mbient air. A
e installed on

bs adjusted to
ximum water

emperature at

[N

42.2 All values in Table 42.1 are based on an assumed ambient temperature of 25°C (77°F). The tests
may be conducted at any ambient temperature within the range of 10 — 40°C (50 — 104°F). For the tests,
the ambient measuring thermocouple is to be placed centrally 24 inches (610 mm) in front of the boiler and
24 inches (610 mm) above the test-enclosure floor.
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Table 42.1
Maximum temperature rises

Degrees
Material or component C (F)
A. MOTORS
1. Class A insulation systems on coil windings of an a-c motor having a frame
diameter of 7 inches (178 mm) or less, not including a universal motor® °
a. In an open motor:
Thermocouple or resistance method 75 (135)
b. In a totally enclosed motor:
Thermocouple or resistance method 80 (144)
2. Class A insulation systems on coil windings of an a-c motor having a frame
diameter pf more than 7 inches (178 mm), of a d-c motor, and of a universal
motor®®
a. In gn open motor:
Thermocouple method 65 (117)
Rpsistance method 75 (135)
b. In g totally enclosed motor:
Thermocouple method 70 (126)
Rpsistance method 80 (144)
3. Class B insulation systems on coil windings of an a-c motor having-a frame
diameter pf 7 inches (178 mm) or less, not including a universal-miotor®®
a. In gn open motor and on vibrator coils:
Thermocouple or resistance method 95 (171)
b. In g 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 pf more than 7 inches (178 mm);-0f a d-c motor, and of a universal
motor®®
a. In gn open motor:
Thermocouple method 85 (153)
Rpsistance methed 95 (171)
b. In 4 totally enclosed motor:
Thermocouple method 90 (162)
REsistance method 100 (180)
B. COMPONENTS
1. Capacitors:
a. Electrolytic 65 (117)
b. Other types See Notes cand d
2. Fuses, Class CC, G, J,L,and T 85 (153)
3. Fuses other than specified in item 2 65 (117)
4. Relay, solenoid, transformers and coils with:
a. Class 105 insulated systems:
Thermocouple method 65 (117)
Resistance method 85 (153)

Table 42.1 Continued on Next Paae
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