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INTRODUCTION
1 Scope

1.1 The requirements in this standard cover safety-related solid-state controls used in household electric
ranges. These requirements supplement and, in some cases, amend the requirements in the Standard for
Household Electric Ranges, UL 858, the Standard for Temperature-Indicating and -Regulating Equipment,
UL 873, and the Standard for Tests for Safety-Related Controls Employing Solid-State Devices, UL 991.
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.

1.1 revised December 17, 2013

1.2 These rdquirements cover a solid-state control that performs any of the following functipns:

a) Cpntrols cooktop heating elements.

b) Cpntrols oven normal operating temperatures.

c) Cpntrols oven self-cleaning cycle operating temperatures.

d) Cpntrols oven self-cleaning cycle door lock system.

e) Cpntrols required signal lights or audible alarms.

f) Sgrves as a temperature-limiting control for any of the functions noted in (a) — (€).

pntrols a function essential for the appliance to comply with a specific requirenjent in the
lard for Household Electric Ranges,~UL 858.

g) C
Stan

2 General Rpquirements
2.1 General

2.1.1 For thq
a circuit, or g

purpose of this standard, a control includes a complete control assembly, a §
n individual component.

subassembly,

2.1.2 A des
element shal
example, thd
disconnect th

ription of the normal and intended operation of a control with respect to t
be provided by the manufacturer and used as a guide for analysis and test
desctiption might state that the control is intended to monitor certain temp

he controlled
urposes. For
eratures and

e.controlled element from the electrical supply when a higher predetermined te

bMmperature is

attained.

2.1.3 When a control is intended to perform multiple protective functions (such as temperature-regulating,
temperature-limiting, self-clean door lock control, and similar functions), the manufacturer is to identify
those components or circuits that are involved in each protective function, and also any component or
circuits that are common to multiple functions.
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2.2 Components

2.2.1 Except as indicated in 2.2.2, a component of a product covered by this standard shall comply with
the requirements for that component. See Appendix A for a list of standards covering components
commonly used in the products covered by this standard.

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

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

b) Is superseded by a requirement in this standard.

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

2.2.4 Specific components are incomplete in construction features or restricted in performance
capabilities. [Such components are intended for use only under limited €enditions, sugh as certain
temperatureq not exceeding specified limits, and shall be used only underithose specific copditions.

2.3 Units of measurement

2.3.1 Valueq stated without parentheses are the requirement./Values in parentheses are explanatory or
approximate [nformation.

2.4 Referenges

2.4.1 Any urjdated reference to a code or standargiappearing in the requirements of this dtandard shall
be interpretefl as referring to the latest edition of\that code or standard.

3 Glossary
3.1 SUPERVISION — The monitoring._of a circuit so that a malfunction results in a trouble indication.

3.2 THERMAL-LINK — A non-resettable device incorporating a thermal element which will gpen a circuit
once only when exposed for-a-sufficient length of time to a temperature in excess of that which it has
been designed.
3.3 TROUBLUE INDICATION — An audible signal, which may be supplemented by a visual signal,

intended to imdicate a fault or trouble condition, such as the open-circuit or short-circuit of al component
in the control r'an open-circuit or short-circuit to grounded metal in the connected wiring.
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ION

4 General Requirements

4.1 General

4.1.1 Unless otherwise specified in this standard, a solid-state control shall comply with the Standard for
Solid-State Controls for Appliances, UL 244A. 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 these requirements.

4.1.1 revised December 17, 2013

4.1.2 A sol
Temperature
Electrical Co
applicable Pa

4.1.3 A trang
the Standard
4.1.4 All soli

a T
Safe

b) T
c) T

d T
in Ul

4.1.5 Other
complete cor

a T

b) T

ntrols for Household and Similar Use, Part 1: General Requirements, Uls60730
irt 2 standard from the UL 60730 series fulfills these requirements.

[«

N

d-state control shall comply with the applicable requirements in the
Indicating and -Regulating Equipment, UL 873. Compliance with the Standard

4.1.2 revised December 17, 2013
ient voltage suppression assembly supplied as part of a solid:state control sha
for Surge Protective Devices, UL 1449.
4.1.3 revised June 3, 2010

H-state controls are to be subjected to each of thée following:

ne Environmental Stress Tests, Sections 9 —’15’and 17 — 19, in the Standard f{
y-Related Controls Employing Solid-State-Dévices, UL 991,

ne Power Cycling Test, Section 13,
he Failure Mode and Effect Analysis, Section 6, and

e Production Tests requireéments specified in Section 14 in UL 858A and Sup
991.

han indicated in(8x1.1, Demonstrated Test Method, Section 8, is to be condu
trol assembly, (subassembly, circuit, or individual component:

hat is critical,

nat.is a required supervising circuit,

standard for
for Automatic
1, and/or the

| comply with

or Tests for

blement SA,

cted on each

c) The failure mode of which is undefined, as determined by the Failure Mode and Effect
Analysis, or

d) That performs a temperature-limiting function (See 5.2).
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4.1.6 When a risk of fire is to be determined, a risk of fire test indicator is to be used that consists of two
layers of cheesecloth draped over the control when the control alone is tested or over the complete
appliance when the appliance is tested. Ignition of the cheesecloth is indication of a risk of fire. See 4.1.8.

