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INTRODUCTION

1 Scope

1.1
equipment th

at comply with the requirements for such appliances and equipment.

These requirements cover metal-sheathed heating elements intended for use in appliances and

1.2 The main body of this standard covers requirements for sheathed heating elements rated 600 volts
or less. Supplement SA covers cartridge-type sheathed heating elements that do not incorporate a bend in
the sheath, rated between 601 and 15,000 V.

1.3 These
locations as

1.4 Wherev
to mean a sh

2 Glossary

2.1 Forthe

2.2 DIELE(
voltages app|
or puncture.

2.3 LEAKA
between exp|

2.4 SHEAT

+ 4 <l 4 lo ' l 4 £ H + P 4
CUUNTITICTIeo UU TIUL CUVTI IICGLIIIH CITITICTTIO TUT UoT 1T TUUITPTITCTIU TUT UoT

efined in the National Electrical Code, NFPA 70.

er the terms heating element and element are used in these requirements, they,
eathed heating element as defined in 2.4.

purpose of this standard the following definitions apply.

[TRIC VOLTAGE WITHSTAND — The ability of ‘@ heating element to withst

(GE CURRENT — A current, including a\capacitively coupled current, that may
psed conductive surfaces of a heating’element and ground.

HED HEATING ELEMENT —, A-fesistance element that is usually encased i

oxide or encased in a similar insulating material that is, in turn, surrounded by a metal sheath

2.5 SHEAT]
actively heat
the sheathed

H WATTAGE DENSITY — The watts per unit area of actively heated sheath surf:
bd sheath surface-area is considered to be the area of the exposed surface of
heating element between the terminal pins. See Figure 2.1.

in hazardous

are intended

and specified

ied between current-carrying parts and dead metal parts for specified times without flashover

be conveyed

N magnesium

hce area. The
hat portion of
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Figure 2.1
Sheath wattage density

i |
! 3 A !
ACTIVELY HEATED
PORTION OF ELEMENT
3 RATED WATTAGE
SHEATH (WATTAGE DENSITY @ =
ACTIVELY HEATED EXPOSED [SHEATH
SURFACE AREA
d — FORMULA BASED ON UNIEORM WATTAGE DENSITY
ALONG THE LENGTH OF. THE ELEMENT.
S3422
2.6 TEST JOLTAGE - The voltage required to obtain rated watt density, but no less than the rated
voltage of thelheating element.
3 Units of Measurement
3.1 Values s$tated without parentheses are the requirement. Values in parentheses are explanatory or
approximate information.
4 Undated References
4.1 Any undated reference to a code or standard appearing in the requirements of this standard shall be

interpreted as referring to the latest edition of that code or standard.

CONSTRUCTION

5 General

5.1

The acceptability of a heating element in any equipment or appliance depends upon its ability to

withstand continued use under the conditions that prevail in actual service. In addition to the requirements
contained herein, further considerations and investigations may be necessary, based upon the intended
installation and use of the sheathed heating element.

5.2 A sheathed heating element shall employ materials and components throughout that meet the intent
of the requirement, and shall be made and finished with the degree of uniformity and grade of

workmanship

practicable in a well-equipped factory.
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If a material or alloy not included in Table 14.1, a material provided with a coating, or a composite

sheath utilizing dissimilar materials inside and outside is used, it shall be investigated to determine that the
material is acceptable for the purpose and that it affords protection equivalent to that of the materials
included in Table 14.1.

5.4 After being formed, the sheath of a heating element shall have a thickness not less than specified in

Table 5.1.
Table 5.1
Sheath thickness
HmimomT thickmess
Application Inch mm)
Surface-unit elements 0.016 0.41)
Oven element$ and space-heater elements:
Stationary appliances 0.016 0.41)
Portable gppliances 0.013 0.33)
Elements othe[ than mentioned above, protected against mechanical 0.013 0.33)
damage
5.5 The values in Table 5.1 are intended to specify a minimum thickness for a sheath nmpade of steel,

titanium, cop
upon the pan
alloy and a
conditions of
the most sev

6

6.1 Aninsu
material res
temperature
mechanical s

6.2 Insulati
like, shall be
or one that ig
conditions of

Insulation

per, copper-clad steel, or steel and nickel alloys:\Increased thickness may be re
ticular end-use application of the heating element. A sheath made of aluminumn
sheath having a thickness less than specified in Table 5.1 is to be inves
actual service to determine if it has the\snecessary mechanical properties and
ere conditions likely to be met in seryvice.

lating washer, a bushing, or the like, that is an integral part of a heating elemen
stant to moisture, such as porcelain, and shall be acceptable for use at f
to which it will be-subjected under conditions of actual use. Such parts shall h
trength and rigidityto withstand the stress of actual service.

hg material’lemployed in an integral part of a heating element, such as a terming
strong, 'not easily ignited, and resistant to moisture. A material other than porce
known to be acceptable for the support of current-carrying parts shall be inves
actual service to determine if it has the necessary electrical and mechanical p

quired, based
or aluminum
igated under
will withstand

t shall be of a
he maximum
Ave adequate

| block, or the
ain, phenolic,
tigated under
roperties and

will withstan

the most severe conditions likely 10 be met in service.

