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INTRODUCTION

1 Scope

1.1 These requirements apply to controls that employ solid-state devices and are intended for specified

safety-related

protective functions.

1.2 These requirements address the potential risks unique to the electronic nature of a control. Equipment
or components employing an electronic feature shall also comply with the basic construction and
performance requirements contained in the applicable end-product or component standard. These
requirements are intended to supplement applicable end-product or component standards and are not
intended to serve as the sole basis for investigating the risks of fire, electric shock, or injury to persons
associated witha—controt

1.3 These requirements do not cover controls covered by end-product standards in(which

control investi

1.4 Sections
control when
shall be deter

pation is specified.
D — 22 contain standardized test methods for investigating the petformance o

mined by the end-product standard(s). Determination shalkintlude an assess

a) Wiether the control will be exposed to a particular enyironmental stress in its g

and

b) Whether the response of the control to a particular environmental stress is rele

intend
2 Component

2.1 Except ag
requirements

ed safety-related protective function in itscapplication.

n

noted in 2.2, a component of'a product covered by this standard shall cq
or that component.

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

a) Iny
produ

b) Is

olves a feature ar tharacteristic not required in the application of the compo
ct covered by this standard, or

superseded-by a requirement in this standard.

2.3 A compo
use.

an electronic

f an electronic

bubjected to particular environmental stresses. The suitability~0f/each test to & given control

ment of:

pplication,

bant to its

mply with the

hent in the

conditions of

Tent shall be used in accordance with its rating established for the intended

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

3.1 Values stated without parentheses are the requirement. Values in parentheses are explanatory or
approximate information.

3.2 In addition to being stated in the inch/pound units that are customary in the USA, each of the
requirements in this standard is also stated in units that make the requirement conveniently usable in
countries employing the various metric systems (practical SI and customary).

4 Undated References

4.1 Any undated reference to a code or standard appearing in the requirements of this standard shall be

H £ H ot Lot + it £ il ot Al 4 <l <l
Interpreted a.S TCTTTTINTYy tU Ui 1At ol TUTtIUIT Ut rat CLUUT UT otariuard.

5 Glossary
5.1 For the plirpose of this standard, the following definitions apply.

5.2 CONTROL - For the purpose of this standard, a control shall be considered a complete control, a
subassembly,|a circuit, or an individual component.

5.3 CRITICAL CIRCUIT — A circuit that performs one or more saféety related functions and has been
identified as cfitical in accordance with General, Section 6, and‘Failure Mode and Effect Apalysis,
Section 7.

5.4 CRITICAL COMPONENT — A component that perfertns one or more safety-related furnctions and
that has been|identified as critical in accordance withyGeneral, Section 6, and Failure Modg and Effect
Analysis, Section 7.

5.5 CRITICAL FAILURE — A failure of a component or circuit that results in a condition, suich as the
risk of fire, elgctric shock, or injury to persons, in the end product application.

5.6 CRITICAL FUNCTION — The failure of a specific action of a control that results in a condition, such
as the risk of fire, electric shock,.owinjury to persons in the end product application.

5.7 DECADE|- 3.32 octaves.
5.8 DISTINCTIVE AUDIBLE SIGNAL — A signal obtained from various devices such as bells, horns,

sirens, and byzzers,;or/a variance in the nature of the signal such as a continuous signal ¢btained
under one corrdition and a pulsing signal under another.

5.9 ELECTROMAGNETIC INTERFERENCE (EMI) — The impairment of a desired electromagnetic
signal by an electromagnetic disturbance.

5.10 ELECTROMAGNETIC SUSCEPTIBILITY — The characteristic of electronic equipment that results
in undesirable responses when subjected to an electromagnetic disturbance.

5.11 OCTAVE - A range of signals having a frequency ratio of 2:1.

5.12 SUPERVISION - The monitoring of a circuit so that a fault condition will result in a trouble
indication or other acceptable action.
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5.13 TEST ACCELERATION FACTOR — A number, that varies with the test temperature, chosen to
conduct the Demonstrated Method, Section 25. It is used to calculate the required test unit-hours.

5.14 TEST UNIT-HOURS - The mathematical product of the number of samples under test and the
time of the test.

5.15 TROUBLE INDICATION — A visible or audible signal intended to indicate a fault or trouble
condition, such as an open or shorted condition of a component in the device or an open or ground in
the connected wiring.

5.16 USAGE LEVEL — The range of hours per year that a control is expected to be subjected to
electrical or thermal stress or a combination of electrical and thermal stresses.

INVESTIGATI
6 General

6.1 A descrip
shall be provi
device. For e
state in a cert
higher predetq

6.2 A contro
accordance W\
investigation ¢
on Figure 6.1

ON

led by the manufacturer and shall be used as a guide in thevéxamination §
ample, the operation of an electronic temperature limitiig control might be
hin temperature range but is intended to disconnect the lead from the electri
brmined temperature.

designed for a specified safety-related pratective function shall be i
ith a four part program consisting of envirenmental stress tests, power
f critical components, and production-line.tests. The investigation of controls

ion of the operation and safety features of the control with respeet'to the controlled element

Ind test of the
in an inactive
al supply at a

vestigated in
cycling tests,
shall be based
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Figure 6.1
Investigation flowchart
FAILURE-MODE ENVIRONMENTAL POWER CYCUNG
AND EFFECT STRESS TESTS TESTS
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SECTION 7 SECTIONS 9-22 26-28
ACCEPTABILITY
YES DATA
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REPLACE AND
CONTINUE
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PARAGRAPH
RARA COMPONENT
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REPLACE AND
CONTINUE TO 1.6876 REPLACE AND
OF REQUIRED TEST CONTINUE
UNIT-HOURS PARAGRAPH
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I
INVESTIGATION
COMPLETE
I
PRODUCTION
SCREENING
BURN-IN, AND
33188 OA TESTS

SECTION 29
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6.3 The investigation of critical components for controls containing critical devices or components shall

include one of
a) De
b) Co

c) Ele

the following:
monstrated method, Section 25;
mputational investigation, Section 24;

ctrical supervision, Section 8; or

d) Derating in accordance with the Electronic Reliability Design Handbook, Military Handbook
Number 338 and has a rating derived from a test program; and

er of the

6.4 A failure-
(FMEA), Sect

6.5 The failur
within a comp

a) Nd
opera

b) Fo
produ

c) Sh

functipn has been.negated.

6.6 If a failur
considered cr

1\ Tk + H Al Al H Lol +l e £ 4
L) TS CUTNTTPUTITTIU 1o TCLUYTTIZTU UTTutTT A JTuyrant mr vwime T e rmarurac iy

control conducts in-coming inspections, screening, quality assurance, and

2) The test data is available on the component in widely accepted, docum
publications and the component complies with screening test reguirements

3) The component has received qualification approval underthe Internatio

(IECQ) or the National Electronic Components Quality €ertification Systen
program.

mode and effect analysis (FMEA) in accordance with Failure-Mode and E
on 7 is required to identify critical components.

b of a solid-state device or an electronic,component (such as due to an open
onent) during operation of a control ghall result in one or more of the follow

loss of declared protective function as a result of control shutdown or on thg
ion.

Ct standard.

utdown in a manner that complies with the end-product application if the pro

p resulfs-in a condition other than as specified in 6.5, the device or comp
tical,

burn-in tests;

ented
;or

nal

Electrotechnical Commission Quality Assessment Systém for Electronic Components

(NECQQC)
ffect Analysis
or short circuit

ng conditions:

e intended

I attended products, activation of a trouble indication considered as acceptalple in the end-

ective

bnent shall be



https://ulnorm.com/api/?name=UL 991 2010.pdf

OCTOBER 22, 200

4 UL 991

11

7 Failure-Mod

e and Effect Analysis (FMEA)

7.1 A fault analysis and failure mode chart of all components shall be prepared in accordance with Table
7.1. For this purpose, all active terminals of a multi-pin device shall be considered input, output, power
supply, or ground.

combinations of
1) Sh
2) Sh
3) Sh
4) sh
5) Sh
A circuit analysi
the fault to dete

f The effect resu
9 The failure effq

terminals on multiple pin components, such as integrated circuits.
brt each pair of adjacent pins.

brt each input pin to (referenced) ground.

brt each output pin to (referenced) ground.

brt each input pin to the power supply.

Drt each output pin to the power supply.

Jting from the failure on the control ‘'ahd also on the end use product is to be stated.

Table 7.1
Circuit identification
Critical or

Schematic Failure Failure non-
Part name @ Mfgrb Cat. No.P Ratings P | reference © | Function ¢ mode© effectf critical 9
a Each electroni¢ component in the control to be investigated is to be included.
b This informatidn is to be supplied for each critical component.
¢ Each compongnt is to be identified as R1, C1, or an equivalent component identification.
d The function of each component is to be described.
€ The effects of ppen and short faults are to be evaluated for each component. The following are.alternatives to[shorting all

made to assess the performance of individual components under a fault condition rather than
mine its effect also meets the intent of:the requirements.

ct is to be identified as within the\intent of General, Section 6.

hctually creating

8 Electrical S
8.1 If permittg
failure such a
considered to

8.2 A supervi

Lipervision
d by the end-praduct standard, a circuit element may be electrically supery
5 an open, short, or other fault involving a critical function will result in a tro
be acceptable in the end-product standard.

50ry Circuit is considered a critical circuit and shall comply with the applicable

ised so that a
Ible indication

requirements.

Supervision o

a Supervisory circuit is not required.

8.3 To determine if the element is acceptably supervised, the control is to be energized and operated in
its intended manner, and various fault conditions are to be introduced. Each fault is to be applied
separately, the response of the supervisory circuit noted, the fault removed, and the control restored to its
normal operating condition prior to establishing the next fault. The introduction of the fault is to be done

for each norm

al operating mode.
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8.4 Each introduction of a fault is to result in a distinctive audible signal or other action designated as
acceptable in the end-product standard.