4.1.7 The cheesecloth is to be bleached cotton cloth running 14 — 15 yd?/Ib (26 — 28 m2 /kg) and having
what is known in the trade as a count of 32 by 28, that is, for any square inch, 32 threads in one direction
and 28 threads in the other direction (for any square centimeter, 13 threads in one direction and 11
threads in the other direction). Tests involving cheesecloth are to be conducted in a closed draft-free

room.

4.1.8 When a risk of shock is to be determined, a risk of shock test indicator is to be used that consists
of a 3-A nontime-delay fuse connected in the grounding conductor of the supply to the control or to the

product. Any
of a risk of e

4.1.9 A conffol is able to be assigned one or two temperature ratings, Tmax OftJa.” Tmax

maximum co
application u
the Standard
T,referstot
is used.

4.1.10 Wher
standard, thg
usage level s

a T
comy

b) T

persons,

c) W
injury

d T
injury

e) W
a rish

neutral bonding conductor or strap IS to be open-circuited. Opening of the Tusq
ectric shock.

ntrol ambient temperature to which the control is intended to bg“exposed in
nder any operating mode for which component temperature measurements ar
for Household Electric Ranges, UL 858, and is used in conjunction with 8.2.5, {
he control use ambient temperature and is the same as T3¢ unless the Exce

a control performs a safety-related function that/is not specifically addrg
criteria for identifying any critical components,»Demonstrated Test Method t¢
hall be determined by a separate investigation.JFactors to be evaluated shall i

ne severity of possible risks of electric shock, fire, and injury to persons resulti
onent failure,

ne extent and frequency of expasure to possible risks of electric shock, fire, an
hether or not a component malfunction directly results in a risk of electric shog
to persons,

ne extent of user.involvement in initiating or reducing the risk of electric shock,
to persons, ‘er-where additional abnormal conditions are required to exist, ang

hether (or)not a control malfunction is evident to the user prior to the user bein
of electric shock, fire, or injury to persons.

b is indication

refers to the
the end-use
b specified in
.2, and 13.3.
ption to 8.2.4

pssed in this
bst level, and
nclude:

ng from a

d injury to

k, fire, or

fire, or

g exposed to

See 1.2(0).
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4.2 Spacings

4.2.1 Spacings within a control shall be maintained in accordance with the spacing requirements in the
Standard for Temperature-Indicating and -Regulating Equipment, UL 873. 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 these requirements.

Exception: Spacings within a control that are reduced in accordance with the applicable requirements in
the Standard for Solid-State Controls for Appliances, UL 244A, comply with UL 873. 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 these requirements.

4.3 Temperd

4.3.1 A co
Temperature
Electrical Co
applicable Pa

Exception N(
in UL 873, 4
Controls for
Household a
standard fror

Exception N¢
UL 873, the
material for v
limit shall bg
Automatic EI
and/or the af

5 Limiting C

5.1 A limiting
electromecha

Exception N
control, or th

4.2.1 revised December 17, 2013

ture test

htrol shall comply with the temperature test requirements p. the §
Indicating and -Regulating Equipment, UL 873. Compliance with the_Standard
ntrols for Household and Similar Use, Part 1: General Requireménts, UL 60730
irt 2 standard from the UL 60730 series fulfills these requirements.

. 1: The temperature rise of a component or material, that exceeds the maxin
hall not exceed the maximum temperature rise specified in the Standard fc
Appliances, UL 244A. Compliance with the Standard for Automatic Electrica
nd Similar Use, Part 1: General Requirements,\UL 60730-1, and/or the app
h the UL 60730 series fulfills these requireménts.

. 2: For a component or material for which a maximum temperature rise is ng
imaximum temperature rises specified-in UL 244A shall be applicable. For a (
hich no maximum temperature rise\is specified in either UL 873 or UL 244A, thé
b established by means of a,separate investigation. Compliance with the
pctrical Controls for Household and Similar Use, Part 1: General Requirements
plicable Part 2 standard fram the UL 60730 series fulfills these requirements.

4.3.1 revised December 17, 2013
bntrols

function shall. be independent of any regulating function. A single component
nical compenent, shall not be critical to both functions.

p. 1. This requirement does not apply to a component that malfunctions ang

tandard for
for Automatic
1, and/or the

um specified
r Solid-State
Controls for
icable Part 2

t specified in
omponent or
b temperature
Standard for
UL 60730-1,

including an

| renders the
[ that it is not

eexternal components controlled, totally inoperable or inoperable to the exten

usable to pe
persons.

‘Torm any intended runction and does not introduce a risk or iire, electric shoc

, or injury to

Exception No. 2: This requirement does not apply when, with the component malfunctioned:

a) The appliance complies with the applicable abnormal operation tests in the Standard for
Household Electric Ranges, UL 858,

b) The activation of a trouble indication that complies with the requirements for Electrical
Supervision, Section 7, results, and
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c) A

risk of fire, electric shock, or injury to persons is not introduced.