6.3 The thickness of magnesium oxide (MgO) or other similar insulating material between the resistance
element and the inside of the sheath, and the material of an end seal between the terminal pin and the
inside of the sheath shall not be:

a) Less than 0.016 inch (0.41 mm) for elements rated 300 volts or less, and

b) Less than 0.031 inch (0.79 mm) for elements rated more than 300 volts.

7 Spacings

7.1

A spacing, through air and over surface, of not less than 1/16 inch (1.6 mm) between live parts of

opposite polarity and between live parts and dead metal parts shall be maintained at or near the end of the
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sheath of a heating element rated 300 volts or less. For an element rated more than 300 volts, the
spacings at the end of the sheath shall not be less than 1/4 inch (6.4 mm).

Exception No. 1: When exact centering of a terminal pin is required to maintain the 1/16 inch spacing, a
spacing of 3/64 inch (1.2 mm) in one location meets the intent of the requirement.

Exception No. 2: For an element rated 300 volts or less, a spacing not less than 3/64 inch measured
between a terminal pin and the sheath is acceptable at a closed-in void, such as between an end seal and
the element insulating material. See Figure 7.1.

Exception No. 3: For an element rated more than 300 volts, a spacing not less than 3/64 inch measured
between terminal pin and sheath is :ar\r\apf::hla when a closed=in void is not pr’noonf between an end seal

and element hsulation of dissimilar materials.

Figure 7.1

Spacings at closed-in voids

SHEATH

MgO OR SIMILAR
INSULATING MATERIAL

( TERMINAL PIN

!
\ END [SEAL

NNN NN NN N NN

CLOSED-IN VOID

MIN. 3764 INCH (1.2mm)
TERMINAL PIN AND SHEATH

SPACING DIMENSION

S3424

7.2 Spacings at wiring terminals shall be in accordance with the requirements for the end-use product.
PERFORMANCE
8 General

8.1 The performance of a heating element shall be investigated by subjecting representative samples to
the tests described in Sections 9 — 14. Three samples in a set are to be subjected to the tests specified in
Table 8.1. Insofar as practicable, the tests shall be conducted in the sequence specified in Table 8.1.
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Table 8.1
Test sequence
Sample set Number of samples Test Paragraph

Dielectric 10.11
Resistance to Moisture (Humidity 11

A 3 Conditioning)
Insulation Resistance 11.1(a)
Dielectric 11.1(b)
Power Input 9.1
Dielectric 10.1.1
Leakage Current 1231

B 3 Endurance 13.1
Temperature 14.1
Leakage Current or Insulation 14.4(a) or [14.4(b)
Resistance
Dielectric 14.4(c)

8.2 For all tests, the heating element is to be mounted or installedfin a manner that simulatgs its intended

end-use application.

8.3 A representative test sample as mentioned in 8.1 is one’that represents the combination of factors in
(a) — (d) that Fesults in the most severe test conditions forléach material of sheath used.

a) Digmeter of sheath;

b) Sheath wattage density (W/in.?);

c) Number and sharpness of bends;and

d) Rated voltage.

8.4 All testjare to be performed at test voltage, see 2.6, except for the Thermal Endurance| Test, Section
13, which is fo be performed-at 108 percent of test voltage.

9 Power Input Test

9.1 At ratedl veltage, the power input to a heating element shall not be more than 105 percent of its

marked wattage-ervelt-ampererating-

9.2 To determine whether a heating element complies with the requirement in 9.1, the maximum power

input is to be measured with the element connected to a supply circuit adjusted to:

a) Other than as noted in (b), the highest marked voltage rating; or

b) If the highest marked voltage falls within a range of 100 — 120, 220 — 240, 257 — 277, or 440 —
480 volts, the highest voltage of the range.

