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1. SCOPE

11

This SAE Aerospace Recommended Practice (ARP) is intended to be used as a guide for defining the methods to

be used in performing electrical acceptance tests with automatic test equipment and to ensure repeatability and
compatibility of results between manufacturers and between manufacturers and users.

1.2

2. REFERENCES

21

The fo”owing publicatinnc form a pgrf of this document to the exdent cpnr\ifind hersin—Fhe-latestiss

Applicable Documents

It is understood that the terms relay and contactor are used interchangeably throughout this document.

e of SAE publications

shall apply. The applic
event of conflict betw
precedence. Nothing ir
has been obtained.
211  U.S. Military P

Available from the O
Philadelphia, PA 1911

MIL-STD-202 Te
DOD-HBK-263
MIL-STD-704
MIL-STD-1000 Drj
MIL-STD-1686 El
MIL-PRF-6106 Re

Aifcraft, Electric Power, Characteristics

hble issue of other publications shall be the issue in effect on the date of the
een the text of this document and references cited herein, the text\ of]
this document, however, supersedes applicable laws and regulations tnleg

Iblications

ocument Automation and Production Service (DAPS), Building 4/D,
-5094, Tel: 215-697-6257, hitp://assist.daps.dla.mil/quicksearch/.

st Methods for Electronic and Electrical Component Parts

awings Procurement (Identical items), for Electronics Command Equipment
pctrostatic Discharge ControlProgram for Protection of Electrical and Electro

lays, Electromagnetic:General Specification for

purchase order. In the
this document takes
s a specific exemption

00 Robbins Avenue,

El¢ctrostatic Discharge Control Handbook for, Protection of Electrical and Electionic Parts

hic Parts
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212

ANSI Publications

Available frcm American National Standards Institute, 25 West 431d Street, New York, NY 10036-8002, Tel: 212-642-

4900, www.ansi.org.

ANSI Z-540
ANSI Y 10.19
ANSI/IEEE STD 100

21.3 ECA Publicatio

Available from ECA, 25

Engineer's Relay Hand
2.2 Definitions

The definitions as stats
3. PERFORMANCE |
3.1 Itis the intent o

relays fully rated

specifically noteq
3.2
321 ltis to be unds
relays and con
be verified and
3.22 Pickup value (
to the pickup g
to transfer to th
3.23 Pickup value (
removing coil
instantaneousl!
state. If prope
specified picky

Pickup, Latch, and Reset Value (Voltage)

Calibration Systems Requirements
Letter Symbols for Units Used in Science and Technology
Standard Dictionary of Electrical and Electronic terms

ns

ral.org.

book

d in the Engineer's Relay Handbook shall apply unless othepwise stated here
REQUIREMENTS

this document to adequately define test equipment capable of performing
25 A or more. These tests must be capable of pedforming without human ass
. and of recording the actual test results on eleétronic media and/or hard copg

erstood that pickup, latch, and resebare essentially the same function applis
tactors. Although the following discussion refers only to pickup, latch and re
measured in the same manner

cltage) shall be verified by instantaneously applying the maximum specified
oil and observing thatwall contacts have transferred to the energized state. H
e energized state-shall result in relay rejection.

cltage) shalhbe*measured after verification of pickup, by dropping out the re
voltage, reducing the coil voltage by 2% of the maximum specified pi
reapplting to the pickup coil and observing that all contacts have transfg
operation occurs, the unit shall be dropped out, voltage reduced anothe
pevalue (voltage), instantanecusly reapplied, and checked for proper operati

in.

the electrical tests of
istance, except where
y print out.

d to different types of
et value (voltage) will

pickup value (voltage)
Failure of any contacts

ay by instantanecusly
ckup value (voltage),
rred to the energized
2% of the maximum
bn. This cycle shall be

continued until

thel lowest annlied voltace which fully onerates he relav is determined This
Linfll) = F T F

owest applied voltage

shall be the measured pickup value (voltage). This technique shall be referred to as "step back’.