5.2 In all cases, a solid-state limiting control is to be subjected to the Demonstrated Test Method, Section
8. For the Demonstrated Test Method, the test and usage levels assigned to a limiting function in a
solid-state control are to be as specified in Table 5.1.

Table 5.1
Limiting control test levels

Limiting control application Test level Usage level hours per year
Continuous operation@, with a solid-state regulating 2 More than 1000
control
Continuous gperation?, with a mechanical 1 More than_1000
regulating cgntrol
Intermittent dperation®, with a solid-state regulating 2 101> 1000
control
Intermittent dperation®, with a mechanical 1 101 — 1000
regulating cantrol
Self-clean ogeration®, with a solid-state regulating 2 100 or legs
control
Self-clean ogeration®, with a mechanical regulating 1 100 or legs
control

& Continuoud
whenever th
b |ntermittent
whenever th
¢ Self-clean

during the s4

operation means those components performing the limiting funetionvare electrically or thermally s
e appliance is connected to the power supply.

operation means those components performing the limiting.function are electrically or thermally s
b appliance is operated in any mode.

peration means those components performing the limiting function are electrically or thermally str
If-cleaning cycle.

ressed
ressed

pssed only

6 Failure Md

6.1 A failure
6.2 -6.13. T|

de and Effect Analysis FMEA

mode and effect analysis (FMEAY of the solid-state control is to be made in acq
he failure of a component.of & control shall result in one or more of the followin

These condifjons are summarized in(Figures 6.1 — 6.7 and in Table 6.1. In each case, ther

increase in th
applicable re
Equipment, |
Household E
Household a
standard frorj

a) T

e risk of fire, electric shock, or injury to persons, the control shall continue to ¢

ordance with
g conditions.
e shall be no
bmply with all

quirements in thissstandard and the Standard for Temperature-Indicating angl -Regulating

L 873, and the-appliance shall comply with the applicable requirements in the
ectric Ranges,"YL 858. Compliance with the Standard for Automatic Electrica
nd SimilarUse, Part 1: General Requirements, UL 60730-1, and/or the appl
n the ULL-60730 series fulfills the UL 873 requirements.

he-control continues to perform its intended operation.

Standard for
| Controls for
cable Part 2

b) The characteristics (set point, the cycling rate, and similar characteristics) of the self-clean
operation of the control do not significantly change, unless such a change is investigated in
accordance with the fire and explosion requirements in UL 858. See the general fire and
explosion requirements in UL 858 for additional details.

c) The control activates a trouble indication that complies with the requirements for Electrical
Supervision, Section 7 (See 6.2).

d) The control de-energizes the connections to the appliance or the element controlled without
introducing a condition identified as critical in Table 6.1 and Figures 6.1 — 6.7, and the control
prevents re-energization of these connections.
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e) The control does not operate to energize a controlled component under normal operating
conditions or in any operating mode due to user accessible adjustment in any position.

f) The connections to the appliance do not operate and are unable to operate in a condition

identi

fied as noncompliance in Table 6.1 and Figures 6.1 — 6.7.

g) The connections to the appliance continue to operate in a condition identified as critical in
Table 6.1 and Figures 6.1 — 6.7 and the control complies with Demonstrated Test Method,
Section 8.

6.1 revised December 17, 2013

6.2 A control having a component identified as critical, and a control having a component the failure mode

of which is u
test and usag
of critical con

6.3 A contro
each safety-
reduces the
investigated
as the requir

6.4 When re
operation of
standard.

e levels specified in Figures 6.1 — 6.7. Except as indicated in Figures 6.1 677
nponents shall not exempt a control from the Demonstrated Test Methad.

that performs multiple functions shall be investigated with respectto the req
elated function. For example, a self-cleaning oven temperatufe=regulating g
fisk of heating elements from becoming energized until the<doven door is lock
vith respect to the applicable requirements for a self-cleaning’oven door lock ¢
bments for a self-cleaning oven temperature-regulating control.

dundant components are supplied for a task and the“failure mode of one does

the other, the control is still required to comply with the applicable require

Table 6.1
Critical and noncompljance component failure

defined, is to be subjected to the Demonstrated Test Method, Section 8, using the applicable

, supervision

uirements for
ontrol — that
bd — shall be
pntrol as well

not affect the
ments in this

COOKTOP

Energizatio
off position.

1.
2.
3.
OVEN TEM

None

FLEMENT CONTROL — SEE Figure 6¢1
Noncompliance
of a heating element in other-thanthe low heat mode from an "off" condition, without an integral

Critical
oss of the 2 step on(funetion or the 1 step off function.
Fnergization of a heating element in the low heat mode without an integral mechanical off position
Exposed termipalis’ made live during insertion or removal of a cooktop element or module.
PERATURE REGULATING CONTROL — SEE Figure 6.2
Noncompliance

Critical

mechanical

Component

There is a positive calibration change at the maximum cutout set point temperature. The extent of the criticality of the
component is determined by whether or not the control automatically locks the oven door or de-energize the oven, or a
thermal-link or manual- reset type limiting device functions, and whether or not the appliance complies with the applicable

Failure Tests in the Standard for Household Electric Ranges, UL 858.