8.5 A manual means for silencing the audible signal may be provided only if a visible trouble indicator
remains activated or is simultaneously activated when the signal is silenced. Automatic silencing of the
audible signal is not permitted.

8.6 When the fault is cleared, the alarm is to either give an audible signal when left in the silenced
position or automatically become enabled to respond to new faults.

8.7 Disconnecting and then reconnecting the power supply to the control shall not disable a trouble
indicator if a fault condition still exists.

ENVIRONMENTAL STRESS TESTS
9 General

9.1 Productioh samples shall perform acceptably when subjected to the applicable tes{s specified in
Table 9.1.

Exception: Hrototype samples may be tested if they are entirely representative of future groduction.

Table 9.1
Environmental stress tests

Tests Section
Overvoltage and undervoltage 10
Power supply inferruption 11
Transient overvqltage 12
Ramp voltage 13
Electromagnetic|susceptibility 14
Electrostatic dis¢harge 15
Composite opergtional and cycling test 16
Test for effects ¢f shipping and storage 17
Thermal cycling 18
Humidity 19
Dust 20
Vibration 21
Jarring 22

92 The testd choeifind 1n TAhlA Q1 Aara pntandad +h Antarmina tha Al Af A Alasted n|C Contl’0| to

SPCTMCOU T raoic— o T arc Moo to— Ot mmTic oottty O ot oot

perform its intended protective function after exposure to a series of environmental stresses. Compliance
is determined by having the control perform its intended function both before and after such exposures.

9.3 Unless otherwise specified, the various tests are to be performed at rated frequency and at the
voltage specified in Table 9.2 with the control installed as intended in the end-product.
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Table 9.2
Tests voltages

Voltage rating of control, V &b Test potential, V
110 - 120 120
220 — 240 240
254 — 277 277
440 - 480 480
550 — 600 600

a When a single voltage rating of a control does not fall within any of the indicated voltage ranges, the control is to be tested at
its rated voltage. When a range of voltages is specified and one or more of the values fall within one of the indicated voltage
ranges, the control is to be tested at the test potential specified for the indicated range or the highest value of the rating,

whichever is gr
ranges, the co
be tested based
rating.

b When the cont
the high and low
result of testing

0

on both ratings unless it is determined that testing based on one rating represents testing poas

values of the rated voltage range. For a control with a single voltage rating, wheh‘its operation|
At the test potential specified in Table 9.2, a test is to be performed at the voltage rating of the

ter. When a range of voltages is specified and none of the values fall within any of the indicat¢d voltage
ol is to be tested at the highest value in the specified range. For a control with a dual rating,"the control is to

ol operation changes due to varying the input voltage within the rated range, a t€stis to be pefformed at both

on the other

changes as a
tontrol.

9.4 During thé environmental stress and demonstrated tests, a control sfiall operate at leas

of its function
lights, specifig

9.5 A temper
at intervals of
indicate no ch
10 Overvoltag
10.1 A contro

a) 11

b) Th
until temperat
range is speci

the upper limi

Exception: A

unless otherwise specified, and the effects on the céntrol function are to bg
d rated loads, or other acceptable means that indicate intended operation.

hture is constant when three successive readings, measured by thermocoup
10 percent of the previously elapsed duration of the test, and not less than 5
ange.

e and Undervoltage Tests

| shall operate as intended during continuous application of:

D percent of the test potential specified in Table 9.2, and

e undervoltage as-Specified in 10.2,

Lires have became constant or for 7 h, whichever occurs first. When an opg
fied, the overvoltage is to be either 110 percent of the test voltage specified

of the Specified range, whichever is higher.

control that complies with the Composite Operational and Cycling Test, Seq

t once in each
monitored by

les and taken
min intervals,

rating voltage
n Table 9.2 or

tion 16, is not

ciihinetad ta thic tnct

required to bée

SO CCtCOToiTo tC ot

10.2 A control is then to be energized from a source of supply in accordance with Table 9.2 until constant
temperatures are attained. The voltage is then to be reduced to 85 percent of the original test voltage or

85 percent of

the lower limit of the range.

Exception: A control that complies with the Composite Operational and Cycling Test, Section 16, is not
required to be subjected to this test.
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11 Power Supply Voltage Dips and Short Interruption Test
11.1 General

11.1.1 The protective function of a control shall not be adversely affected or the control shall shut down
without loss of protective function after being subjected to the tests described in 11.2 — 11.4. The control
shall be mounted, connected, and operating as intended in the application. Before each successive set of
tests, the control shall be operated as intended with no loss of protective function.

11.2 Test voltage levels
11.2.1 The test voltage Ievels and durations for the tests in 11.3 — 11.4 are given in Table 11.1. A test

voltage level y jnterruption. In
practice, a teqt voltage level from O percent VR to 20 percent VR is evaluated as a total ‘interruption.

Table 11.1
Test values for voltage dips and interruptions

Test AV Duration,
Voltage Dips 30 percent 0.5
60 percent 0.5
Voltagg Interruptions® 100 percent 1 cycle of supply wave form
0.5
60.0
2 In the event infermediate durations of voltage interruption affect.either the inherent safety of the control or the foutput of a
safety control, end-use standards shall indicate voltage interrudptions at other points in the interval such as 1 cydle and 1, 5, 10,
25, 50, and 60 1.

11.3 Test Conditions

11.3.1 The tept shall be conducted in\the following climatic conditions:

a) Temperatufe: 15°C (59°F) — 35°C (95°F)
b) Relative HYymidity: 25 percent — 75 percent
c) Barometric|Pressure: 86 kPa — 106 kPa (25.4 in of Hg — 31.3 in of Hg)

Exception: Qther climatic conditions are able to be specified in the end-use standard.
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11.4 Test procedure

11.4.1 The test shall be conducted with the control connected to the test generator with the shortest
possible length of the power supply cable or wiring required for the application of the control.

11.4.2 The control shall be tested for each combination of test voltage and duration specified in Table
11.1 with intervals not less than 10 seconds between each test and the resulting event, such as the
operation or function of a control. Each representative mode of operation shall be tested. This test is able
to be performed on one or more samples, as required.

11.4.3 Interruptions in power supply voltage shall occur at zero crossings of the power supply voltage,
and at additional angles determined to be critical, preferably specified from 45, 90, 135, 180, 225, 270,
and 315 degrges-oneachphase:

12 Transient Pvervoltage Test

12.1 The profective function of a control shall not be adversely affected or thércontrol shall shut down
without loss of protective function after being subjected to the tests describedin this sectidn.

12.2 The control is to be connected to a transient generator, capable of producing the impulse
waveshapes g$hown in Figures 12.1 and 12.2. Typical transient geperator circuits are shdwn in Figures
12.3 and 12.4} other test circuits that produce the required waveshape may also be used.

Figure 12:1
100 kHzxing wave
(open-gircuit voltage)

0.9Vpleak —g|— YP&OK

— T=10pS(f=100kHz)

0.1Vpleak

O.SuS’I —~——\- ~

0.6Vpeak ——

S3204
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Figure 12.2
Impulse waves
(Open-circuited generator voltage wave (1.2/50 ps))

A
\Y
1.0 5
0.9
0.5 /
— ¢ T, >
0.3 A
0.1 —
0.0 >
ol
< TP 30 LHmax. t
<], —»
SMI171A
NOTES
1 Front time: Ty 3 1v67 x T = 1.2 ps +£30 percent

2 Time to half value: T, = 50 ps £20 percent

3 Line AB is the virtual rise time line formed with points A and B

4 A is the point on line AB at 30 percent of the peak value

5 B is the point on line AB at 90 percent of the peak value

6 0 is the virtual origin point
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Figure 12.2 (Cont'd)
Impulse waves
(Short-circuited generator current wave (8/20 ps))

1.0
0.9

0.1 C
0.0

T—p 30 7 mo¥.

4_
<, —»

SML172A

NOTES

1 Front time: Ty 3 1v25 x T = 8 ps +20 percent

2 Time to half value: T, = 20 ps £20 percent

3 Line CB is the virtual rise time line formed with points C and B

4 C is the point on line BC at 10 percent of the peak value

5 B is the point on line BC at 90 percent of the peak value

6 0 is the virtual origin point
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Figure 12.3
Surge generator circuit
(Ring Wave)
Figure 12.3 revised April 2, 2008
S D1 D2
O — AN
120V E R6
60Hz .
o . D3 D4 R7 M1
CRO_TRIGGER
7 B OUTPUT
H 2828 A} °
. CRI ¥ é k2
CR2 , . SR4
. CR2 | =8 | -
D . I )
o 1G5 | R1 e
A—0—— ~ —(O )
(@]
C1 C2
-~ CR1 oy R5
| o}
RELAY
S2490B CONTROL
C1 — Capacitor, 0.025 pf, 10 kV
c2 — Capacitor, 0.006 pf, 10 kV
C3 — Capacitor, 10 pf, 400 V
CR1 — Relay, coil 24 V, dc)\ €ontacts, 3-pole, single throw, each contact rated 25 A, 600 V, ac maximum: All
three poles wired in)Series
CR2 — Relay, coil 120V, ac. Contacts DPDT. Provides either 120 V or 240 V test circuit.
D1 - D4 — Diodes, 25 kV PIV each
L1 — Inducter;"15 pH [33 turns, 22 AWG wire, wound on 0.835 in (21.2 mm) diameter PVC tubing]
L2 — Inductor, 70 pH [45 turns, 14 AWG wire, wound on 2.375 in (60.33 mm) diameter PVC tubing]
M1 < Meter, 0 — 20 V, dc
R1 -+ Resistor, 22 Q, 1 W, composition
R2 — Resistor, 12 Q, 1 W, composition
R3 — Resistor, 1.3 MQ (12 in series, 110 kQ each, 1/2 W)
R4 — Resistor, 47 kQ (10 in series, 4.7 kQ each, 1/2 W)
R5 — Resistor, 470 Q, 1/2 W
R6 — Resistor, 200 MQ, 2 W, 10 kV
R7 — Resistor, 0.2 MQ (2 in series, 100 kQ each, 2 W, carbon)
S1 — Switch, SPST
S2 — Switch, SPST, key-operated, 120 V, ac, 1 A
T1 — Transformer, 2 kVA, 120 V primary, 1:1 (120 V or 240 V output)
T2 — Transformer, 90 VA, 120/15,000 V