3.2.4

A second method for measuring pickup value (voltage) is by step forward. In step forward, a voltage below the

expected pickup value (voltage) is applied to the coil. This voltage as a default, will be the maximum permissible
dropout value (voltage), but may be set to other values. From this initial value, the voltage to the coil shall be
increased by steps of no more than 2% of the maximum specified pickup value (voltage), allowing sufficient time
for relay response, until relay pickup occurs and all contacts have transferred to the energized state. The lowest
voltage at which the relay picks up shall be the measured pickup value (voltage).
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325

326

327

3.3

3.3.1

332

3.4

3.41

3.5

3.5.1

352

353

354

355

Dropout Value (

The third method for measuring pickup value (voltage) is by ramping. In ramping, a voltage below the expected
pickup value (voltage) is applied to the coil. This voltage as a default, will be the maximum permissible dropout
value (voltage), but may be set at other values. From this initial value, the voltage to the coil shall be increased in
a linear manner, with a rise time of 10 times the L/R ratio of the tested coil. The lowest voltage at which the relay
picks up and all contacts transfer to their energized state shall be the measured pickup value (voltage).

For both the step forward and ramp methods provided, the maximum pickup value (voltage) has been verified in
accordance with 3.2.2. If pickup has not occurred by the time the maximum pickup value (voltage) has been
reached, the test shall be terminated and the maximum pickup value (voltage) reported as the measured pickup
value {voltage).

Higher rates of voltage ramping are permissible provided the ramp rate does not affect the integrity of the
measurement by more than £10%.

oltage) (Not applicable to latching devices)
The maximum|operating voltage shall be applied to the coil and proper operatioff verified. The applied voltage
shall be held for one time period and then reduced to zero within one to three'time pgriods. The measured
dropout value |(voltage) is that voltage at which all the contacts have returnedite their dg-energized state. The
measured dropout value (voltage) must be within the allowable dropout range. Failure to do|sc shall result in relay
rejection.

Higher rates gf voltage ramping are permissible provided the raimp rate does not affept the integrity of the
measurement py more than £10%.

Hold Value (Volt

The maximum
voltage shall b
hold value (vo
stated otherwig
relay shall be
(voltage).

Operating, Releg

An illustration glefining operate, release, and contact bounce can be found in MIL-PRF-610§.

Unless otherw
tests are requ
requirements.

hge) (Not applicable to latching devices)

operating value (voltage) shall be applied to the coil and proper operatior
e held for one time period and then reduced to zero within one to three time ¢
tage) is that voltage at which any-contact changes from its energized sta
e, the specified hold value (voltage) shall be the maximum allowable dropo
considered rejected if the me&sured hold value (voltage) is higher than th

se, and Contact Bouneg'Times

se specified{ all times testing shall be performed at the rated coil voltage.
ired, then ATE shall be capable of performing additional testing of any

Auxiliary cont

verified. The applied
eriods. The measured
fe. Unless specifically
it value (voltage). The
b specified hold value

When additional times
r all of the following

ctleading during testing shall be a maximum of 100 mA at 6 VDC, althoug

it shall be possible to

reduce the contact loading when specified. Primary contacts without a low level rating may have testing
performed at any voltage up to the contact nominal rating. The timing mechanism shall be capable of resolving
contact bounce 100 us in duration on the auxiliary contacts.

The ATE shall be capable of measuring the operating, release, and bounce times of all contacts, comparing those
times to a specified range of allowable values, and determining acceptance or rejection. The ATE shall also be
capable of displaying the specific information on each contact.

It is understood that operate time refers to the time lapse between initial energization of the coil and the transfer
of all contacts. As such, it is applicable to the pickup operation of side stable relays, and to latch and reset
operation of latching relays. Contact bounce is not included in operate times. The appropriate voltage is to be
instantaneously applied to the coil and the contacts monitored for operation. Any contact which exceeds the
allowable limit shall be cause for relay rejection.
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Release time refers to the time lapse between the removal of coil power and the transfer of all contacts. As such,
it is applicable only to the dropout operation of sidestable and normally open relays. Contact bounce is not
included in the measurement of release time. During testing, the coil voltage shall be instantaneously removed
and the contacts monitored for proper operation. Any contact which exceeds the allowable limit shall be cause for

Contact bounce refers to that time period during pickup/closing and dropout/trip testing during which the contacts
intermittently make and break continuity. The ATE shall be capable of distinguishing between contact bounce
(contact voltage drop 90% or greater applied contact voltage) and dynamic contact resistance (contact voltage
drop less than 90% of applied contact voltage). The ATE must be capable of looking for bounce at least four
times longer than the maximum allowable bounce of the relay (i.e., 20 ys if the maximum is 5 ys). Coil voltage
shall be instantaneously applied and removed during bounce testing. The ATE shall be capable of monitoring all
contacts for both make and break bounce, measure the length of the contact bounce pericd and the number of

that period and determine the acceptance or rejection of the relay. Any con

ct which exceeds the

356

relay rejection.
357

bounces withi

maximum allo
3.5.8 Unless make-

contacts closirn

normally open

be less than 1
3.6 Transfer Time
3.6.1 Transfertimei
no current flo
by calculation
pickup will be {
the operate tin
difference bet
the normally ¢
transfer time.
transfer time fq
3.6.2 Transfer time
for all contacts
and reapplying
all contacts of
the release tin
closed contac
sequence de-4
coils must tak
coil voltages, d
double throw g

able bounce shall be cause for relay rejection.