SELF-CLEANING OVEN DOOR LOCK CONTROL — SEE Figure 6.3

Noncompliance

Oven door does not lock during self-cleaning operation before the oven temperature exceeds 316°C (600°F).
Locked oven door unlocks during self-cleaning operation while oven temperature exceeds 316°C (600°F).

Critical

Oven door automatically locks during normal operation; that is, when oven temperature is below 316°C (600°F) and the
control is not in the self-clean mode.

SELF-CLEANING OVEN TEMPERATURE-REGULATING CONTROL — SEE Figure 6.4

Table 6.1 Continued on Next Page
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Table 6.1 Continued

Noncompliance
None
Critical
1. Loss of the 2 step on function or the 1 step off function.

The peak maximum self-cleaning oven temperature set point differs from the original value by more than +5
percent measured in degrees Fahrenheit.

SIGNAL LIGHTS AND INDICATORS — SEE Figure 6.5

Table 6.1 Continued on Next Page
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Table 6.1 Continued

Noncompliance
None
Critical
Loss of the proper function of the indicator.
SUPERVISION CIRCUIT — SEE Figure 6.6
Noncompliance
None
Critical
Loss of the supervision function.
TEMPERATURE-LIMITING CONTROL (FOR ALL MODES OF OPERATION OF APPLIANCE) — SEE Figure 6.7

Noncompliance
None
Critical

conditions spegified in UL 858.

A component failure is noncritical when the appliance complies with the applicable abnormal operatien, (stalled fah and shorted
thermostat) tesfs in UL 858 with the component failed and the rest of the appliance operating in the-abnormal opgrating

NOTE - Use of a supervision circuit that complies with Electrical Supervision, Section 7, is.able*to reduce the cri
test level, or change a critical condition to a noncritical condition as noted in Figures 6.1.— 6.5’

ical condition
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Figure 6.1

Critical condition and test category flow chart — cooktop element control

SINGLE

( START

COMPONENT
FAILURE IMPOSED

CONTINUE ANALYSIS &
PLACE AN "A" AFTER
THE TEST LEVEL NO.

AND REPLACE 100,000
WITH 30,000 CYCLES

LIMITING

CONTROL

PROVIDED
?

YES

IS
YES NO PREVIOpSLY
QUESTION 2 QUESTION 1 OFF ELEMENT
ON
N/UN JUN
YES(” QUESTION 2
YES YES,~” Low HEAT
SUPERVISED? MobEs
NO Nun
CRITICAL CRITICAL CRITICAL
NON-CRITICAL
401-1000 HRS/YR 101-1000 HRS/YR 101-1000 HRS/YR
DTW 1S NOT REQUIRED TEST LEVEL 1 TEST LEVEL 2 TEST LEVEL3 NONCOMHLIANCE
100,000 CYCLES 100,000 CYCLES 100,000 CYCLES 100,000 CYCLES
UN = Yes+~tUnknown N/UN = No / Unknown
SM6458B

Question 1: Does a terminal or pin, which is exposed during insertion or removal of a removable component heating element or

module, become live?

Question 2: Does the 2 step on and 1 step off features of the control still function?

2 See 6.5 (c) — (e).

Note — See Table 8.1 for test levels.
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Figure 6.2
Critical condition and test category flow chart — oven temperature-regulating control
SINGLE

COMPONENT FAILURE
IMPOSED

CONTINUE
ANALYSIS & PLACE AN
"A" AFTER THE TEST
LEVEL NO. AND RE-
PLACE 100,000 WITH
30,000 CYCLES

LIMITING
CONTROL
PROVIDED?

POSITIVE
CALIBRATION
CHANGE?

NO

QUESTION 2

YES SUPERVISED? YES SUPERVISED? YES
NO
CRITICAL CRITICAL CRITICAL

NON-CRITICAL 101-1000 HRS/YR @ 101-1000 HRS/YR @ 101-1000 HRS/YR @

DTM.IS NOT

REQUIRED TEST LEVEL 1 TEST LEVEL 2 TEST LEVEL 3
100,000 CYCLES 100,000 CYCLES 100,000 CYCLES 100,000 CYCLES

$3494C
Y/UN = YES/ UNKNOWN N/UN = NO / UNKNOWN

Question 1: Does the appliance comply with the applicable Component Failure Tests in Standard for Household Electric Ranges, UL
8587

Question 2: Does the control automatically lock the oven door, de-energize the oven, or does a thermal-link or manual-reset type
limiting device function?