T3

— Variable autotransformer, 2.5 A
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Figure 12.4
Surge generator circuit
(Impulse Wave)
1 mr 1Y RR2
VOLTAGE
TRIPLER
120 VAC
L =)
@ RS S
6.8K 2
NE-3
lNS(l)JLéTED 1 = 0.1 microfarad RS = 350nohms, 300 watt
A = 0.1 microfara = ohms, watts
CHASSIS AND C2 = 0.07 microfarad, 5KVAC ~ S.G. =\Spark [gap, see Note 1
CIRCUIT LOW 6.8K FAN (2x0.0140.05) T1, = Variable [autotransformer.
SIDE MoTor D1 = Damper diode, Type 4C3 2= Neon sign transformer.
NE-3 R1 = 5.9 megohms, 1 watt At 70 E/AC on primary,
'l R2 = 4.7 megohms, 1 watt secondgry 7500 VAC
—= Notes: R3 = 10 megohms, 1 watt each side of center tap.
- otes: R4 = 12 ohms, see Note %
1. Spark gap employing boiler electrgdes.
2. R4 is 12 ohm surge resistor,<No.22 AWG 80.32 mm?2)
nichrome wire wound on flat_mount to reduce reactance.

520978

12.3 The con

generator, wh

connected to

a) Ea

b) All
c) Lin

12.4 The imp|
the power sug

12.5 Positive
supply wave

frol is to be connected to a supply circuit of the voltage specified in Table 9
ch is isolated from the power supply’ circuit by an acceptable impedance (
he control so as to apply impulses in each of the following modes:

ch line separately to ground,

lines simultaneously, to.ground, and

e to line.

ulse is to/hevintroduced in both positive and negative polarities and at spec
ply wave:

pofarity impulses are to be introduced at 45-, 90-, and 270-degree angles

nadhoanatinna nAalavitgy parailence A+ QN 290

and 270 Anaran analac Tha tmangl

3. High voltage tripler, Murata No. MSR 2513-RRET002ICE22,

2. A transient
ilter), shall be

fied angles of

of the power

o Trc otV e ooty oot o Tt JU—; 2290, ol 1 o aCgrctarngrc o T e oo

e polarity and

angle of application are to be proportioned evenly among the required total number of impulses. See

Table 12.1.
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Table 12.1
Impulse distribution

Angle of supply wave,
Impulse type 2 No. of impulses Impulse, polarity degrees
1.2 x 50 ps 2 Positive 45
1.2 x 50 ps 2 Positive 90
1.2 x 50 ps 2 Positive 270
1.2 x 50 ps 2 Negative 90
1.2 x 50 ps 2 Negative 225
1.2 x 50 ps 2 Negative 270
0.5 ps x 100 kHz 20 Positive 45
0.5 ps x 100 kHz 20 Positive DO
0.5 ps x 100 kHz 20 Positive 370
0.5 ps x 100 kHz 20 Negative DO
0.5 ps x 100 kHz 20 Negative 325
0.5 ps x 100 kHz 20 Negative 370
2 The 0.8 x 20 s current waveform shown in Part B of Figure 12.2 is characteristic of low-impedance loads in ¢ontrast to the
1.2 x 50 ps voltage waveform in Part A of Figure 12.2 which is characteristic of high-impedance loads. See 12.§ for the peak
open circuit voltage and maximum short-circuit current for the respective waveforms.

12.6 A single

with the ring v

used to comp

12.7 Each co

the supply wa

Each impulse

12.8 The pea|
kHz ring wave
3 KA respectiy
Exception: |
suppressors,

standard, the
category of th
Coordination 1
60664-1, for 4
of this standa

ete the testing with the impulse wave shown¢n\Figure 12.2.

hnection mode shall be subjected to the {ype and number of impulses of the
ve angle shown in Table 12.1. The interval between impulses is not to be |
is to be at a polarity opposite that ofdhe previous impulse.

k open-circuit voltage of the impulse wave shall be 6 kV. The short-circuit cur
shape shown in Figure 12.1cand the impulse wave shown in Figure 12.2 shal
ely.

[ overvoltages ares-controlled by means of limiting devices, such as tra

d.

sample shall be subjected to all required impulsestin) each connection modg
ave impulse shown in Figure 12.1. At the manufa€turer’'s option, multiple sal

nown installed-impedances and clearances, or other means acceptable in th
peak voltage.ofthe impulse wave is to be determined by the rated voltage a
e control ~See the International Electrotechnical Commission (IEC) publical
or Equipmient Within Low-Voltage Systems; Part 1: Principles, Requirements 4
pecific-details of impulse voltages (Table 1) and installation categories. See a

e when testing
mples may be

polarity and at
pss than 10 s.

ent of the 100
be 500 A and

nsient voltage
e end-product
nd installation
jon, Insulation
and Tests, IEC
so Table 12.2
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Table 12.2
Preferred series of values of impulse voltages for rated voltages based on controlled
overvoltages
Preferred series of impulse voltages in peak volts for installation
category @
Voltages phase-to-earth derived from rated 9o
system including V rms and dc | Il I}
50 330 500 800
100 500 800 1500
150 800 1500 2500
300 1500 2500 4000
600 2500 4000 6000
a Refer to the Inpulation Coordination Within Low-Voltage Systems Including Clearances and Creepage Distances for

Equipment, IEC

60664 for information on installation categories.

13 Voltage V
13.1 General

13.1.1 Thep
without loss o

13.2 Test dur
13.2.1 The d

maintained ar
constant; how|

hriation Test

ptective function of the control shall not be adversely affécted or the control s
protective function as a result of the test specifiedin13.2.1 — 13.2.2.

ation and procedure
ration of the voltage changes and the time for which the reduced volta

b given in Table 13.1 and illustrated in Figure 13.1. The rate of change of v
pver, the voltage is able to be stepped: The steps shall be positioned at zero

shall be not Igrger than 10 percent of Vg. Steps.under 1 percent of Vg are evaluated as ¢

change of vol

age.

Table 13.1
Timing of short-term supply voltage variations

hall shut down

jes are to be
bltage is to be
crossing, and
bnstant rate of

Voltage test level Time (for)decreasing voltage Time at reduced voltage Tinje for increasing voltage
40 percent Vg 2 s 20 percent 1 s +20 percent 2 s 20 percent
0 percgnt Vg 2 s 20 percent 1 s £20 percent 2 s 20 percent

X X X

NOTE — X repre

bents anopen set of durations and is able to be given in the end-use product standard.
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Ve 4

Figure 13.1
Voltage Variation Test

JAWA

40% —
0% | -
t(s)
NOTE - The voltage grodually decreases.
S4127A
13.2.2 The cqntrol is subjected to each of the specified voltage test cycles three times with 10-s intervals

between each
able to be spq

14 Electroma|
14.1 General

14.1.1 When
down without

pnetic Susceptibility Tests

test cycle for the most representativé‘modes of operation. Additional voltage
cified in the end-use standard.,

subjected to the ‘tests in this section, a control shall perform its intended fu
oss of proteetive function.

test levels are

hction, or shut
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14.2 Electrical fast transient/burst test

14.2.1 The following circuits of a control shall be subjected to the electrical fast transient/burst test as
described in 14.2.2 — 14.6.1:

a) The low voltage input/output communication or signal circuits,
b) The power supply circuit at line and neutral, and
c) The equipment ground.
14.2.2 The control is to be mounted as intended and interwired as appropriate for the circuit being

investigated. \ V’h;:U thc CUI ItIU: ;-D upcnzt;lly, thc uutput Uf thc C:C\atl;ba: faot tlal IQ;UI Itllbulot j* enerator Sha”

be applied, ore by one, to the wiring under test. See 14.5.1 and 14.6.1.

14.2.3 The cgnnections to the circuit being investigated are to be made in accordanee with Figures 14.1
and 14.2, and|the test sequence is to be in accordance with the following:

a) Cgnnect all circuits as appropriate to their function.
b) Energize the control.

c) Engrgize the electrical fast transient/burst generator:
d) Exgrcise all functions of the control.

e) Rgpeat procedure for each circuit being investigated.
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Figure 14.1
Test connections

Lines/terminals

Coupling/decoupling sections to be tested

shall be mounted directly on Capacitor
the reference ground plane. or clamp EUT
Bonding connections shall be
as short as possible. 7\ l
Lines Decoupling | Coupling Insulating

network | device support
/] {1 m‘

17777777777 7 7

Grounding connection according| )
Reference plane (} to the manufacturer’s specification.
Length to be specified,'in jthe fest plan.

N

|||A

Electrical fast
transient/burst o
generator J I
N
/. /77777 7777777777, This length should
be <1 m

S3714 Reference plane

NOTE — EUT is gquipment under test, which may be a control by itself.
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Figure 14.2
Electrical fast transient/burst generator — simplified circuit diagram

-
— | %I 500 ¢oaxial output

L

NOTES

1 V is the high-vdltage source

2 R is the chargrg resistor

3 C. is the energy storage capacitor

4 Ry is the pulse duration shaping resistor

5 R, is the impedance matching resistor

6 Cgq is the d-c blocking capacitor

CAUTION — THE VOLTAGES AND POWER AVAILABLE MAY BE DANGEROUS TO HUMAN LIFE. THE EQUIPMENT MUST BE
HANDLED WITH CARE.
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14.3 Electrical fast transient/burst generator

14.3.1 The electrical fast transient/burst generator shall have the following characteristics when calibrated

with a 50-Q load:

a) For a single pulse refer to Figure 14.3; and

b) A repetition rate of the impulses and peak values of the output voltage as specified in Table
14.1. The repetition period depends on the test peak output voltage level specified in Table
14.1. See Figure 14.4 for examples of the repetition period of individual pulses within a burst
and a burst period between successive bursts.

