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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria ‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Téthnical Barriers to Trade (TBT) see www.iso
.org fliso/foreword.html.

This| document was prepared by Technical ‘\Committee ISO/TC 20, Aircraft and spqce vehicles,
Subcpmmittee SC 1, Aerospace electrical requirements.

Any feedback or questions on this documrent should be directed to the user’s national standprds body. A
complete listing of these bodies can e found at www.iso.org/members.html.

Alist of all parts in the ISO 20949 series can be found on the ISO website.
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Introduction

This document provides general requirements of the smart contactor for aircraft.

Smart Contactor based power distribution systems are emerging among advanced aircraft applications,
especially among More Electric Aircraft and All Electric Aircraft. Standardization is increasingly
needed for Smart Contactors in aircraft power systems based on intelligent high current switching
and protecting technology. Those systems have the potential for higher reliability and longer operating
life, with higher capability for status sensing, over-current protection, lower maintenance costs, higher
flexibility of designing power switching as well as protecting performance compared with conventional
contactor switehed-systems:

The purpos¢ of this document, the definitions of smart contactor and the contents of the document are
as follows:

a) The purpose of this document:

1) To qtandardize the requirements for smart contactors that are physically.and environmentally
diversified.

2) To provide the applicable document for various smart contactors.
b) The def}nitions of smart contactor:

1) Corisists of an intelligent circuit and a power switch.

2) Turphs on/off the power output by receiving the contrdtsignal.

3) Detects the over current in the load which resultsiin shutting down for this current.

4) Indjcates the on/off status of the power output.

5) Reports the status of smart contactor,
c) The contents of this document:

1) Defjnitions of the technical terms.

2) Electrical requirements,

3) Test methods.

In order to patisfy the purpose of this document, requirements such as physical, environmental and
individual items are specified in accordance with the detail requirements that are issued individually.

vi © ISO 2018 - All rights reserved
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Aircraft — Smart contactor — General requirements

1 Scope

This document specifies the definitions, titles of design and general requirements and test methods to
determine the performance of smart contactors for use in aircraft electrical power systems. The smart
contactor consists of a switching driving circuit and a power switch for protection, action on control
signgls, and providing status information.

2 Normative references

The following documents are referred to in the text in such a way that some’or all of their content
constitutes requirements of this document. For dated references, only theledition cited [applies. For
unddted references, the latest edition of the referenced document (including any amendments) applies.

ISO 1540, Aerospace — Characteristics of aircraft electrical systems

ISO 4678:1985,Environmental tests for aircraft equipment — InsSulation resistance and high poltage tests
for electrical equipment

ISO 4137:1995,Aircraft — Environmental conditions and tést procedures for airborne equipmént

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO gnd [EC maintain terminological databases for use in standardization at the following dddresses:

— IEC Electropedia: available at http?//www.electropedia.org/

— ISO Online browsing platfgrin: available at https://www.iso.org/obp

31
bounce time
for al contact which isyclosing (opening) its circuit, the time interval between the instant when the
contact circuit firsf\closes (opens) and the instant when the circuit is finally closed (opened)

3.2
contpct bounce
intermittent opening of contacts after initial closure due to contact impact

3.3
control signals

signals including control or status which is specified for operation of the smart contactor, i.e. voltage
supply, control signals including turn on/off, switch status, and/or communication signals, or other

3.4
load voltage
voltage between the power output terminal of the smart contactor and the power ground

3.5
off state
condition which, with the turn-off signal applied, the device prevents power from being passed to the load

© ISO 2018 - All rights reserved 1
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on state
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condition which, with the turn-on signal applied, the device allows power to be passed to the load

3.7

peak let-through current
peak value of the current at maximum system voltage that the smart contactor will conduct for a
specified time interval without damage

3.8

power dissipation

due

power dissi
to internal |

Note 1 to ent
currents and

39
reset
restoration

3.10

rupture cu
maximum ¢
damage

3.11
short circu
circuit with

3.12

short-circu
maximum c
the most ad

3.13

bakage currents, and power supplies

F'y: When the smart contactor is OFF, the power dissipation includes only dissipation dug-to le
internal power supplies.

pf the tripped smart contactor to a state from which it can be turned,ON

'rent
urrent the power circuit is capable of interrupting at maximum system voltage wit

t
the impedance of less than 1 m() applied between the output terminal and ground

it current
irrent that the power circuit will passwithout damage for a specified maximum time y
erse combination of electrical andvenvironmental conditions

smart contactor

device consi

Note 1 to enti
when in the
to drive the @
limited to pr
that can trip,
the on/off st3