2 See 6.5 (c) — (e).

Note — See Table 8.1 for test levels.
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Figure 6.3

Critical condition and test category flow chart — self-cleaning oven door lock control
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IMPOSED

NO

<

IS OVEN TEMP

>316°C BEFORE
DOOR LOCKS?

py

Y/UN

CAN DOOR

Y/UN

UNLOCK WHILE
OVEN IS >316°C
?

NO AUTOMATICALLY

LOCK DURING
NORMAL
OPERATION
?

YES
SUPERVISED?

NON-CRITICAL
DTM IS NOT/
REQUIRED

100,000 €¥CLES

CRITICAL
100 HRS/YR?
OR LESS
TEST LEVEL 1
100,000 CYCLES

NONCOMHRLIANCE

S3495B

Y/UN = Yes / Unknown

N/UN = No / Unknown

2 See 6.5 (c) — (e).

Note — See Table 8.1 for test levels.
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Critical condition and test category flow chart — self-cleaning oven temperature-regulating
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[
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$3496C

known

RAOWIN

Question 1: Does the appliance comply with the applicable Component Failure Tests in Standard for Household Electric Ranges, UL

8587

Question 2: Does the appliance comply with the applicable temperature tests in UL 858 with the component failed, the rest of the
control functioning normally, and any other temperature-regulating or -limiting controls defeated?

2 See 6.5 (c) — (e).

Note — See Table 8.1 for test levels.
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Figure 6.5

SINGLE

Critical condition and test category flow chart — signaling lights and indication
(
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2 See 6.5 (c) — (e).

Note — See Table 8.1 for test levels.
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Figure 6.6
Critical condition and test category flow chart — supervision circuits
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2 See 6.5 (c) — (e).

Note — See Table 8.1 for test levels.
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Figure 6.7
Critical condition and test category flow chart — temperature-limiting controls and circuits
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Y/UN = Yes / UnKmowmn
N/UN = No / Unknown

Question 1: Does the cutout temperature of the temperature-limiting control vary from the as-received cutout temperature by more
than 5 percent of the as-received setpoint Fahrenheit temperature, or by more than 10°F (6°C), whichever is greater?

Question 2: Does the appliance comply with the applicable abnormal operation (stalled fan and shorted thermostat) tests in Standard
for Household Electric Ranges, UL 858 with the component failed and the rest of the appliance operating in the abnormal conditions
specified in UL 858?
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6.5 In Figures 6.1 — 6.7 and Table 6.1, the following apply:

a) Temperatures referenced are oven temperatures measured in accordance with the
applicable Temperature Tests in the Standard for Household Electric Ranges, UL 858.

b) The "supervised” decision refers to whether or not a system complying with of Electrical
Supervision, Section 7, is supplied for any control circuit elements the failure of which changes

the a

pplicable flow chart path preceding the "supervised” decision.

c) If the component is stressed electrically or thermally only when a particular function is
initiated, then the usage level is not to be changed from the level indicated in the figure
involved. A component is considered to be thermally stressed whenever it is subjected to

ambi

d) If

ent temperatures above normal room temperature, 77°F (25°C).

the component is stressed electrically or thermally whenever the appliance is

bperated in

any mode, then the usage level is to be no less than the 101 — 1000 houts.pér year level,

whic
invol

e) If
the
certa

) W
contr
perce

cycld.

g) A
sens
temp)
the S
contn
have
55°F
and
stang

h) M

N, in certain cases, means an increase in the level from that indicated'in the fig
ed.

the component is stressed electrically or thermally wheneyerthe appliance is
upply, then the usage level is to be the greater than 1000yhours per year level
n cases, means an increase in the level from that indiCated in the figure invol

th regard to Figure 6.1, low heat mode is a condition in which a cook top elen
olled, by techniques such as electronic clipping’or by cycling on and off, at les
Nt of its rated wattage, and not more than 200 W average, as measured over

positive calibration change is an increase in the cutout temperature of a temp
ng assembly by more than 10 percent of the maximum as-received cutout set
erature, at the set point temperature measured in degrees Fahrenheit in accor
tandard for Temperature-lndicating and -Regulating Equipment, UL 873. [For ¢
ol with a maximum as-received set point temperature of 550°F (288°C) is cons
a positive calibration_ change when a calibration shift at the maximum set poin
(30.6°C).] Compliance with the Standard for Automatic Electrical Controls for
Bimilar Use, Part 17 General Requirements, UL 60730-1, and/or the applicable
ard from thetUL 60730 series fulfills these requirements.

echanic¢al) off position refers to a control position in which the air-gap switching

ure

connected to

, which, in
ed.

entis

5 than 10

an operating

prature-
point
dance with
bxample, a
idered to
t exceeds
Household
Part 2

contacts:

ontrol is in

1)” Are mechanically held open so that they are unable to close when the ¢

i) £L s
e Uil PUSIUUTT,

2) Must be actuated each time a cook top element is energized, and

3) Do not close as a result of failure of any combination of electronic components.

i) Loss of proper indicator function is a condition in which any required indicating signal (light,
sound, or the equivalent) is either continuously off and thereby does not serve to indicate, or
continuously on.
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j) In Figures 6.1, 6.2, and 6.4 for the test levels 1A, 2A, and 3A, the required number of test
unit-hours is to be 80 percent of the number of test unit-hours calculated for test levels 1, 2,
and 3, respectively.

k) DTM is an abbreviation for Demonstrated Test Method, Section 8.