Talkl 1.4

TAVIC L5, L

Impulges generated by the electrical fast transient/burst generator with a 50- Q load
Rppetition rate, kHz +20 percent Peak output voltage, kV
5 0425
5 0.25
5 0.5
5 1.0
25 2.0
Figure 24:3
Generator single pulse waveform with 50- Q load
A
Normalized| voltage
1 4 — — N
094 — — —"—
Double exponential pulse
0'5__ } _/ R \
0.1+ —
>
5ns + 30 %

SM1173

50 ns + 30 %
<
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Figure 14.4
General graph of an electrical fast transient/burst
(Single pulses within a burst)

Pulse
| k M
= t
Repetition period
S3716
(Burst duration and*burst period)

| s

I 15 ms | [ t

I"_ hBurst Duration ||

I I

| |

! Burst period 300 ms !

S3717
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14.3.2 The electrical fast transient/burst test voltage is to be applied:

a) To the power supply and equipment grounding circuits of the control under test by direct
coupling of the test voltage through a coupling/decoupling network. See Figure 14.5 for general
test set-up;

b) To the low voltage input/output/signal, data, and control circuits of the control under test
through a capacitive coupling clamp such that the test voltage is applied in a nonsymmetrical
condition. See Figure 14.5 for general test set-up and Figure 14.6 for an example of a coupling
clamp.
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Figure 14.5
General test set-up

EUT

Coupling/
Hecoupling
etwork

Capacitive coupling clamp

Non—metallic
table

Il g
4
/ 0.1 m
Ground o
Reference Plane (cH
ml k\
EFT/B-
generator

Ground Reference Plane

(1s...

~
A\ .;\ T
2\ Insulating support

Grounding connegtion according
to the manufactprer’s specification.

SM1169

NOTES

1 EUT is the equipment under test which may be a control by itself;

2 EFT/B is electrical fast transient/burst;

2 | is the length of cord between the clamp and the EUT and should not be more than 3.3 feet (1 m).
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Figure 14.6
Capacitive coupling clamp
P 1000 N
70 ,|, \ High—voltage
| o o o o o o o o | coaxial connector
70
Coupling plates
E = %
v
U, 100
A A
High—voltage
coaxial _connector,
Insulating supports
P 1050 R
sM[174 D "
NOTES

1 Dimensions in

2 The distance of]

nm

plane is to be grdater than 1.8 ft (0.5 m).

14.4 Test leve

14.4.1 Testle

1%

S

of use as desgribed in (a) — (d):

a) Tept level 1 for areas such as computer rooms and clean rooms in which:

1) Transients inhe switched control circuits are suppressed;

2) Supplyscontrol, and signal circuits that are intended to be
conditions\of use are physically separated; and

the coupling section to all other conductive constructions excépt to the cable under test and the|

3) <The power supply leads are shielded and grounded at both ends to thg
greunding means, and the power supply is protected by filtering.

ground reference

\vels specified in Table 14.2 are te,be determined in accordance with the intenfled conditions

subjected to|other

equipment

b) Test level 2 for areas such as a control room or a terminal room in industrial type

environments in which:

1) Control circuits are switched by relays (no contactors), and transients are partially

suppressed,;

2) Circuits are separated from all other circuits intended for use in more severe

conditions; and

3) Unshielded power supply leads are physically separated from control and signal

circuits.
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c) Test level 3 for other areas within industrial environments in which:

1) There is no suppression of transients and no requirements for separation of circuits
subjected to different conditions of use;

2) Equipment grounding is provided by a metal wiring system, or by equipment
grounding conductors.

d) Test level 4 for outdoor use areas, such as high voltage substations, and industrial
environments where no specific installation practice has been used.

Table 14.2

T v | 1
TCSTICVETS

Open circuit output test voltage
Power supply circuit nput/output signal, datayand contrpl circuits
Level? kv kHz kv kHz
1 0.5 5 025 5
2 1 5 0.5 5
3 2 5 1 5
4 4 2.5 2 5
b b b b b
2 See 14.4.1.

b A level other than levels 1 — 4 as defined in the end-use product stafitlard.

14.5 Test procedure
14.5.1 The tepst voltage is to be applied to the-circuit (see 14.3.2) under test at the test leyel prescribed.

14.5.2 For power supply circuits, the test(voltage is to be applied for 2 min in both positivg and negative
polarity for eafh of the following points with respect to the ground reference plane:

a) Lin
b) Ne¢
c) Lin

d) Eq

e1
utral,
e and meutral,

uipment ground,

e) Neutral and equipment ground,

f) Line and equipment ground, and

g) Line, neutral, and equipment ground.
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14.5.3 For low voltage input/output control and signal circuits, the points of application are to be
determined for each control tested and the test level voltage is to be applied for 2 min in both the positive
and negative polarity of the test voltage between the point of application and the ground reference plane.

14.6 Test conditions
14.6.1 All connections from the generator to the control and from the control to the ground reference
plane are to be with connecting cables not more than 39 inches (1 m) in length. The insulation of the

connecting cables is to have a dielectric strength to withstand the maximum test voltage.

14.6.2 The electrical fast transient/burst test generator is to be placed on a ground reference plane
consisting of a 3.3 by 3.3 ft (1 m by 1 m) sheet of conductive metal 1/16 in (0.065 mm) thick. The

equipment grq
14.7 Signal ¢

14.7.1 Signal

securely grounded at one end or otherwise segregated from sources of fast transients are t

specified in 14
have no loss ¢
in 14.7.2.

Exception: A
need not be 9

14.7.2 For th
voltage levels
V is to have &
level of apprg
entire range d
in the circuit,
than 1.2 J. Th
under test.

14.7.3 The eq
as follows:

a) Si
lead ¢
oppos

~H 1 [N 2| +la Al £
UIIUIIIU Ao \JI A bUIILIUI o I.U |\ bUIIIIC\;LUu I.U uaic UIUUIIU TCiICTITrive plou 1T
rcuit fast transient test
circuits external to the control that are not surrounded by a €onductive

1.7.2 and 14.7.3. The equipment connected to these circuits\shall operate a
f declared protective function after being subjected to trarisient voltage pulse

circuit or cable that interconnects equipment inténded to be located within t
ubjected to this test.

s test, each circuit is to be subjected to~four different transient waveforms
in the range of 100 to 2400 V, as delivered into a 200 Q load. A transient way
pulse rise time of 100 V per ps, a pulse duration of approximately 80 ps,
ximately 1.2 J. Other applied transients are to have peak voltages repres
f 100 to 2400 V but not equalto-the clamping voltage of any transient supp
vith pulse durations from 80 e 1110 us, and energy levels not less than 0.C
e transient pulses are to*fe”coupled directly onto the circuit conductors of

uipment is to be(subjected to transient pulses induced at the rate of six puls

teen pulses-(two at each transient voltage level specified in 14.7.2) between
r termital and earth ground, consisting of eight pulses of one polarity, and €
ite polarity, and

b

shield that is
D be tested as
s intended, or
5 as described

e same room

5 having peak
eform at 2400
nd an energy
tative of the
essing device
3 J or greater
he equipment

es per minute

each circuit
ght of the

b) Sixteen pulses (two at each transient voltage level specified in 14.7.2) between any two
circuit leads or terminals consisting of eight pulses of one polarity and eight pulses of the
opposite polarity.

14.7.4 If transient suppressing devices are provided in the circuit, an additional two pulses of each
polarity at the clamping voltage of the device shall be applied between the circuit and earth ground and,
if applicable, between circuits.
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14.8 Radiated EMI test

14.8.1 The control under test and the signal source of EMI generator are to be located in a shielded test
area as indicated in Figure 14.7. The electrical connections to the test sample are to be made in
accordance with the manufacturer’s installation instructions. All covers and access panels of the control
are to be in place unless otherwise stated. If the control is intended to be mounted in a panel, rack, or
cabinet, it is to be tested in this configuration. If the wiring to and from the equipment is unspecified, a
3.3-ft or 1-m length of unshielded twisted pair of wires is to be used for the connections, installed in a
manner that results in the greatest interference transmitted to the control.
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Figure 14.7
Test setup for radiated EMI susceptibility
(biconical antenna)

!

ac .
OS5 MEFER—MHN

} 1 METER 1 METER 1 METER—
MIN MIN

—e

N DEYICE
[ UNDER
ANTENNA w TEST

COUNTER [BALANCE —

N 1METER
MIN

.03 METER MIN i J—

WOODEN TABLE

S3319
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14.8.2 The test frequency range is to be from 25 MHz to 1 GHz. The signal generator is to provide
amplitude modulation. The sweep rate is to be 0.005 octave per second (1.5 x 103 decade per second)
or slower. When the frequency is below 50 MHz, the test is to be run with an amplitude modulation of 90
percent with a 1000 Hz sine wave unless the control is investigated in accordance with 14.9.1.

14.8.3 The antenna types may be as shown in Table 14.3, other antenna types may be used if the
required signal strength can be achieved. When using an antenna which generates a polarized signal
such as a biconical or log periodic antenna, the test is to be conducted twice, once at horizontal
polarization and once at vertical polarization.

Table 14.3
Transmission characteristics

Frequency range Typical antenna types
25 MHz - 200 MHz Biconical
200 MHz — 1 GHz Log conical or log_petiodic

14.8.4 The signal generator is to be operated to sweep through the required frequency band, or to dwell
at a minimunp of three frequencies per octave, while monitoring the.intended operatipn (protective
function) of the control. Table 14.4 specifies test levels for low and modefate exposures. Unjess otherwise
indicated in the end-product standard, a field strength of 3 V/m is,t0"be used. The swegep frequency
procedure is tp be repeated with each of the accessible sides of<@ control exposed to the [signal source.