9.3 Power input is to be recorded when element temperatures have stabilized. A temperature is
considered stabilized when three successive readings taken at intervals of 10 percent of the previously
elapsed duration of the test, but not less than five-minute intervals, indicate no change.
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10 Dielectric Voltage-Withstand Test
10.1 General

10.1.1 A heating element shall withstand without breakdown for one minute the application

of a 60-hertz

essentially sinusoidal potential of the value specified in Table 10.1 between live parts and exposed dead

metal parts. The test is to be conducted using the quadrature method described in 10.1.3 and 10.2.1.
Table 10.1
Potentials for dielectric voltage-withstand test
Method Rating of element, volts Test potentidl, yolts
Quadrature?® 0-250 1000
251-600 1000 + 2P
Single-phase® 0-250 1000 + VP
251600 1000 + 3VP

@ The quadratule method is described in 10.2.1.
bV is the voltage determined in accordance with 9.2.

¢ The single-phfise method is described in 10.3.1.

10.1.2 Whep a 3-phase source of supply is not available; and when it is agreeable to thos
the single-phgse test described in 10.3.1 may be conducted instead of the test described ir
dielectric and power supply voltages are to be monitored to ensure that they are 180 de
phase. Otheryise, the summation of the in-phase cye¢les will result in a net test potential in e
is required in [Table 10.1.

10.1.3 To determine whether a heating element complies with the requirement in 10.1.1
element is to pe tested by means of a 500-volt-ampere or larger capacity transformer, the outy
which is essgntially sinusoidal and can be varied. The applied potential is to be increased fr
the required test level is reached, and is to be held at that level for one minute. The increase i
potential is to|be at a substantially-uniform rate as rapid as is consistent with correct indicatig
by a voltmete

=

10.2 Quadrpture method

10.2.1 The ¢lement’is to be connected to a test circuit as illustrated in Figure 10.1 and energ
voltage as described in 9.2. At stabilized temperature, the test potential is to be applied ir

b concerned,
10.2.1. The
grees out-of-
cess of what

the heating
but voltage of
bm zero until
n the applied
n of its value

ized at rated
quadrature.

After 45 seconds, - =
test potential is to be applied for an additional 15 seconds.

10.3 Single-phase method

10.3.1 The element is to be energized at rated voltage as described in 9.2. At stabilized tem
test potential specified in Table 10.1 from a single-phase source of supply is to be appl
seconds, the element is to be de-energized and application of the test potential is to be con
additional 15 seconds.

ed — and the

perature, the
ied. After 45
tinued for an
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Figure 10.1

Circuit diagram for quadrature dielectric test

A—C |
DIELECTRIC ©
TESTER © \
CHASSIS
TEST GROUND
M POTENTIAL
/ O
APPLIANCE
U — R
TRANSFORMER —— UT'\Il-I%ET
@
THREE
PHASE
SUPPLY d
VARIABLE
TRANSFORMER

SCOBB7A E
11 Resistahce to Moisture Test

11.1 After g3 heating element is conditioried for 60 days in moist air having a relative hunidity of 85 +5
percent at a femperature of 32 +2°C (90 +4°F):

a) The insulation resistanee shall not be less than 50,000 ohms after being operated to thermal
stabil{zation, and

b) The heating element shall comply with the dielectric voltage-withstand testin 10.1.1.

11.2 Ordingrily, insulation resistance is to be measured by means of a voltmeter havirlg an internal
resistance of| 30,000 ohms and using a 250 volt direct-current, or equivalent circuitry.

12 Leakage Current Test

12.1 A heating element intended for use in a cord-connected appliance, typically rated 50 A or less,
nominal 50 Hz or 60 Hz, and intended for use on supply circuits not exceeding 300 V to ground shall
comply with the leakage current requirements in UL 101, the Standard for Leakage Current for Utilization
Equipment and shall not exceed the values specified in Table 12.1.

Exception: A heating element having exposed metal parts connected to the neutral terminal or lead at the
factory need not be tested for leakage current. See 17.3.
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Table 12.1

Maximum acceptable leakage current

Intended use

Maximum leakage current, MIU

Measurement frequency sensitive
network

120 volt two wire cord- and plug-
connected products

120/240 volt three-wire (including
grounding conductor) cord- and plug-
connected portable products

120/240 volt three-wire (including
grounding conductor) cord- and plug-
connected statinpnary or fixed products

0.50

0.50

0.75

Reaction (Figure 5.3 of UL 101)

Reaction (Figure 5.3 of UL 101)

Reaction (Figure 5.3 of UL 101)

120/240 volt foxlr-wire (including
grounding conductor) stationary or fixed
product. Less than or equal to 150 V to
ground.