pefore-break action is specified, double throw relays shall show no evidence
g before all normally closed contacts open; any normally closed contacts sh
contacts break. Contact break bounce on release of normally open<ontacts
DO s,

5 a test unique to double throw relays and refers toxthe time on a double thro
s through any of the contacts. Transfer times may'be determined for sidest
once the operate and release times are detérmined, or it may be tested
he difference between the operate time of the-normally closed contact of the
ne of the normally open contact of the dowble throw pair. Transfer time dur
een the release time of the normally opéh contact of the double throw pair, 3

nless otherwise specified, transfertime must be greater than zero and less
r any contact outside of allowable range shall be cause for relay failure.

of any normally open
Bl not make before all
where specified) shall

contact during which
Bble or latching relays
Transfer time during
double throw pair, and
ng dropout will be the
nd the release time of

osed contact of the double throw pair-Transfer times shall be compared to fhe specified allowable

han allowable limits. A

bf a center off, double throw relay is determined by energizing one coil and

llowing sufficient time

to transfer their energized state, then instantaneously remaoving voltage from the energized coil,

it to the de-energizetl'coil. The release time of all contacts of the first coil apd the operate time of
the second, shalllbe measured, and the transfer time shall be calculated as the difference between
he of the first ¢oil energized - closed contacts and the operate time of the second coil energized -
s for each<deuble throw contact pair. Transfer time shall also be determined for the reverse
energizing.the second coil, and energizing the first. The switching of coil ppwer between the two
e no lenger than 1 ms. The ATE shall be capable of performing transfer times testing at specified
omparing the measured time with allowable limits, and rejecting the relay if the transfer time of any

ohtact exceeds allowable limits, or unless otherwise specified is zero.

3.7 Simultaneous Operation

3.7.1

Simultaneous operation is a requirement that certain groups of contacts operate together within a specified time
period. Given the results of operate, release, and transfer time, simultaneous operation may be determined
without additional testing, unless the coil voltage required for simultaneous cperation is different than that used in
operate, release, and transfer time tests. If additional testing is required, the ATE shall be capable of determining
the needed test and calculating simultaneous operation from the results.
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3.7.2

Relays with large numbers of auxiliary contacts may require the ATE to be capable of assigning all contacts into
many groups. Within each group, the simultaneous operation range shall be the difference between the highest
and lowest measured time within each group. Therefore, as many as ten simultaneous operation ranges may be
obtained from each simultaneous test performed. The ATE shall be capable of comparing each measured value
with the specified allowable range, and determining if the relay is acceptable or rejected. The ATE shall be
capable of displaying the simultanecus operation range for each group, and if a relay is rejected, specify the
average high and low for the group, and identify the specific high and low contact. Simultaneous operation may
be required for operate, release, or transfer time. The ATE shall be capable of performing simultaneous operation
on any, all, or none of the contacts.

3.8 Coil Current and Resistance

3.81
maximum curr
measurement
3.8.2  When requireg

3.9 Coil Transient Slippression

The ATE shall be capable of measuring the current flowing into each coil at a specified voltage. The current may
be transitory, such as coil inrush lasting up to 200 ms_and steady state The current that is reported shall be the
bnt measured during the reporting period. The ATE shall be capable of varying the coil voltage and
fime, and compare the measured values for both inrush and steady state'tp maximum allowable
values. Current in excess of allowable values shall be cause for relay rejection.

, coil resistance will be determined by repeating the pickup voltage test and dividing the voltage
applied by the|measured coil current. This may produce a pickup coil resistance and a hold coil resistance. The
ATE shall be cppable of determining the coil resistance without additional testing.

, the ATE shall be capable of measuring the transient voltage generated by the relay coil during
dropout, or duning energizing of the second coil of a magnetically latched relay.

Transient voltgge shall be measured as follows. The relay* shall be energized by applying the maximum operating
coil voltage of the proper polarity to the coil. Afte¥ one to three time periods, the poil voltage shall be
instantaneously removed and the relay allowed te dropout. The ATE shall be capable of measuring the peak
e spike which follows and compariAg it to the maximum allowable limit. An excessive voltage spike
for relay rejection. A transient voltage test when required shall be performed on each coil of the
relay. It shall be possible to disable the reverse polarity check for selected relays.