Table 14.4
Transmission levels

EMI level Field strength, V/m
Low 3
Moderate 10
As stated in end-product standard Other

14.9 Digital epquipment modulation interference test

14.9.1 A digitpl type control using-a square wave oscillator clock circuit (other than for tim¢ display) is to
be exposed t¢ electromagnetic-radiation of the frequency range shown in Table 14.3 thaf is 90 percent
amplitude (pulse or squaretwave) modulated at approximate frequency of, but no less than, 10 kHz. The
modulation frgquency is hot to be phase locked with the digital clock frequency.



https://ulnorm.com/api/?name=UL 991 2010.pdf

36 UL 991 OCTOBER 22, 2004

14.10 Keying interference test

14.10.1 A control is to be subjected to signal sources that are switched between 0 and 100 percent of the
carrier wave amplitude as stated in 14.8.2. The switched signal is to have an on and off duration of at least
1 second each and rise and fall times of no greater than 50 us. At least three keying cycles per frequency

octave are to be conducted.

15 Electrostatic Discharge Test

15.1 General

15.1.1 After being subjected to electrostatic discharges described in this section, a control shall be

o 2o Wl + 1 wala
< 1TT AU TTUTTTHIArn arrmJt

nded or shut

energized for
down with no
conditioned fo
+5°F, at a reld
kPa) or an en

Exception: T|
within 3/4 h a

15.1.2 Each
one sequency

15.1.3 A control is to be mounted in its intended mounting position and connected to a so

in accordance
and 1/16 in (O
For a control i
bracket is to 4

15.1.4 The v(
voltage other

15.2 Test me
15.2.1 For th
the test point

any dry, non-i

15.2.2 For th

+ it Al H laal tioo 'S Lall £ ot
CIit CUTTUTuuUTI o uutn IU VAARLAYE BN IR R A AR i R (o)) PUI T Ao 11y
oss of protective function. Prior to the electrostatic discharge exposures, the
I at least 24 h, and the test is to be conducted, in an ambient temperatare of
tive humidity of 20 £5 percent, and a barometric pressure of not less than 7
vironment of equivalent water vapor content.

he control may be tested at a relative humidity of 25 — 50 pereent if the tests
[ter removal from the conditioning chamber.

ontrol selected for energization as specified in 15.1T\shall have been subjeq
of discharges from lowest to highest value.

with Table 9.2. A ground reference plane~6f conductive metal at least 39 ir]
065 mm) thick is to be provided on the floor of the test room and connected tg
ntended to be installed on an electrically conductive plate or mounting brack
e connected to earth ground.

Itage range over which thetest is to be conducted is to be 4 — 20 kV unleg
han 20 kV is specified in'the end-product standard.

hods
b contact discharge test method, the electrostatic discharge probe is to be i
And then the.test voltage is to be applied. The electrostatic discharge probe

nsulating eoatings, such as paint.

b air_discharge test method, the charged electrostatic discharge probe is to

rontrol is to be
23 +3°C or 73
DO mm Hg (94

are completed

ted to at least

urce of supply
(1 m) square
earth ground.
bt, the plate or

S a maximum

n contact with

S to penetrate

be brought to

the preselecte

d\test point until a discharge through air occurs.

15.2.3 With reference to the Discharge test in 15.4.1 — 15.4.4, the contact discharge test method is the
preferred method. The air discharge test method is to be used if contact with the test point cannot be
made for the contact discharge test method.
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15.2.4 The voltage range over which the test is to be conducted is to be 4 — 20 kV maximum for the air
discharge test method and 2 — 8 kV maximum for the contact discharge test method unless a voltage
other than these maximums is specified in the end-product standard.

15.3 Electrostatic discharge probe

15.3.1 The relevant characteristics of the electrostatic discharge probe for the air discharge test method
and the contact discharge test method are specified in Table 15.1.

Table 15.1
Electric discharge probe characteristics

Test method
Characteristics Air discharge Contact-discharge
Energy storage fapacitor 100 pf £10 percent 150 pf£10 pgrcent
Discharge resistpr 1500 Q +5 percent 330 Q £5 pefcent
Output voltage 4 - 20 kV 2 — 8 kV|
Discharge tip 8 +0.05 mm diameter Sharp point (See Flgure 15.1)
Figure 15.1
Probe for contact discharge test. method
/
8 o
°5 _ 25°to 40
i
o
RS
S3718 Sharp Point

NOTE — Dimensions are in mm
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15.4 Discharge test

15.4.1 The discharge test is to be conducted in increasing 2-kV increments. As applicable, the test points

are to include:

a) The control ground terminal,

b) The exterior surface near each hole, slot, seam, or opening,

c) Each control terminal, and

d) Any area that can be contacted during installation or use.

15.4.2 The cq
a) Md
b) Un

15.4.3 A total
Five discharg
discharge. Th
to be serviced
would normall
the discharge
each polarity

15.4.4 Any si
range and at
cumulative dig

15.5 Electric

15.5.1 The cq
is to be placeq
to or larger th
according to R

ntrol is to be tested in each of the following configurations:

unted and wired, as in typical installation, in both the energized and de-enelgized mode.

powered and unconnected on a nonconductive surface.

of ten discharges are to be applied to each test point on the exposed surface
bs are to be made at each polarity. The polarity is to be alternated for eal
b interval between successive single discharges is tobe at least 5 s. For a cq
by the user, ten additional discharges are to be applied as described to inte
y be contacted by the user. If an overvoltage ptetective device in a sample i
at any voltage but the lowest, that sample is to"be subjected to ten additiona
it 4 kV.

ngle test specimen shall be at least.subjected to discharges over the entire sp
both polarities. However, no siAgle specimen need be subjected to m
charges.

ield test

ntrol is to be tested\in a collapsing electrical field created by static discharg
on a nonconducfive surface in the normal operating position. A metal plate el
hn the control surface, is to be positioned about 2 in from one of the surfaceg
igure 15.2 and’is to be insulated from ground. The test probe is to be:

a)

insulated-wire suitable for the voltages involved, and

i

of the control.
ch successive
ntrol intended
rnal parts that
5 damaged by
discharges of

bcified voltage
ore than 200

e. The control
ectrode, equal
of the control

ched\te-the electrostatic discharge generator by 4 ft of 18 AWG or 1.02 mnp diameter

b) Ch

arged to 20 kV.

The electrical field collapse is produced by approaching the plate with the test probe until an air discharge
occurs. The connecting wire is to be routed alongside and 1/8 in or 3 mm from the surface of the control.
The test is to be conducted at both polarities for each side of the control, except for the mounting surface.
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DISCHARGE
POINT

Figure 15.2
Electric field test method

METAL PLATE
ELECTRODE

CONTROL

NON-C
SUPPOI

S3214

15.6 Magneti

15.6.1 The c(
charged to 20
loop of the w
discharged th
in both polariti
Figure 15.3.

discharges ar

ONDUCTIVE %)
3

C field test

ntrol is to be tested in a magnetic field created by static discharge. The test
kV. The magnetic field is produeed by forming an approximately 12-in or 300
ire connecting the probe:and the electrostatic discharge generator. The f
ough the loop within 2 in or 51 mm of each side of the control. This test is t
Es in at least three planes perpendicular to each other near each surface in ag

b sufficient andrthe/2-in limit does not apply.

CONNECTING

WIRE
=
GEINERATOR

probe is to be
-mm diameter
robe is to be
0 be repeated
cordance with

Controls that fit within the loop are to be tested within the loop; for such controls, six
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Figure 15.3
Magnetic field test method

LOOP ELECTRODE POSITIONED IN

S5 PLANES NEAR EACH SIDE

OF CONTROL CONTROL
%/
!
LA /
Z &Y
Z v

A NON—CONDUCTIVE SUPPORT, POSITIONED
53215A 1 FOOT(305 mm) FRGM METAL BENCH PA

16 Compositd
16.1 A contrg

16.2 The con

Operational and Thermal Cycling Test

| shall operate as intended following exposure to variations in temperature al

rol shall be energized at 110,percent of the rated voltage specified in Table ¢

for 30 min duting each 24 h period thé test voltage is to be reduced to 85 percent of the o

The change in

voltage should not be'synchronized with the change of temperature. Each 24

also include af least one period-0f-80 s during which the supply voltage is switched off.

16.3 The am

maximum and minimupn as specified in the end-product standard, to cause the temp

components d
and/or mounq

temperature

RTS

hd voltage.

.2 except that
iginal voltage.
h period shall

bient temperature and/or the mounting surface temperature are to be varied between

brature of the

f the electronic circuit to be cycled between their resulting extremes. The rate of ambient
ng surface temperature change is to be approximately 1°C/min and the
re tovbe maintained for approximately 1 h.

b extremes of

16.4 During the test, the control shall be cycled through its operational modes at the fastest rate possible
up to a maximum of six cycle per minute, subject to the need to cycle components between their
temperature extremes. If an operational mode, such as speed control, can be set by the user, the test
period shall be divided into three periods, one period being at maximum, one period at minimum and one
at an intermediate setting.
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16.5 The test

a) Fo

shall be conducted for:

urteen days, or

b) A period of time as specified by the end-product standard.

17 Test for Effects of Shipping and Storage

17.1 A control shall operate as intended following exposure to high and low temperatures representative
of shipping and storage likely to be encountered by the end product.

17.2 A contro
to a room tem
minus 30 +3°
minimum of 3
per minute.

18 Thermal G

18.1 After 10
control shall g
function at bo

18.2 The tran
period of not
the specified {
return to the
ambient temp

Exception: A
be subjected

19 Humidity T

19.1 A contro

as indicated i Table 19.1 and/specified in the end-product standard.