[) In Figure 6.4, a failure effect is considered to be evident in the bake mode when during such
operation a trouble indication functions as intended, a thermal-link or manual reset temperature-
limiting device operates, or operation is affected to the extent that it is unable to be used in the
intended manner, for example, in the bake mode the oven does not reach temperatures of

350°F (176.7°C) or the oven always goes to, and remains in, the full on condition.

m)
maxi

valug(s) that represent the worst case setting(s).

n)
duri
dem
regu

o) W
self-q
ques

manyfacturer’s request, the effect of a componentailure is to be determined in acq

6.14.

p) W
one

regafdless whether any other pads orcircuits still function properly or not.

q T
modg

6.6 All possi
resistors and
in the open-
Analysis of th
to determine

he analysis Is to be made with any adjustable features, including software, iha
um set point and that are not factory set and sealed adjusted to the position

ly a limiting control that functions when the corresponding regulating control i
the Abnormal Operation Tests in the UL 858, is able to be used-to reduce th
nstrated test method test unit-hours and reduce the enduraree test requireme
ating control.

ith regard to Figure 6.4, a component failure which doés not change the set p
lean cycle by more than +5 percent in degrees Fahrenheit elicits a "no" respo
fion, "Self-clean set point change > 5 percentiin _degrees F?". Alternatively, al

ith regard to the one step off function-of the control in Figures 6.1 and 6.4, if 1
bff pad or circuit is supplied, the requirements apply to each pad or circuit inde

ne initiation of a single component failure shall be identified during all possible
s, including full on, standby, and full off.

6.5 revised December 17, 2013

ble component/failure modes are to be analyzed to ultimate results. Compong
capacitors, are to fail in either open-circuit or short-circuit mode. Semiconduct
ircuit or short-circuit mode. Other failure modes also require evaluation. See
e circuit, the control, and the appliance, or actual tests on the system is an alte
the_effect of each failure for each component.

t affect the
s) or

5 defeated
e
nts for a

bint of the

hse to the
the

ordance with

hore than
pendently,

operating

bnts, such as
prs are to fail
6.7 and 6.8.
rnate method

6.6.1 Inap

WeT SuUpply CiTCUit, TEgUtating COMmponents that timit the output voitage or cur

nt are to be

faulted, as described in 6.6. If the ultimate results are not immediately evident, the test shall be continued
for a minimum of two hours. After ultimate conditions have been obtained and/or after the two hour period,

the effect on

the safety related functionality is to be determined.
6.6.1 added September 25, 2012
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6.7 Other failure modes that are to be evaluated include half wave conditions of a triac, intermediate
voltage conditions of a switching transistor, and nonlinear ac response of a triac, diac, or a capacitor.

6.8 In conducting a failure mode and effect analysis on multi-pin components such as integrated circuits,
the following short-circuit conditions are to be evaluated.

a) Each pair of adjacent pins.
b) Each input pin to referenced ground pin.

c) Each output pin to referenced ground pin.
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d) Each input pin to each power supply pin, in turn.
e) Each output pin to each power supply pin, in turn.

6.9 More than one component failure is not to be imposed as an initial test condition. However, the effects
of the failure of other components that are additionally stressed electrically and/or thermally as a result of
a single component failure are to be included in the analysis to ultimate results.

Exception: When analyzing a circuit that is intended to function under abnormal conditions (for example,
limiting circuits, supervision circuits, and similar circuits) some circuits require a simulated malfunction of
a temperature-regulating control or other components as a pre-existing condition in order to result in the

circuit under

evaluation to perform its intended function.

6.10 When t
the compong
the analysis.

6.11 Failure
a lead or corf

6.12 Failure
When a swit(
Overload an
Equipment, |
Similar Use,
UL 60730 se

6.13 Alist o
failure effect
undefined, of

6.14 With re
complies wit
Household E
is elicited to

6.15 The pre
analysis of a
endurance te

he failure of a component results in the de-energization of the connectionsito-t
nts in the circuit involved in the de-energization of these connections are-to b

of the component being controlled, such as a heating element 6ra signal ligh
nection to the component is not to be included in the failure.mode and effect &

of switches, relays, and similar components is to be included in the analysis ar
h, relay, or a similar component is identified as a critical component, it shall co
 Endurance test described in the Standard forTemperature-Indicating and
L 873. Compliance with the Standard for Automatic Electrical Controls for H

Fies fulfills these requirements.
6.12 revised December 17, 2013

all electrical components in the cantrol is to be supplied by the manufacturer
not critical as determined by(6.1.