Note 2 to ent
applied to thd

sting of an intelligent circuit and a power switch

y: The contactor provides a power switch for high current from its power supply to its load ter
DN state and a highiimpedance in the OFF state. The intelligent circuit consists of a driving c

bgrammable.sighal processing, programmable protection characteristics, commutating capa
report device status, provide command to driving circuit in accordance with the control signz
tus.

y:-The state of the power switch normally conforms to that represented by the last command 5

s L D TECISRDN, T | 1 L ccraatad o £l sl : iy 1 ﬂ
PALIUIL VWIIIUIT ITICIUUTS dlIl lJUVVCl HIDDIPGLCH I LIIcC PUVVCI o VV lL\,llllls CIICUIL, PUVVCI IUSOT

kage

hout

nder

minal
ircuit

ontactor, a detécting circuit sensing the current in the load and intelligent core circuit with biit not

bility
l and

ignal

p smiart contactor

The smart contactor reverts to the OFF state on detection of an electrical overload or other specified

condition. A resetting operation is required to terminate the trip state. Trip-free action prevents the ON state

being he

The stat

3.14
supply volt

1d in the presence of an overload trip condition.

e of the power switch is represented by an indication signal supplied by the smart contactor.

age

voltage applied between the power input terminal of the smart contactor and the power ground

3.15
switch stat

us

indication showing the actual state of the smart contactor (ON state or OFF state)

© ISO 2018 - All rights reserved
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trip
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automatic reversion to the OFF state of the smart contactor output caused by an overload condition

3.17

trip curve
curve which sets the minimum and maximum trip points of the smart contactor and is plotted as
current versus time

3.18

trip free

feat
cont

3.19
trip

time
outp|

Note

3.20
turn|
cont}

3.21
turn|
time
steaq

3.22
turn
cont}

3.23
turn|
time
stead

3.24
unw

tripp
occu

Note

3.25

Lialas a1l 4 L 4 ] H 1 dad lo ol 1 L
I'C VVvIIIUIL VVIII lJl CVUIIU ouuocqucut T LlUDllls UITIT OS5 lJl cioucu U_y d 1CoCL Dlsllal, vvil

ctor has tripped due to an over current condition

time
interval between the application of an over current condition and the 10 % va
it current

1 to entry: In general, the higher is the over current condition the shortetisthe trip time.

-off signal
‘ol signal level at which the smart contactor is turned OEE!

-off time
interval between initiation of turn-off signal‘and the time when the output reach
ly-state ON value

-on signal
rol signal level at which the smart contactor is turned ON

-on time
interval between initiation of turn-on signal and the time when the output reach
ly-state ON value

anted trip
ing function/in\response to a condition that is not an over-current protection but a cq
I's as part ofthe normal or anticipated operation of circuit components

1 to entxy: Nuisance trip is synonymous with unwanted trip.

n the smart

ue of rated

10 % of its

90 % of its

ndition that

voltd

ge arop

voltage across input and output terminals of the smart contactor in the ON state at the specified load

4 General requirements

4.1

Detail specification sheets

The device manufacturer shall prepare an individual specification sheet for each type of device
produced. The individual specification sheet shall define the value for parameters.
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4.2 Materials

Materials shall be used which will enable the smart contactors to meet the performance requirements
of this document.

Materials used shall not support combustion, give off noxious gases in harmful quantities, give off gases
in quantities sufficient to cause explosion of sealed enclosures, cause functional contamination of any
part of the smart contactor, or form unintended current-carrying tracks when subjected to any of the
tests specified herein.

4.3 Construction

tible
nted

Smart contg
with requirg
in any attity

i

4.4 Terminals

ctors shall be of design, construction, minimum mass and physical dimensions comp3
pments. Smart contactors shall be designed so as to ensure proper operation when.imoy
de.

The constr
terminals,

tion of the smart contactors shall preclude mechanical damage, flaking of finish, loosing of
deterioration of marking when subjected to the test methods of this doeument.

4.4.1 Main terminals

4.4.1.1 General

There are two acceptable types of terminal as follows.