Exception: If
humidity test 4
— Test Db an

| is to be subjected, first to
C (minus 22 +5°F) for not less than 3 h and finally warmed up to room,tem
h. The rate of change between constant temperature conditions is not tg exce

ycling Test

cycles of temperature variation between 0 and 49°C or 32 and 120°F while U
erform its intended function. A control intended for outdeor use shall perfor
h temperature extremes and at room temperature.

ess than 10 min at each temperature level after the mass of the test sampl
emperature. Each cycle is to start at onecé€st condition, change to the other
priginal test condition. After 10 cycles; the control is to be stabilized at th
brature before operation.

control investigated by the Composite Operational and Cycling Test, Sectio
o this test.

est
| shall perform its intended function after exposure to one of the humidity exp
the conttal-is expected to be exposed to condensation in the end-product 3

bxposue-shall be in accordance with Basic Environmental Testing Procedure
' Guidance: Damp Heat, Cyclic (12 + 12-Hour Cycle), IEC 60068-2-30 witl

parameters:

a temperature of 70 +3°C (158 +5°F) for a period of 24 h, cooled

mperature of
perature for a
bd 1°C (1.8°F)

nenergized, a
m its intended

sfer time from one extreme to the other is to bexa maximum of 5 min, and there is to be a

b has reached
extreme, and
e normal test

h 16, need not

osure classes

pplication, the
5 Part 2: Tests
) the following

a) Severity level:

1) Upper temperature: 40 +2°C or 104 +4°F

2) Number of cycles: 6

b) Stabilizing temperature: 20 £5°C or 68 +9°F

c) Test cycle: Variant 2

d) State of specimen during conditioning: Unenergized
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e) Inte

rmediate measurements: none required

f) Recovery conditions: 2 h at standard laboratory atmosphere (15 — 35°C or 59 — 95°F, 45 —
75 percent Relative Humidity)

g) Check tests: Immediately upon completion of the recovery period, the control is to be
energized and checked to determine that it operates as intended.

Table 19.1
Humidity classes

Class?@ H1 H2 H3 H4 H5 H6
Temperature 30 £2°C 30 £2°C 40 £2°C 40 £2°C 40 £2°C
or or or or or
86 +4°F 86 +4°F 104 +4°F 104 +4°F 104 +45F
Minimum R.H. 20 20 20 20 2 As stated in
+5 percent end-product
Maximum R.H. 90 90 95 95 95
+5 percent
Duration 6 cycles 12 cycles 6 cycles 12 cycles 333 h

a Typical examp|

es of Class applications for controls are as follows:

Class H1 — Controls used in equipment intended for occupational spaces.

Class H2 — Controls used in equipment intended for laundry rooms, basements, etc.
Class H3 — Controls intended for household heating appliances.

Class H4 — Controls intended for appliances used-it-bathrooms and areas exposed to high h
Class H5 — Controls intended for spa equipment and commercial heating and cooking equipn

Limidity.

ent.

19.2 The test
humidity (RH)
to each of the

19.3 During the test, the control is to' be shielded from any dripping condensate and
tilled water or the equivalent is to be used to obtain the RH.

energized. Dig

19.4 During t
determine tha

cycle sequence is to consist of.alternating periods of minimum and max
until the indicated number of gycles or hours is attained. A cycle consists of
specified humidity levels. Thé-time required to reach the level is not to exce

it operates.as intended.

imum relative
8 h exposure

ed 1 h.

is not to be

he last 2 h of exposure at maximum RH, the control is to be energized and checked to
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20 Dust Test

20.1 A control that incorporates an optical element, the obscuring of which would result in a loss of
protective function, shall perform its intended function after exposure to an accumulation of dust.

Exception: A control mounted in a dust-tight enclosure need not be tested.

20.2 A sample in its intended mounting position is to be placed, de-energized, in a dust-tight chamber as
described in Figure 20.1 having an internal volume of at least 6 ft3 or 0.17 m3, and dimensions not less
than 150 percent of the dimensions of the product under test. Additional samples of a control intended for
mounting in more than one position are to be tested in each position.

Figure 20.1
Dust test apparatus
BLOWER SPEED CONTROL

MOTOR /
FLEXIBLE m
HOSE . T

SQUIRREL-CAGE FAN

/”— _\‘@‘/_/ LIGHT{FIXTURE

———

-2 Vo TEST
1l sAmPLE
1

S3216A M 8

20.3 Approximately 1.5 oz of cement per cubic foot or 1.5 kg of cement per cubic meter oflitest chamber,

maintained in an ambient 20 — 50 percent relative humidity at room temperature, is to be circulated for 5
min by means of blower/suction units so as to completely envelop the sample in the chamber. The air flow
at the outlet of the blower is to be maintained at a velocity of approximately 50 ft/min or 15 m/min. Type
1 general-purpose cement is to be used as it has a controlled particle size distribution. The analysis of a
typical sample is indicated in Table 20.1.
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Table 20.1

Particle size of cement

Mesh

Particle size

in

mm

Content percent

Coarser than 200
200
325
400

Larger than 0.0029

0.0029
0.0017
0.0015 or smaller

Larger than 0.074
0.074
0.043

0.038 or smaller

3

8

7
82

21 Vibration Test

21.1 General

21.1.1 A control shall operate as intended after a vibration test.

21.2 Mounting

21.2.1 A control is to be secured to a vibration generator by its intended mounting means| either directly
or by means ¢f a fixture. The fixture is to:

a) Belas free as possible of any resonances over the tést'frequency range, and

b) Enable the control to be vibrated in each of three-perpendicular planes.

The control is|to be energized during this test. A control with a vibration isolator is to be t¢sted with it in
place. If this Is not practical, the control may be tested without the isolator at a different amplitude of

vibration.

21.2.2 A cablg or other hardware that is reguired to be connected to the control for proper pperation is to
be used with the control during this test:

21.3 Vibration) characteristics

21.3.1 The vipration level is t9 be 5 g unless otherwise specified by the end-product standard. Other

preferred levels are shown'in* Table 21.1. The frequency range shall be 10 to 150 Hz.
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Table 21.1
Vibration classes

Maximum displacement amplitude ) )
Maximum acceleration level,
Class mm in g
A 0.075 0.003 1
B 0.15 0.006 2
C 0.35 0.014 5
D 0.75 0.03 10

21.3.2 The applied motlon is to be smusmdal and result in the f|xmg pomts of the control moving in phase

frequency is i
maximum acc|
is increased t(
are then to be|

21.3.3 The fr¢
octave per mi
percent abovd

21.3.4 Any vi
frequencies fq
cycles. A swe
to minimum fr

21.3.5 For th
position of reg
applied vibrati

creased from 10 Hz untll a crossover pomt at 60 Hz is reached WhICh is wher
leration is attained. The maximum acceleration level is to then be maintained as frequency

p the upper limit of the range. The maximum acceleration or displacement ar
maintained as frequency is reduced through the crossover point 10,10 Hz. S¢

pguency is to be varied by continuously sweeping over the spegified range aj
hute +10 percent. The tolerance for the frequency is to be +1 percent up to
50 Hz. The vibration amplitude tolerance in the observed direction is to be

pration resonances are to be noted and the conirol is to be vibrated at t
r 10 min. If no resonant frequency is obtainedy:the control is to be tested

bguency.
pse tests, amplitude is defined as the maximum displacement of sinusoidal

t or one-half of the total table displacement. Resonance is defined as a magn
bn occurring on a part or asseqnibly.

amplitude as
b the specified

nplitude levels
e Figure 21.1.

a rate of one
50 Hz and +2
+15 percent.

hose resonant
for ten sweep

bp cycle is a traverse of the specified frequency-range from minimum to maxinum and back

motion from a
ification of the
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Figure 21.1
Vibration amplitude/acceleration
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22 Jarring Test

22.1 A control shall withstand jarring resulting from the impact described in 22.2 without dislodgement of

any parts and without impairing its intended operation.

Exception: Dislodgement of parts is permitted if:
a) The dislodged part does not affect the intended operation of the unit,
b) There are no uninsulated live parts exposed, and

¢) The condition is visually obvious.

22.2 The conkrol is to be mounted in a position of intended use to the center of a 6-,by
1.2-m, nomingl 3/4-in or 20-mm thick plywood board that is secured in place at foUr cor
3-ft-Ib or 4.1-J impact is to be applied to the center of the reverse side of this boardi.by mg

Ib or 0.54 kg, [2 in or 51 mm diameter steel sphere either:
a) Swung through a pendulum arc from a height of 2.54 ft or 775" mm, or
b) Drppped from height of 2.54 ft to apply 3 ft-Ib of energy_depending upon the m
equipment.
COMPUTATIPNAL INVESTIGATION AND DEMONSTRATEDMETHOD
23 General
23.1 An electfonic device shall be constructed so_that the level of performance specified fo
the end-use application is maintained. Complianee' is to be determined using the procedur
Computational Investigation, Section 24, or<Demonstrated Method, Section 25. Failure

noncritical component shall not increase>the thermal or electrical stresses of any critig
beyond the thermal or electrical stress-levels used to calculate the failure rate of the critic

Exception: e failure of the nongritical component resulting in a trouble indication com|
requirements for the end-use application meets the intent of the requirement.

23.2 In caseg where cycling-is the predominant operating mode of a control, consideration
to the number of operational cycles and hours.

23.3 The Computational Investigation may be used to assess a control when an accepta

4-ft or 1.8- by
hers. A single
pans of a 1.18

bunting of the

I the device in
bs specified in
of any single
al component
Al component.

blying with the

is to be given

ble failure rate

has been estgblished in the end-product standard. The Demonstrated Test is used when

such a failure

rate is not defined.
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24 Computational Investigation

24.1 General

24.1.1 The Computational Investigation is the Parts Stress Method which is based on a technique
described in Military Standardization Handbook Number 217 followed by the operational test in 24.4.1. In
this method, the equipment failure rate is determined by appropriately combining the failure rates of all

critical components.

24.1.2 A control shall have a predicted failure rate (Ap) equal to or less than the value stated in the

end-product standard when calculated by the method described in this section.