3.91  When required
392
negative voltag
shall be cause
3.10 Insulation Resistgnce

3.10.1 When requireq
between all te
e performed i
3.10.2 The ATE shall
2 min per test
resistance at

., the ATE shall measure the insulation resistance between all mutually in
minals and cage in accordance with method 302, test condition B of MIL-S]
N all possiple’states of the relay (a maximum of three).

accept.a matrix describing the test points for each test state, and apply 500
poifit~The resistance of that path shall be measured during the application

Sulated terminals and
'D-202. The test shall

DC for a maximum of
of voltage, and if the

pry)time during the 2 min period exceeds the minimum allowable insulatjon resistance and is

increasing, the test may be terminated. The insulation resistance at the end of the test shall be the measured
insulation resistance and be compared to the minimum allowable insulation resistance. Measured values below
the allowable resistance shall be cause for relay failure.

3.10.3 The ATE shall

allow insulation resistance to be measured at any point up to 2 min.

3.11 Dielectric Withstanding Voltage

3.11.1 Relays shall be tested in accordance with methed 301 of MIL-STD-202. Dielectric voltage shall be applied

between all mutually insulated parts and between these points and case or ground. A leakage current of more
than 1.0 mA at the specified test voltage which is caused by arc over (air discharge), flash over (surface
disclosure), breakdown (puncture discharge), or other insulation breakdown, shall constitute a relay failure.
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3.11.2 The ATE shall accept a matrix describing the test points for each test state. This matrix is identical to that used in
insulation resistance testing. Additionally, the ATE shall accept two test voltages for each test point, one

describing a 1

3.11.3

min test, and one describing a 2 s test.

The ATE shall apply the 2 s voltage level for 2 s to each test point and test state as described by the supplied

matrix. In the event of failure of any test point, the voltage level shall be reduced to the 1 min voltage level and
applied to that test point only for 1 min. If that test point fails the 1 min test, it shall reject the relay. If the relay
passes the reduced level, it shall be considered an acceptable relay, and proceed to the next test point, utilizing
the 2 s voltage level for that test point.

3.12 Contact Voltage

Drop

3.121 The ATE shall be capable of supplymg the speC|f|ed current at 8 VDC to the auxmary contacts. The voltage drop

shall be measy
applying the s

relay shall the
readings take
drops, the relg

4. ATE EQUIPMENT]

peo|f|ed current to the main contact pair and adjustmg as neoessary fore
N be cycled, and the contact voltage drop measured within 10 s. This cycle m
N on each specified contact pairs. If any individual reading is in excess of
y shall be rejected.

REQUIREMENTS

[E is intended to reduce the labor associated withy performing final testin
cordingly, it is intended that a relay shall be attached to the ATE, and th
r involvement, except in the event of relay failuré.

be programmable with the ability to reaghits program from some form of pern
hard copy identified by part number, serial number, work order number, lot n
e possible to select the test results to be displayed or printed.

nation as to cause of-the failure.

shall be medularin nature, and capable of being performed as stand alone
iations in test Sequencing may be ccmmanded by the operator.

5s 1o testSequencing shall be user friendly, and ideally through a menu systs
[ program requirements without proper authorization.

he-ATE shall be capable of

pbntact resistance. The
ay be repeated with all
the allowable voltage

 of power relays and
en fully tested, without

nanent media.

be capable cof displaying the statys and results of testing on a screen to the operater, as well as

Limber, date code, and

be capable of identifying relay failures, printing out the specific failure information and providing all

ests, orin any desired

m. Operators shall not

41  Control
411 The use of A
contactors. Ad
further operatq
41.2 The ATE shall
41.3 The ATE shal
printing out a
date. It shall b
4.1.4 The ATE shal
possible inforr
415 The ATE tests
sequence. Va
416 Operator acce
be able to alte
41.7 Programs for
available, it sh
418

all be specified in ATE documentation.

exercising of all programmable subsystems.

4.2 Hardware

421
maximum rise

time of 100 ps.

the ATE shall be capable of being prepared off line [If the required software is commercially

Software shall include computer aided verification capability if applicable, and calibration routines to allow

The ATE shall be capable of supplying 0 to 40 VDC, 10 A, with 0.01% regulation to each coil circuit and a

422 The ATE shall be capable of supplying 0 to 115 VAC rms, 60 Hz, 2 A with 0.01% regulation to each coil circuit.
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