4.4.1.2 Stud terminals (threaded)

These term
having a dig
locking was
terminals in
be sufficien
partitions o

No rotation
material flo
or disconne

The equival

Each termir]
diameter of
exceed 1,55 |

nals shall accept connections using, aircraft-approved crimped-type lugs. A flat w{
meter at least equal to that of the base of the terminal, and a standard nut with sui
her shall be used on each terminal;'Suitable insulation barriers shall be placed betwee
order to prevent an accidental short circuit. The height and extent of these barriers
to prevent the short-circuiting of any adjacent terminals through the presence over 1
Fa flat conducting part.

or other loosening. ef’a terminal, or any fixed portion of a terminal, shall be causg
v or shrinkage, or‘any mechanical force (specified in Tables 1 and 2) involved in conne
ction, througheut-the life of the smart contactor.

bnt metric threads given in Table 2 may be used.

al shall’have a terminal seat that shall provide the normal current-conduction path
the‘seat shall not be less than the area necessary to assure that the current density dog

isher

[table

n the
shall
hese

d by

ction

The
s not

\/mm?2. The seat does not include the cross-sectional area of the stud.

Stud terminals shall be capable of accommodating two crimped-type lugs, with hardware as specified.

A minimum

4413 Pl

of one and a half threads shall remain above the nut, with all parts tightened in place.

ug-in terminals

Plug-in terminals, where applicable, shall conform to the dimensions and requirements necessary for

proper mati

ng with the associated sockets.

Units shall have the electrical and environmental tests performed with the associated socket or

connector as

sembled to the unit.

© ISO 2018 - All rights reserved
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Table 1 — Strength of threaded terminals (Static value of pull and torque)

. . Force Installation torque Design torque
Thread designation - -
N 1bf N-m Ibf-in N-m Ibf-in
No. 4-40 UNC 22,2 5 0,3 2,4 0,5 4,4
No. 6-32 UNC 133,4 30 0,5 4,5 1,1 10
No. 8-32 UNC 155,7 35 1 9 2,3 20
No. 10-32 UNF 1779 40 1,7 14,5 3,7 32
No. 10-24 UNC 1779 40 1,8 16 4 35
H4-28-UNF 2224 56 359 34 856 75
5/16-24 UNF 311,4 70 5,2 45 11,5 100
3/8-24 UNF 444.,8 100 7,8 68 173 150
7/16-20 UNF 4448 100 7,8 68 17)3 150
1/2-20 UNF 4448 100 7,8 68 17,3 150
1) Yee Reference [4].
Tlable 2 — Strength of threaded terminals — Metric units (Static value of pull and|torque)
) ) Force Installation torque Design forque
Thread designation - -
N Ibf N-m Ibf-in N-m Ibf-in
M2,5 22,2 5 0,3 2,4 0,5 4,4
M3 133,4 30 0,5 4,5 1,1 10
M4 155,7 35 1 9 2,3 20
M5 1779 40 1,8 16 4 35
M8 311,4 70 5,2 45 11,5 100
M10 444,8 100 7,8 68 17,3 150
M12x1,25 4448 100 7,8 68 17,3 150
M14x1,25 444.8 100 7,8 68 17,3 150
NOTIE There is no direct metric equivalent to the thread size 1/4-28 UNF. M7 would correspond but is not us¢d.
4.4.2 Auxiliary terminals
The auxiliary circuits:and control/status connections may be connected by stud, plug-in qr connector

termlinals to the appriopriate specification.

4.5

4.5.1

Enclosures

General

The enclosure design is identified by a single digit, in accordance with Table 3.

Table 3 — Enclosure design

Type Enclosure
1 Open
2 Enclosed (ventilated, explosion-proof)
3 Sealed (other than hermetically)
4 Hermetically sealed

© ISO 2018 - All rights reserved
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4.5.2 Open enclosures

Type 1 smart contactors shall be uniformly coated on all surfaces with the exception of the mounting
and terminals.

4.5.3

Enclosed enclosures (ventilated explosion-proof)

Unsealed units shall be totally enclosed for mechanical and dust protection and shall be explosion-proof.