N the Fire and Explosion Test requirements for self-cleaning ovens in the
ectric Ranges, U858 while simulating a failure of the control component, a "
he question "Self-Clean set point change > 5 percent in degrees F?"

sence of@-temperature-limiting function is not evaluated during the failure mo

temperature-regulating control, except to reduce the number of DTM test unit-}
st cycles in accordance with 6.5 (j) and (m).

he appliance,
e included in

, or failure of
inalysis.

d evaluation.
mply with the

-Regulating
pusehold and

Part 1: General Requirements, UL 60730-1, @nd/or the applicable Part 2 stanglard from the

along with a

statement for each componentCEach component on the list is to be identifigd as critical,

spect to 6.5(0), when, ‘with the control installed in the end-use appliance, the appliance

Standard for
no" response

de and effect
ours and the

6.16 The fai

UTe Mode and effect anatysis of a temperature-fmiting COontrot or_circuit tha

t performs a

temperature-limiting function is to be conducted by first defeating any components that make or break load
current during any normal appliance function to simulate a worst-case malfunction of the corresponding
temperature-regulating control(s) or circuits that perform temperature-regulating functions, and then
evaluating the failure of single components one at a time of the temperature-limiting control or circuit. See
Figure 6.7.

Exception: A triac, relay, or similar power-handling component that makes or breaks load current during
normal operation of the appliance is not restricted from remaining operational while determining
compliance with the requirements for temperature-limiting controls, when:
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a) The appliance complies with the Abnormal Operation Test requirements for temperature-
limiting devices in pilot-duty configurations in the Standard for Household Electric Ranges, UL

858,

and

b) The power-handling component is determined to be a noncritical component with respect to
the temperature-limiting function.

7 Electrical Supervision

7.1 Other than specified in 7.2 — 7.7, a control shall comply with the requirements for electrical
supervision contained in the Standard for Tests for Safety-Related Controls Employing Solid-State

Devices, UL

7.2 In the e

accordance V

the applianc
described in

7.3 The dist

991.

vent the supervision of a critical component results in a lower test level
vith Figures 6.1 — 6.5, the supervision circuit shall comply with the supervision

al

the Standard for Household Electric Ranges, UL 858.

nctive audible trouble indication shall be obtained from one_,or more differ

devices, such as bells, horns, sirens, or buzzers, or from a single device,»stich as an electrg

generates a
audible devig
Ranges, UL

7.4 A troubld
not affected

7.5 A switch
the control in
the audible t
the unsilencs
visual indicat
in the Standg
condition dog

7.6 The aud

continuous signal under one condition and a pulsing, signal under another c
e shall also comply with the applicable requirements.d the Standard for Hous
B58.

indicator is not required to be activated wheriithe control is called upon to perfd
by the fault; for example, controlling anothetpart of the end-use appliance.

or equivalent means shall only be employed to silence the audible trouble ing
Cludes a visible trouble indicator thatiremains activated, or is simultaneously ac
ouble indication is switched offcWhen the audible indicator silencing means

d position, the audible indicator shall come on or the visual indicator shall re
pr shall comply with the requirements for visibility and the requirements for vis
rd for Household Electric Ranges, UL 858. Activation of the silencing device w
s not exist shall notyesult in the activation of an audible or visual trouble indig

ble trouble indicator shall activate in the event of a fault, regardless of the p

silencing means.

7.7 Where e
shall be mad
use in detern

ectrical supervision is supplied for a critical component, an analysis of the supe
b in accordance with Table 6.1 and Figure 6.6. Test and usage levels are to be
hining” compliance with Demonstrated Test Method, Section 8.

¢

shall be marked, and the appliance instruction manual shall include thg

signment in
quirements,
instructions

ent sounding
nic horn, that
pndition. The
ehold Electric

rm a function

ication when
livated, when
s returned to
main on. The
lal indicators
hen a trouble
ation.

psition of the

rvision circuit
assigned for

Exception: This requirement does not apply to a circuit that uses a momentary contact switch to silence
the trouble indicator
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8 Demonstrated Test Method

8.1 General

8.1.1 When a failure of a solid-state control component results in a critical condition as determined in the
Failure Mode and Effect Analysis, Section 6, or when the control performs a temperature limiting function,

the control is to be subjected to the test procedure described in 8.1.2 — 8.3.8.

Exception: A control other than a limiting control is not required to be subjected to this test when all
critical components are derated in accordance with the Electronic Reliability Design Handbook, Military

Handbook Number 338 and has a rating derived from a comparable test program, and

a)
the g
have
temp

b) T
Com
Elec
equi

8.1.2 During
accordance

8.1.3 Atthe
(68 — 86°F).
addition, for
calibration
Equipment,
applicable ah
with the Sta
Requirement
873 requirem

e components are investigated under a comparable program in which the ma

ontrol conducts incoming inspections, screening, quality assurance, and biun-
a reliability rating equivalent to that required by 8.2.1 for the usage level,-test
erature involved; or

he components have received qualification approval under the liaternational Elg
mission Quality Assessment System for Electronic Components (IECQ) or the

alent to that required by 8.2.1 for the usage level, test Ievel, and temperature

the test, an electronic component shall not faiMn a manner identified
vith the Failure Mode and Effect Analysis, Section 6.

conclusion of this test, the control is to be coaled to a room ambient temperaturg
'he control shall perform as intended dufing 50 cycles of operation in all intend

erification requirements in the Standard for Temperature-Indicating and
UL 873, unless with the contral dnstalled in the appliance, the appliance com
normal operation tests in the Standard for Household Electric Ranges, UL 858
hdard for Automatic Electrical Controls for Household and Similar Use, Pa
5, UL 60730-1, and/or the applicable Part 2 standard from the UL 60730 series
ents.