24.2 Prelimin

<l
ry provtuurc

24.2.1 Components may fail in either open- or short-circuit modes or may show excessiyve f

By analysis of]

24.2.2 All crif]
each is to bg
increased risK
component. If
be used. The
each compon

the circuit or by test, the effect of each failure mode of each componentis to &

cal components are to be considered and the failure mode prebability mul
determined by dividing the number of failure modes that are critical (W
of fire, electric shock, or injury to persons) by the total*number of failure
the critical failure modes for a multipin device are more‘than five, a T, fact
ailure mode multiplier will be used in conjunction withhother multiplying factor
Eent's failure rate that, in turn, will be used in subsequent computations to

overall equipnent failure rate.

24.3 Parts stijess method

24.3.1 This nf

a) All
works

b) Ap
Milita
c) Fo

is to b

d) All
be en
anoth

ethod is as follows:

critical components are to be itermized in the first column of the Parts Stress
heet, Figure 24.1.

pblicable equations are.to-be selected from the Parts Stress Analysis Predicti
y Handbook Number217.

[ each component the base failure rate (Ap) at operating stress and ambient
e recordedeinto the appropriate column of the worksheet.

applicable multiplying factors (1 factors) including the failure mode multiplier
ered into the worksheet, using an environmental factor, T, corresponding tg

arameter drift.
e determined.

iplier (Tg,,) for
ith respect to
modes of that
pr of one is to
5 to determine
determine the

Method

bn method of

femperature

(T4y,) are to
Gg, unless

bienvironmental factor is specified in the end-product standard.

e) Each component’s failure rate, A, is to be calculated using the applicable Military Handbook

Numb

er 217 equation which is then multiplied by Tgq,.

f) All the individual part failure rates are to be appropriately mathematically combined to obtain
the composite equipment failure rate.


https://ulnorm.com/api/?name=UL 991 2010.pdf

OCTOBER 22, 2004 UL 991 49
Figure 24.1
Parts stress method worksheet
DEVICE EQUATION Tim| M| e | ™a|s2 | e | "R| ™V | Taps |TSR| Tev Teve | L [P [ Peve
Ap = Failure Fate for Component — Foilures{106hours Overall Systdm
(Sum of numbers for that Component Failure Rate

$3316

Failures/10%hours
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24.3.2 The individual component failure rates may be obtained from any of the following sources:

a) The tables in Reliability Prediction of Electronic Equipment, Military Handbook Number 217F,
if the components comply with all the requirements of the appropriate military specification,

includi

ng all acceptance and conformance tests and documentation.

b) Same as in (a) multiplied by the "commercial grade” quality factor, based on an evaluation

of the

manufacturer’'s production tests. See Marking, Section 31.

c) Other widely accepted publications, such as the Rome Air Defense Command (RADC)
series which accumulate historical failure data. Care needs to be exercised when this type of
data is employed to ensure that the conditions of the component’s use for which the historical

data
Adjus

d At
this m
scree

e) Ma
requir
scree

24.4 Operatid

24.4.1 When
for:
a) A
b) Fo
than t

Exception: A
Demonstrated

I Hael Haa-ata—th ot Aael £+l 1 £
Ave UTTITT CUITTYTICTU AP PTUATTTIATT T ITneTiutu uott UT LTS CUTTTPUTITTIU T YUt o

ments to the failure rate data may be necessary to account for use differeng
ailure rate demonstration that consists of determining failure rates by tests p
ethod is used to obtain component failure rates, it is required thaf>quality ass
hing, and burn-in program be implemented.

nufacturer supplied data is acceptable if a review determines compliance wi
bments, test conditions, and the like, as in (c). This also requires quality ass
hing and burn-in programs.

nal test

operated under the conditions of normal use, a control shall perform its inter]

period of time and temperature as-specified by the end-product standard or,

urteen days in an ambient airtemperatures of 60°C or 140°F, or 10°C or 18
he operating temperature,\whichever is higher.

control investigated by the Composite Operational and Cycling Test, Sec
Method, Section 25, need not comply with this test.

on.
es.

erformed. If
surance,
h the same
irance,

ded operation

F greater

ion 16, or the
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25 Demonstrated Method
25.1 General

25.1.1 A control shall perform its intended function after being subjected to the tests in this section. See
9.4,

25.1.2 Table 25.1 lists multiplying factors that, when multiplied by the test acceleration factor of Table
25.2, give the required number of test unit-hours. Any combination of sample units and test hours, the
multiple of which equals the required test unit-hours, may be used. Minimum requirements for sample
units and test hours may be established in the end-product standard. Identification of critical components
is required.

Table 25.1
Multipliers for test acceleration factors

Intendedl use of control Usage level h/yr ab Multiplier
Nonindustrial 1-100 57.63
101 - 1000 576.30
1001 — Continuous 5763.00
Industrial 1-100 86.98
101 - 1000 869.80
1001 — Continuous 8698.00
a As determined| by the end-product standard.
b Of electrical orf thermal stress, or combination thereof.

Table 25.2
Test accelefation factor equations
Use ambient Equation
Any Equation 1
40°C Equation 2
25°C Equation 3
Equation 1:
paF = 7| [+ - 1) 7543.23 + 4.6052
L a

Table 25.2 Continued on Next Page
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Table 25.2 Continued
Use ambient I Equation
Equation 2:
-1 [7543.23
TAF = In™" [F222:£2 - 19,4830
T
Equation 3:
-1 [7543.23
TAF = In-" [——— -20.6949
Te
in which:
kelvin = degreeq Celsius + 273.15
T, = Desired tes} temperature expressed in kelvin.
T, = Control usd ambient temperature expressed in kelvin.
TAF = Test accgleration factor.

25.1.3 The following procedure is to be used for selec¢ting the required number of test unit-hours:

a) Taple 25.1 determines the multiplier for“the control according to intended use gnd usage

level.

b) Fig

ure 25.1 may be used to.eStimate the test acceleration factor for controls infended for use
in either a 25°C or 77°F, or 40°C or 104°F ambient. This is done by projecting the|chosen test
tempgrature vertically until.it intersects the appropriate ambient line. The ordinate yalue of this
intersg¢ction point is the-test acceleration factor.

c) The applicable eguation in Table 25.2 shall be used to determine the test acceleration factor.

d) The required‘test unit-hours is the mathematical product of the multiplier and tHe test

accelq

ration-factor.
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Figure 25.1
Determination of test acceleration factor
40°C

100

25°C

TAF

N
Py
SN
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25.2 Test me

25.2.1 The cq
circulating air
until the requi
serve to redud

25.2.2 A control that continuously-cycles as part of its application is to be cycled during t

A control that

is to be testedl in the standby“condition and periodically cycled during and at the conclus

period.

25.2.3 The cd
Lights, actual

25 30 35 40 45 50 35 60 65 70 75 80 85 90 95 400105110 1151201
TEST TEMPERATURE (‘@)

hod

ntrols are to be connected to the test voltage specified in Table 9.2 and th
oven maintained at the chosentemperature, if necessary to provide an eley
red number of test unit-heurs has been reached. The circulating air in the
e the temperature of theé control during the test.

is normally in a-standby condition and is called upon to cycle at a predeterm

ntrolted functions are to be monitored and cycled as specified in the end-pro
oadsy or other acceptable loads which will represent the normal and intended

5130135140

bn placed in a
ated ambient,
bven shall not

ne test period.
ined condition
on of the test

duct standard.
pperation may

be specified.

25.2.4 The test is to be continued until the required number of test unit-hours is accumulated. Component
replacement may be permitted as specified in 25.2.6 and 25.2.7.

25.2.5 At the conclusion of the test, the controls are to be subjected to 50 cycles of intended operation
at the intended operating ambient.
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25.2.6 A noncritical electronic component that malfunctions during the test shall be replaced and the test

continued.

25.2.7 A critical electronic component that malfunctions during the test is to be considered unacceptable

unless:

a) An electronic component that has been found acceptable in accordance with 6.3(d)(1), (2),
or (3) may be replaced with one of the same manufacture and type and the test continued; or

b) The critical component may be replaced with one of the same type and manufacture and the
test continued without further malfunction of any critical component until the test unit-hours

equal

1.6876 times the initial value as determined in accordance with 25.1.3.

POWER CYC
26 General

26.1 A contro
no electrical o
the inherent "

27 Overload

27.1 A contrg
of not more
specified in T
condition, opeg)

27.2 A contrg
77°F is to be

28 Endurancsg
28.1 Followin

end-product s
as specified i

| ING TESTS

shall perform acceptably when subjected to the tests in these sections, and
I mechanical malfunction. The tests are to be conducted at 50-420 percent '
bn"” time of the equipment duty cycle.

[est

| is to be mounted as in use and operated for 50 cycles of its intended oper
han 6 cycles per minute while connected to~a circuit of 120 percent of th
able 9.2. Each cycle is to consist of starting with the control energized i
rating the control in the intended manner, ‘and restoring the control to the star

| intended specifically for use withia prevailing ambient temperature highern
ested at that temperature.

e Test
h the overload test, the 'same control is to operate for the number of cycles s

fandard at a rate(of ‘not more than 6 cycles per minute while connected to g
Table 9.2 and.with related devices or equivalent loads connected to the ou

there shall be
on" time or at

ation at a rate
e test voltage
N the standby
dby condition.

than 25°C or

pecified in the
supply circuit
put circuits.
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FOLLOW-UP

29 General

PROGRAM

29.1 To verify continued compliance with these requirements, a Follow-Up Program shall be implemented
in accordance with Follow-Up Program, Supplement SA.

RATING

30 General

30.1 A device shall be rated in voIts and, as approprrate for the |ntended use, also in horsepower,

combination thereof. The ratlng of a device shall include the current in amperes if the wattage rating is not

a close indicg
alternating cu
frequency, ex
include the ph
MARKING

31 General
31.1 A devics

a) Th
the or

b) A
c) Th

Exception No,
with a rating.