4.5.4 Sealed (other than hermetically) enclosures

Environmer
hermetically
shall be puj
determined
performanc

4.5.5 Her

Hermeticall
sealed by fy
Hermeticall
the leakage

4.5.6 Gro

The enclosu
grounding v

The mounti
specified. A
terminal or

The covers {
unit. Metal ¢

4.6 Insta

Adequate cl
socket wrern

4.7 Term{inal marking

Stud termin

tally sealed enclosures shall be constructed by any means other than that defined,u
 sealed enclosures to achieve the degree of seal specified. Environmentally sealed
'ged and filled with a suitable gas of such characteristics that the leakage rate m4
by conventional means. The units shall be designed to ensure that the essential elecf
b is not jeopardized in the event of a failure of the environmental seal in senvice.

metically sealed enclosures

sion of glass or ceramic to metal, or by welding, brazing or seldering of metal to
 sealed units shall be purged and filled with a suitable inertgas of such characteristic
rate may be determined by conventional means.

unding of enclosures

res for type 2, 3 and 4 smart contactors shall be electrically isolated and provide mear
'here appropriate.

ngs shall provide an effective electrical) contact to ground when the unit is mountg
Iternatively, the enclosures shall bé_provided with a grounding connection such
jug.

hall be rugged in design, constructed of high-impact materials and securely mounted f
overs shall be provided witha means of grounding.

[lation clearances

parance shall be provided for the installation of terminals mounting hardware. Clearan
ches shall be-previded, where appropriate. Special installation tools shall not be requi

plidentification shall be durable and legibly marked.

nder
Lnits
y be
rical

y sealed enclosures shall be constructed as gas-tight enclosures which have been completely

etal.
that

1s for

bd as
as a

o the

re for
red.

4.8 Terminal covers and barriers

The unit shall be provided with adequate covering or separation of terminal parts to provide protection
against inadvertent shorting, grounding, or contact by personnel. Barriers may be removable or may be
integral with removable covers.

Terminal covers and barriers shall be designed to meet performance requirements applicable to the
unit. The enclosure(s) shall be so designed that when the cover is removed, the smart contactor shall be
capable or operating without adjustment.

The cover design shall be such that pressure differentials cannot exist between the inside and outside.

© ISO 2018 - All rights reserved
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Mounting

No rotation or other loosening of a stud, or any fixed portion of a stud, shall be caused by material flow
or shrinkage, or by any mechanical forces (as specified in Table 4) involved in mounting or demounting,
throughout the life of the smart contactors.

Table 4 — Strength of threaded mounting studs (Static value pull and torque)

. . . Force Torque
Thread size designation -
N Ibf N-m Ibf-in
No4-40 UNC 311 i 11 10
No. 6-32 UNC 111,2 25 2 18
Mo. 8-32 UNC 155,7 35 4,2 37
No. 10-32 UNF 222,4 50 6,8 60
1/4-28 UNF 266,9 60 11,3 100
5/16-24 UNF 3559 80 1871 160
3/8-24 UNF 511,5 115 31,1 275
7/16-20 UNF 622,8 140 53,7 475
5 Design characteristics
5.1 | General
5.1.1 Smart contactors provide both control and protection functions (as well as status feedback
information).
5.1.2 The smart contactor shall incorperate a current-sensing means to measure oufput current
flow|and to detect specified over-currents. The smart contactor should incorporate specified trip-time
characteristics.
5.1.3 Up to a specified fault:current level, the device shall follow a defined trip characteristic. Above
this level, the device shall current-limit or provide a near instantaneous trip.
5.1.4 After the smart contactor has tripped on overcurrent, it shall exhibit a trip-free characteristic
remdining in the OFFstate (and providing trip status information) until reset.
5.1.3 Resethis accomplished by cycling the control input from ON to OFF and then ba¢k to ON, or
employing-a:dedicated RESET (auxiliary) input.
5.1.6—Inthe-eventof repeatedattemptsto-switch-intoafaultthe smart eontactorshallnetbe damaged.

VeIt orTop

In order to prevent damage to associated wiring, as well as the overheating of the smart contactor, a
working pattern for switching into various overload conditions shall be specified.

5.1.7 The smart contactor shall meet the specified stabilization times after power-up, after a
momentary power outage and during a supply voltage drop due to a fault, until the smart contactor

open

s, clearing the fault and allowing supply voltage recovery.

5.1.8 The smart contactor shall incorporate BIT means to determine the important part including
intelligent circuit, power switch and transducer normal or abnormal.

© ISO
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5.2 Control signal

Each smart contactor shall be designed to operate from one of the following types of input signal.

1 voltage 28 V d.c.

by the input control shall not exceed 600 ().

Logic level signal for interfacing to a control bus (TTL or CMOS).