8.1.3 revised December 17, 2013

nufacturer of
n tests, and
level, and

betrotechnical
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ronic Components Quality Certification System (NECQC)pregram with a reliability rating
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As critical in

of 20 — 30°C
led modes. In

p control that performs a temperatureilimiting function, the set point shall comply with the
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t 1. General
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8.2 Test unit-hours

8.2.1 The procedure described in 8.2.2 — 8.2.9 is to be used to determine the required number of test
units, test hours, and test temperature in order to determine the test unit-hours.

8.2.2 The control is to be categorized with respect to use hours per year and test level in accordance with
Table 5.1 or Figures 6.1 — 6.6, as applicable.

8.2.3 Table 8.1 is to be used to determine the multiplier for the control according to usage level and test
level.

Table 8.1
Multiples tfor usage and test levels

Test level
Usage level|Hours/year 1 2 3
1 -|100 46.38 57.63 69J64
101 4 1000 463.80 576.30 694.40
Greater than 1000 4638.00 5763.00 6964.00

8.2.4 The caontrol use ambient temperature (T,) is to be the maximum\rated temperature of the control by
the manufactpurer or, when the end-application is known, the maximum control ambient tempéerature (Tay)
recorded in [the end-use application under any operating mode for which component|temperature
measuremenits are specified in the Standard for Household Efectric Ranges, UL 858.

Exception: [The control use ambient temperature (Iz)is also calculated using the altetnate method
specified in the Standard for Household Electric Ranges, UL 858.

8.2.5 The specified test temperature (T;) is to-be chosen at the discretion of the control manufacturer.
However, T; |s not to be lower than the maximaum control ambient temperature (T,4x) to Whi¢h the control
is exposed in the end-use application during.the applicable tests in UL 858 where componenf temperature
measuremenits are specified. The alternaté method of determining T, described in the Exception to 8.2.4
has no effectl on the choice of T;.

8.2.6 The eduation in Table 8:2\is to be used to determine the test acceleration factor (TAF). Figures 8.1
and 8.2 are fble to be used t0 estimate the test acceleration factor for controls intended for use at the
specified ampient temperatures for activation energy values of 0.65 eV. This is done by projecting the
chosen test temperatufe-vertically until it intersects the appropriate ambient line. The ordinatg value of this
intersection point is.the test acceleration factor.
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Table 8.2
Test acceleration factor equation

Equation

1 1\&
(Tt Ta) 2 +4.6052]

Table 8.2 Continued on Next Page
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Table 8.2 Continued

Equation

kelvin (K) = Degrees Celsius (°C) + 273.15.

T, = Specified test temperature expressed in kelvin.

T, = Control use ambient temperature expressed in kelvin.

TAF = Test acceleration factor.

k = 8.61708 x 10" eV/IK

E, = Minimum activation energy of a critical component under test expressed in electron-volts (eV). See 8.2.9.

Figure 8.1
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@ For this graph] the TAF is calculatedwith an assumed activation energy (Ep) of 0.65 eV.
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Figure 8.2
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the TAF is calculated with an assumed activation energy (E,) of 0.65 eV.

quired number of test unit-hours is the, product of the multiplier and the test

mber of units to be tested and*the number of test hours per unit are to be cho
hinimum units are tested for-thie minimum hours specified in Table 8.3.

Table 8.3
Minimum requirements for test unit-hours

(Ta)

acceleration

sen such that

TH

ber unit

Lg

Grdg

st unit-hours Minimum units Minimum test hours
ss than 1000 20 24
000 — 6Q00 20 50
ater tharn6000 25 240

8.2.9 The aad

tivation energy (FA) of a failure mechanism that results in a critical componen

to fail first is

to be determined experimentally by observing the times-to-failure of different lots of a component at
different temperatures in accordance with the procedure described in 8.2.10 — 8.2.13 or, at the
manufacturer’s option, an activation energy value of 0.65 eV is to be assumed.

8.2.10 The Arrhenius equation describing the relationship between the temperature and the velocity
coefficient of chemical reactions is to be used to judge the relationship between component life and
temperature. This equation, as applied in this case, indicates that the natural logarithm of component life
is a linear function of the reciprocal of the absolute temperature. The best fit of the slope and intercept of
the straight line that relates the natural logarithm of component life to the reciprocal temperature is to be
determined by the least-squares method of linear regression analysis.


https://ulnorm.com/api/?name=UL 858A 2013.pdf