Exception No

with a rating if

31.2 A distind

tion of the volt-ampere input. The rating shall indicate whether the dévice
rent and, for an alternating-current device, the number of phases_and, if
ept that a single-pole or other device obviously intended only for single-phasg
ase rating.

shall be legibly and permanently marked with:

e manufacturer's name, tradename, or tradémark or other descriptive markin
panization responsible for the device may-be identified;

listinctive catalog number or the equivalent; and

b electrical rating.

1: A device intended only for factory installation in end-use equipment need
2: A device intended only for installation as part of other equipment need
a different«catalog designation is employed for each different rating.

t catalog-humber or suffix for each design or function shall be marked on thg

s for direct or
ecessary, the
b use need not

g by which

not be marked

not be marked

b device.

31.3 Ifaman

Lfacturer produces or assembles solid-state devices at more than one factory

each finished

item of equipment 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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SUPPLEMENT SA - FOLLOW-UP PROGRAM

INTRODUCTION

SAl Scope

SAl1l.1 This Supplement describes the follow-up program for solid-state controls that perform
safety-related functions for the products covered by this Standard to verify that the products continue to
comply with the requirements in this Standard. This Supplement is considered an integral part of this
Standard. These requirements are intended to supplement, not replace, other follow-up program
requirements that are appllcable to the general cIasses of apphance controls that are covered by the basic

Standards ap
Equipment, U
the Standard
Requirements
requirements.

SA1.2 This §
necessary to

R 873 and the Standard for Solld State Controls for Appllances UL 244A.'Cq
for Automatic Electrical Controls for Household and Similar Use) P
UL 60730-1, and/or the applicable Part 2 standard from the UL 6Q730" seriq

SA1.1 revised June 9, 2010. UL 873 and UL 244A will be withdrawn on October 19, 2016.

upplement describes the manufacturer’s production lineand quality assura
erify that the product continues to be in compliance with the requirements in

This Supplement also describes the responsibilities of the field*representative of th

organization.

SA1.3 Realiz
processes ar
registration, q
concurrence d
requirements
safety-related
means that t
organization’s

SAl1.4 The ¢
agreements,

application of
legal agreem
manufacturer
necessary by
to control the

ng that manufacturers normally have quality, assurance systems to control th
d products, this Supplement covers functional test, component screeni
hality assurance based procedures, and\other measures taken by the manufa
f the certification organization and; once implemented, are considered to be

functions. Such measures arexrequired by the certification organization as 4
e manufacturer exercises to-determine conformance of products with th
requirements.

ertification organization shall have additional authority specified in le
Signed by both_the " certification organization and manufacturer, to control
the certification.rark(s) for product, packaging, advertising, and associated
bnts shall_e@ver the control methods to be used by the certification org
s options{for appeal. Any additional inspections, tests, or other meas
the certification organization but to be taken by the manufacturer are to be a
Lse.and application of the certification mark(s).

nd-Regulating
ympliance with
t 1: General
s fulfills these

nce programs
this Standard.
e certification

eir production
ng, 1SO 9000
cturer with the
the minimum

Df the certification organization as applicable to electronic controls that perforin one or more

N audit of the
e certification

gally binding
the use and
literature. The
anization and
ures deemed
bplied in order
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SA2 Glossary

SA2.1 For the purpose of this Supplement, the following definitions apply.

SA2.2 ACTION REQUEST (AR) FORM — A document used to record the manufacturer’s quality
assurance program discrepancies and communicate the manufacturer’'s proposed corrective actions to

the certificatio

n organization.

SA2.3 CERTIFICATION MARK — A distinctive registered mark of the certification organization (that
includes, in addition to the mark, the product name, a control number, and the word "Listed,”
"Recognized,” "Certified,” "Classified,” or the like) that the manufacturer is authorized to apply to a
product as the manufacturer’s declaration that the product complies with the requirements in the

Standard, the

—all L] [l i D 4 P A (el [l 4
HUNTUVWTUM Mo T LLHUTT JUCTUTTITTIL,  Aarfu o SUPMITTTTICTIL.

SA2.4 CERTIFICATION ORGANIZATION — A third party organization independent éf\the

who, under a
requirements
product to ver
Document, an

SA2.5 CRITI(Q
that has been
Mode and Eff

SA2.6 ELEC]
resistors and
with air-gap ¢
Supplement.

SA2.7 FAMIL
these compon

SA2.8 FIELD
makes period
inspections ar

SA2.9 FOLL(Q
organization,

manufacturer
and condition
the authorizat

egally binding contract with the manufacturer, evaluates a product forlcompl
specified in the Standard, and who maintains periodic inspection ©f, productig
fy compliance with the specifications in the Standard, the Follow=Up Inspect
d this Supplement.

CAL COMPONENT — A component that performs one,or‘more safety-related
identified as a critical component in accordance witihGeneral, Section 6, an
pct Analysis, Section 7.

'[RONIC COMPONENTS - Semiconductor devices and discrete components
Capacitors and the like. Electro-mechanicakeomponents such as relays and
bntacts are not considered to be electronic components for the purpose of th

Y — Those controls that employ.the same critical component or components
ents in the same complete cantrol, subassembly, circuit, or an individual cor

REPRESENTATIVE — An authorized representative of the certification orgar
c unannounced visits\to the manufacturer’s facilities for purposes of conduct
d monitoring the(manufacturer’s production program.

W-UP INSRECTION DOCUMENT — The document issued by the certificatig

ipon detérmination that a product is eligible for certification, for use by the a

and the\field representative. The document contains requirements and other
regarding the Listed, Recognized, Classified, Certified, or the like, product

manufacturer
ance with

n of the

on

functions and
H Failure

such as
bnap switches
s

or subsets of
hponent.

ization who
ng

n
ithorized
provisions
and provides
with

on_for the manufacturer to use the Certification Mark on products complying

applicable req

uirements.

SA2.10 FOLLOW-UP PROGRAM - The sampling, inspections, tests, or other quality assurance based
measures taken by the manufacturer and supplemented by the certification organization as an audit on
the means that the manufacturer exercises to determine compliance of products with the requirements
of the certification organization. Such an audit is generally conducted at the manufacturing location,
although examination and testing may also be conducted by the certification organization on samples
selected from the manufacturing location.
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SA2.11 MANUFACTURER - The authorized party who maintains and operates the facilities where a
Listed, Recognized, Certified, Classified, or the like, product is fabricated, processed, finished, or stored
and where the product is inspected and/or tested as described in the Follow-Up Inspection Document

and this Supp

lement.

SA2.12 QUALITY ASSURANCE (QA) MANUAL — A document that describes the manufacturer’s
policies, procedures and, or practices regarding product quality assurance, and makes reference to all
applicable program elements.

SA2.13 QUALITY ASSURANCE SYSTEM SURVEY FORM — A document used by the Field
Representatives and engineers to assist in completing manufacturing quality assurance program

verification of

both initial and continued compliance.

SA2.14 VARI
product or ma
Inspection Do

SA3 Respong
SA3.1 Gener

SA3.1.1 ltis ]
that are found

SA3.1.2 The
the Follow-Up,

SA3.1.3 The
items describe
chosen by thg

implementatiop.

SA3.2 Recor(

SA3.2.1 The
Follow-Up Ing
other authoriz

SA3.2.2 Recq
or until compl

ATION NOTICE (VN) — A document used to record observed differences, bét
nufacturing process and the description of the product or process in the\foll
cument and this Supplement.

ibilities of the Manufacturer

il

to comply with the Standard, this Supplement, afd the Follow-Up Inspectio

manufacturer shall confine all Certification Marks to the location or locations
Inspection Document.

ween a
bw-Up

he manufacturer’s responsibility to restrict the use ofithe Certification Mark to those products

Document.

authorized in

manufacturer shall maintain records,cequipment, and a follow-up program that includes the

d in SA3.2 — SA3.4. Where a manufacturer’s option is noted in this Supplem
manufacturer shall be described’and noted in the Follow-Up Inspection Dog

-

S

manufacturer shall maintain records and documents as specified in this Suppl
pection Document and shall make such records available to the Field Rep
d representative of the certification organization for review upon request.

rds of\all-required tests shall be maintained and shall be retained for at least t
ption of the next follow-up inspection, whichever occurs first.

ent, the option
ument prior to

ement and the
resentative or

ivelve months,

SA3.2.3 The records specified in SA3.2.2 shall include:

a) Item identity,

b) Lot size and lot identity,

c) Sa

mple size and date taken from production,

d) Dates, measurements, and tests performed,

e) ldentification of measuring and testing equipment used,
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f) Quantities accepted and rejected, and

g) Corrective action taken.

SA3.3 Equipment

SA3.3.1 The manufacturer shall determine that the test equipment functions as intended and shall have

the equipment

a) At

calibrated:

regular intervals, not less than once annually,

b) Whenever it has been subject to abuse (such as being dropped or struck with an object),

and

c) WHh
SA3.3.2 Calil
SA3.3.2.1 All
certification of

of the measur
accuracy, pre

SA3.3.2.2 Calibration records shall include the equipment.name, manufacturer's name
pe, location of use, frequency of calibration,” date last calibrated, who performed the
d the date the next calibration is due. The~calibration program shall identify t

number or ty|
calibration, an
be used to p
standard.

SA3.3.2.3 Th
conducted bef

SA3.3.2.4 M{
calibration sy

bments made. The frequency of calibration is to be specified; which is based @
Cision, stability, purpose, and degree of use.

en its accuracy is questionable.
ration system

test equipment and measurement standards used for determining compli
ganization’s requirements shall be included in a calibration System to contro

erform the calibrations. This standard, shall be traceable to a national o
£ records shall include any erfoss-checks, periodic inspections, maintena
ween calibrations.

asuring and testing equipment that is not included in the certification
tem shall be identified as such in the program.

ance with the

the accuracy
n the required

identification
he standard to
r international

nce or repair

brganization’s
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