0.75

Reaction (Figure-5/3)pf UL 101)

For metal-shea
and technologyj
cooldown, the 1}
periods not exc|
cool-down is 2.
For other perio
above. The me
Table 4.1 of UL

thed heating elements for which the intended use operating conditions
does not permit compliance with the limits above during heat-up and
haximum allowable indication of the measurement instrument for
peding 5 minutes during heat-up and not exceeding 5 minutes during

b MIU.

s of operation, the leakage current shall be within the limits specified
hsuring instrument in this situation would be for Let-Go as indicated-iny
101.

Let-Go (Figure 5.4 of UL 101)

| 122 Deletels
| 123 Deletels

| 124 Deletels

Figure 12.1

Leakage current measurement circuits

Figure deleted
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12.5 Deleted

13 Thermal Endurance Test

13.1 When

tested as described in 13.2:

a) A heating element shall not rupture nor otherwise exhibit mechanical damage;

b) There shall be no emission of flame or molten metal; and

c) The fuse connected to the element sheath shall not open.

13.2 Thee
minutes on 3
be grounded
voltage equg
be reduced b

Exception: A
cooling.

14 Tempern

14.1 Atthe

ements are to be subjected to 1000 cycles of heating and cooling, each cycle.cd
nd 20 minutes off. During the thermal endurance test, the sheath of the heating
through a 3-ampere fuse and the heating element samples are to be connecte
| to 108 percent of the test voltage. With the concurrence of those cancerned,
y forced cooling of the element.

metal-sheathed oven broil heating element is to be subjected.to 250 cycles g

ature Test

completion of the thermal endurance test descriped in Section 13, Thermal En

the supply voltage is to be adjusted to the input test voltage. After temperatures have stabil

the temperat
6.2.

Exception: T
in air. Highe
the heating &

ure of the sheath shall not exceed the applicable limit specified in Table 14.1

hble 14.1 specifies the maximum-acceptable sheath temperatures for heating €
temperatures are capable of being used, based upon the particular end-use
ement.

nsisting of 60
element is to
d to a supply
fest time may

f heating and

durance Test,

zed, see 9.3,
See 6.1 and

ements used
lapplication of
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Table 14.1
Temperature limits for sheathed heating element materials
Maximum temperature
Material °F °C
A. METALLIC MATERIALS
1. Copper 350 177
2. Aluminum 500 260
3. Brass 750 399
4. Cold rolled steel 750 399
5. Nickel si[ver TOOU 538
6. Stainles$ steel®
a. Typgs 301, 302, 303, 304, 304L, 305, 308, 316, 316L, 316N, 316Ti, 317, 1400 760
317L, 321, 329, 330, 347, 347M, 348
b. Typq 309, 309S 1500 816
c. Typd 310, 310S, 314 1600 871
d. Typgs 403, 405, 409, 410, 414, 416, 420, 422, 429, 431, 501 1200 649
e. Typq 430, 430F, 439F 1300 704
f. Typel442, 444 1400 760
g. Typg 446 1500 816
h. Typq 926° 1400 760
7. Nickel aljoys®
a. Alloy 200, 400 900 482
b. Alloy 600, 601, 625, 7128, X-750, C-276 1800 982
c. Alloy 800, 800H, A286 1700 927
d. Alloy 825 1100 593
e. Alloy 840, 841 1700 927
8. Cast irof 1200 649
9. Titanium 750 399
B. NONMETALLIC MATERIALS® Recognized temperpture rating
@ American Ironfand Steel Institute (AISI) type designations.
b American Sodjety of Mechanical Engineers (ASME) type designations.
¢ Includes but if not limited to insulated wire, polymeric materials, bushings, washers, end seals, and other compongnts.
4 Intended for upe only’submersed in water.

14.2 The temperatures specified in Table 14.1 are based on an assumed ambient temperature of 25°C
(77°F). A test may be conducted at any ambient temperature within the range of 10 — 40°C (50 — 104°F). If
a test is conducted at an ambient temperature other than 25°C, the difference between the test ambient
and 25°C is to be added to or subtracted from the values indicated in Table 14.1.

Exception: At the request of the manufacturer a sheathed heating element that is designed for operation
only in a forced-air condition shall be subjected to the test in a forced-air ambient condition that simulates
its intended end-use application.

14.3 Sheath temperatures are to be measured by thermocouples attached to the hottest points on the
sheath by welding, brazing, or other equivalent means.

14.4 Immediately after the temperature test and with the element at room temperature:
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a) A heating element requiring testing in accordance with Section 12, Leakage Current Test, shall
be subjected to a repeat leakage current test. The leakage current shall not be more than the
applicable value specified in Table 12.1;

b) A heating element not requiring testing in accordance with Section 12 shall have an insulation
resistance not less than 50,000 ohms; and

c¢) A heating element shall comply with the dielectric voltage-withstand testin 10.1.1.
MANUFACTURING AND PRODUCTION TESTS

15 Dielectric Voltage-Withstand Test

15.1 Each heating element shall withstand without electrical breakdown, as a routihe production-line
test, the application of a potential as specified in Table 15.1 applied between live andexposed dead metal
parts.