Grounded smart contactor input to switch smart contactor ON; in the ON state the impedance seen

10 mA source at 1 V to 12 V to switch smart contactor ON. This allows compatibility with existing

a) Nomina

b)

c)

d)
circuit i

5.3 Statu

As a minimy
or current-f

5.4 Fail-§

When a fail-
element sha

6 Opera

6.1 Gene

reakers.

s signals for smart contactors

m, one status signal shall be provided. The preferred status signals are switch status
ow status.

afe characteristics

safe feature is incorporated, its characteristics shall be specified. When tested, the fail
|l open the circuit at specified currents and times.

ting characteristics

ral operating characteristics

When testedl as specified in Clause 8, the smart contdctor shall operate with supply voltage varia

in accordan
controlling

All smart cg
mechanical

6.2 Timi}

The timing {

re with ISO 1540 or the detail requiréments, and the smart contactor shall be capal
11 type of loads as required by the detail requirements.

ntactors shall function satisfactorily over the full specified range of applied electrica
steady-state and transient conditions.

1g sequence

equence shall be-as-specified in Figure 1.

and/

-safe

kions
le of

[ and
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A Closing Opening
< > < >
Closed:
Low impedance
Open:
High impedance
A A A A Time
Control Contacts Control ontacts
signal close signal i
ON OFF

6.3 | Operating voltage

6.3.1 General

Figure 1 — Timing sequence diagram

The pperating voltage of Smart Contactor shall guarantee Smart Contactor turn on or turn off reliably

in specified working range.

6.3.1 Pickup voltage

Wheh smart contactors are tested in accordance with 8.4.2, each set of contacts shall m
contact or open, as applicable,in the energized position when a potential voltage not in d
specified pickup voltage is-applied to the contactor coil. All normally open switching circuit
with| positive contact and-all normally closed circuits, if applicable, shall open. Once thg
picked up, the contacts'shall not change state (break and remake) when the coil voltage

hke positive
xcess of the
s shall close
¢ device has
is increased

from|the point of pickup to the maximum coil voltage, excluding normal contact bounce. For qualification

inspection, the pi€kup voltage shall fall within the maximum specified when the contactor
in each of thrééymutually perpendicular planes.

6.3.3 _‘Dropout voltage

is mounted

When smart contactors are tested in accordance with 8.4.3, each set of normally open contacts shall
open, and each set of normally closed contacts shall close as applicable, when the applied coil voltage is
in the specified dropout voltage range. Excluding normal contact bounce, once the device has dropped
out, the contacts shall not change state when the voltage is reduced from the point of dropout to 0 V.
For qualification inspection, the dropout voltage shall be measured with the device in each of three

mutually perpendicular planes.

6.4 Electrical characteristics

6.4.1 General

Smart contactors shall be capable of making, carrying and breaking all values of load current up to the

rated short-circuit fault level.
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Smart contactors shall be self-protecting with respect to fault-currentlevel and incorporate suppression
for operating coil voltage spikes. Semiconductor devices shall be adequately protected from smart
contactors-generated and external transients.

Smart contactors shall, as a minimum requirement, protect their associated connecting cables from

damage.

6.4.2 Con

tact voltage drop

When smart contactors are tested in accordance with 8.5.2, the voltage drop values measured at the

appropriate

terminal with rated resistive current shall not exceed the values given in Table 5.

Table 5 — Contact voltage drop

. Voltage drop, mV
Tlerminals Rated current strength —
Initial After endurance tests
M4din contacts Same rating as contactor 150 175
Auxiliary Contacts 5A (or as rated) 100 180

When a coni
by amount {

6.4.3 Qui

The smart d
for a norma

6.4.4 Conftrol signals

6.4.4.1 G¢

The control
specificatio}

6.4.4.2 C(Cd

When testedl as specified in 8.52.1, the control power supply current shall be as specified in the ¢

requiremen

6.4.4.3 Ty

When testeq

nector is used for connecting the auxiliary circuits, the voltage drlep value shall be incr¢
ermitted for the connector.

pscent power dissipation

ontactor power dissipation in the OFF-state for a pormally open device, or in the ON-
ly closed device, shall be a minimum.

tneral

signals of smart contactor shall\be in accordance with ISO 1540 and with specified ¢
.

ntrol power supply current

[S.

ansient voltage

| as specified in 8.5.4.2, the transient voltage shall be as specified in the detail requirem

ased

state

etail

etail

ents.