15.2 The production-line test shall be in accordance with either the 60-second test or th¢ one-second
testin Table [15.1.

Table 15.1
Production-line test conditions

Applied potential
Volts
Application time, Element rating, volts Frequency
Method® seconds 0~ 250 251-600
1 60 1000 1000 + 2V° 60 Hz
2 60 1000 1200 60 Hz
3 1 1200 1200 + 2.4V° 60 Hz
4 1 1.7(1000 + V)° 1.7(1000 + 3V)° DC
5 1 1200 1200 + 2.4V° 60 Hz

@ Method 1 is described in 15.4; miethod 2 is described in 15.3; methods 3 and 4 are described in 15.5; and method|5 is described
in 15.6.
bV is the voltage determineg@in-accordance with 9.2.

15.3 For the B05second single-phase test, the heating element may be in a heated|or unheated
condition.

15.4 For the 60-second quadrature test, the test potential is to be applied by the method illustrated in
Figure 10.1. The heating element is to be energized at rated voltage and subjected to the test when
temperatures have stabilized.

15.5 For the one-second single-phase and direct-current tests, the element need not be preheated. The
potential is to be applied while the heating element is cold and de-energized.

15.6 For the one-second quadrature test, the test potential is to be applied by the method illustrated in
Figure 10.1. The element need not be preheated. The test potential is to be applied while the element is
energized.

15.7 The test equipment is to include a visible indication of application of the test potential and an
indication of breakdown that is audible or visible or both. In the event of breakdown, manual resetting of an
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external switch is to be required, or an automatic reject of the unit under test is to result. Other
arrangements may be considered and accepted when found to achieve the results contemplated. A 500-
volt-ampere or larger capacity transformer need not be used in tests by the manufacturer when the
transformer is provided with a voltmeter to measure directly the applied output potential.

RATING
16 Details

16.1 A heating element shall be rated in volts and volt-amperes or watts. The voltage rating shall be any
appropriate single voltage or range of voltage such as 100 — 120, 208, 220 — 240, 257 — 277, 416, 440 —
480, 550, 575-ard-600-

MARKING
17 Details

17.1 A heating element shall be legibly and permanently marked with:

a) The manufacturer's name, trade name, or trademark or otherdescriptive marking [by which the
organization responsible for the heating element may be identified;

b) A djstinctive "catalog" or "model" number or the equivalent;
¢) The electrical rating; and

d) Thg date or other dating period of manufacturé not exceeding any three consecutivg months.

Exception Ng. 1: The manufacturer's identification may be in a traceable code when the heating element
is identified by the brand or trademark ownedby a private labeler.

Exception Nq. 2: The date of mandGfacture may be abbreviated; or may be in a nationally accepted
conventional pode or in a code affirmed by the manufacturer, provided that the code:

a) Dogs not repeat in Jessithan 20 years, and

b) Doeés not requirereference to the production records of the manufacturer to deterniine when the
heating elementdvas manufactured.

Exception No. 3:\The electrical rating may be omitted when a separate identifying designatioh is assigned
for each ratin

17.2 A heating element intended for use in a household or similar cord-connected appliance, see 12.1,
or the container in which the element is shipped shall be marked to indicate such use.

17.3 A heating element as indicated in the Exception to 12.1 — or the container in which such an element
is shipped — shall be marked with the word "CAUTION" and the following or the equivalent: "For use only
in a household electric range, oven, or surface assembly where the exposed metal parts are connected to
the neutral at the factory or provided with a four-conductor cord at the factory. Use in any other cord-
connected household appliance may result in a risk of electric shock."

17.4 When a manufacturer produces or assembles heating elements at more than one factory, each
finished heating element shall have a distinctive marking, which may be in code, by which it may be
identified as the product of a particular factory.
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17.5 When the sheathed portion of the heating element is marked, the marking shall not be located on
the outside diameter of a bend, and the element shall comply with the performance requirements in the
standard after the marking is applied.

17.6 A heating element not intended for use in free air, or the container in which the element is shipped,
shall be marked with the word "CAUTION" and the specific use for which it is intended, such as "For use
only submersed in water" or "For use only in a metal heat sink."

17.7 The marking specified in 17.2, 17.3, and 17.6 shall appear on the heating element or shipping
container. The marking may also be included in the installation instructions but shall be separated in
format from the installation instructions.
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