6.4.4.4 Stat

Hicturn-offfimaoe
T TUT IO eIt

When tested as specified in 8.5.4.3, the status turn-off time shall be as specified in the detail
requirements.

6.4.4.5 Status turn-on time

When tested as specified in 8.5.4.4, the status turn-on time shall be as specified in the detail
requirements.

6.4.4.6 Turn-off voltage

When tested as specified in 8.5.4.5, the turn-off voltage shall be as specified in the detail requirements.

10
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6.4.4.7 Turn-on voltage

When tested as specified in 8.5.4.6, the turn-on voltage shall be as specified in the detail requirements.

6.4.4.8 Control current

When tested as specified in 8.5.4.7, the control current shall be as specified in the detail requirements.

6.5 Contact bounce, operating and release time

Photographic records of contact operating and release times, and contact bounce at nominal coil voltage
shalllbe taken for qualification test approval.

Whep smart contactors are tested in accordance with 8.6, the contact bounce operating|and release
times shall be within limits specified in the detail specification (see 4.1). The aperating|and release
time shall not include the contact bounce time. The operating time and releasé time of pach pole of
a multiple relay shall be within 1 ms of each other pole of that relay for relayswith contact ratings of
15 Alor less, and within 2 ms for smart contactors with contact ratings greater than 15 A. Synchronized
swit¢hing control parameters for auxiliary contacts relative to main and-€ach other shall pe specified
in the detail specification. Unless make-before-break action is specified in the detail specification.
Double-throw smart contactors shall show no evidence of any normally open contacts closipg before all
nornmally closed contacts open; any normally closed contacts shall not make before all normally open
contjcts break. Contact break bounce on release of normally gpen contacts when specified|in the detail
specification shall be less than 100 ps.

6.6 | Dielectric strength

Unlefs otherwise specified, tests shall be carried out in accordance with ISO 2678:19B5, 4.1. The
insulation of the devices shall be capable of withstanding without damage. The test voltage shall be in
accordance with ISO 2678:1985, 4.1.

All restrictions arising from the semiconductors shall be declared.

Table 6% Minimum values for high voltage tests

Rated voltage Test voltage Duration
28V a.c. 500V,50 Hz to 60 Hz 1 min

115/200 V a.c 1000V,50Hzto 60 Hz 1 min
28 Va.c 600V, 50 Hz to 60 Hz 5sto10s

115/200,% a.c 1500V,50 Hz to 60 Hz 5sto10s

6.7 | Insulation resistance

The tequirements for an adequate insulation resistance shall be detailed in the relevant equipment
specification. They shall be deemed to be met when the minimum values of Table 7 are obtained in
accordance with ISO 2678.
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Table 7 — Minimum values for insulation resistance

Insulation resistance (minimum values) between
live parts, and between live parts and case (earth)
Category Equipment MQ
In conjunction In conjunction with
with climatic testsl) non-climatic tests
Wiring components(terminal blocks,
connectors, selectors, limit switches,
A R 50 100
circuit-breakers, relay contacts or
contactors)
B Equipment incorporating electronics 2 102)
components
1) The climdtic tests referred to are listed in ISO 7137.
2)  When mefasuring the insulation resistances of individual assemblies, the minimum value shall be in¢réased to 50|MQ.
6.8 Overload characteristics
6.8.1 General
Monitoring [of terminal temperature rise where appropriate is redquired only during qualifichtion
testing.

6.8.2 Trip characteristics with the overload condition

When teste
curve specif

6.8.3 Cirg
This test is 4

When smar
welding or

temperatury
ground or n

6.9 Grou

The smart ¢
greater thar

I, the smart contactor shall not reset until comianded, the trip time shall be within th
ied in the detail requirements without any.damage.

uit breaker compatibility
ipplicable only if specified in the(dgtail specification.

t contactors are tested in<aceordance with 8.9.2, there shall be no evidence of co
sticking and the contact voltage drop shall conform to 5.1.8 after the test. The terq
e rise shall not exceed. 75°C. Blowing of the fuse connected between case and load sy
putral shall constitute a failure.

hd Fault Interpupt characteristics

bntactors(When specified), in the case of three-phase a.c. devices, detect a phase imba
a speeified value and trip all load switching devices to OFF.

free characteristics

e trip

ntact
ninal
stem

ance

6.10 Trip-

When tested the smart contactor shall reset, trip-out and stay tripped out for the duration of the test.

6.11 Life

Smart contactors shall be tested in accordance with 8.12, smart contactors having two or more sets of
contacts and which are tested for multiphase (115/200 V a.c. three phase) shall be capable of handling
multiphase power on adjacent contacts. Phase-to-phase arcing shall constitute a failure. Test conditions
shall conform to product requirements. There shall be no mechanical or electrical failure. Welding or
sticking of contacts, failure to make, carry or break the load, or blowing of the fuse connected between
case and load system ground or neutral shall constitute a failure. The terminal temperature rise shall
not exceed 75 °C.
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Endurance tests for smart contactors shall be carried out at ground level and laboratory temperature,
or as specified in product requirements.

7 Environmental conditions and test procedures

These shall be in accordance with ISO 7137 and in accordance with the categories given in Table 8.

Table 8 — Environmental conditions and test procedures

No. Test . Pr?f‘ff,‘iri o Category Comment
slv\rll 1IN XOoOVU 7 X J7
7.1| |Temperature and alti- 1.1 El Unpressurized, uncontrplled tem-
tude perature up to 21,800 m|(70 000 ft)
7.2 |Temperature variation 1.2 B Internal, tempéxature n¢t controlled
7.3| |Humidity 1.3 A Standard Humidity envifonment
7.4| |Shock 2.1 As specified |No malfunction
7.5| |Vibration 2.2 As specified
7.6| | Explosion 4.1 According to |Flammable mixtures cah be ex-
sealing category(|pected to occur as a resylt of fault or
spillage
7.7|] |Waterproofness 1.5 W% Subject to falling water, |.e. conden-
sation
7.8| | Fluids contamination 1.6 F
79| |Sand and dust 1.7 D
7.10 |Fungus resistance 1.8 F Subjected to severe fungus con-
tamination
7.11 |Salt spray 1.9 S
7.1 | Magnetic effect 31 A
7.13 | Power input 3.2 Z
7.14 |Voltage spike 3.3 A Installation where a high degree of
protection against damdge by volt-
age spikes
7.1 | Audio frequency sus- 3.4 Z For all types of electricall system
ceptibility
7.1 |Induced signal.suscep- 3.5 B Installations where mutpal interfer-
tibility ence is held to a tolerablg level
7.17 |Radio frequency 3.6 S The internal EMI enviropment from
susceptibility(radiated aircraft equipment
and-conducted)
7.19 [Emission of radio fre- 3.7 B Installations where mutpal interfer-
gliency energy enceis held to a tolerablk level
7.19 |Lightning-induced tran- 3.8 K Installations in a moderate environ-
sient susceptibility ment

8 Qualification Tests

8.1 General

The object of tests is to ensure that the design is capable of meeting the specifications of this document.
Production units shall be used for the tests according to the specifications of Table 9.

© ISO 2018 - All rights reserved
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Table 9 — Tests

No. Test Requirements | Test procedure
1 Timing Turn-off time 6.2 8.31
2 sequence  |Turn-on time o 8.3.2
3 Operating | Pickup voltage 6.3.2 8.4.2
4 voltage Dropout voltage 6.3.3 8.4.3
5 Contact voltage drop 6.4.2 8.5.2
6 Quiescent power dissipation 6.4.3 8.5.3
7 CUlltl Ul }JUVVCI Dul_ll_l}_y Curll Cllt !rz.4.4.2 ?2.:-2.4.1
8 . Transient voltage 6.4.4.3 8.5.4.2
9 :lectrlt_:all Status turn-off time 6.4.4.4 8154.3
chgracteristics |¢ootrol
10 : Status turn-on time 6.4.4.5 8.5.4.4
signals
11 Turn-off voltage 6.4.4.6 8.5.4.5
12 Turn-on voltage 447 8.5.4.6
13 Control current 6.4.4.8 8.5.4.7
14 |Confact bounce, operating and release times 6.5 8.6
15 |Dielectric withstanding voltage 6.6 8.7
16 |Insulation resistance 6.7 8.8
17 Trip characteristics with the overload condition .8.2 9.1
verloads — —
18 Circuit breaker compatibility 6.8.3 8.9.2
19 |Gropnd Fault Interrupt characteristics 69 8.10
20 |Trig-free characteristics 6.10 8.11
21 |Life 6.11 8.12
22 |Terminal strength 4.4 8.13
23 |Sea 4.5 8.14
Subsequent [production acceptance teststhave the objective of ensuring that the performance starjdard
is maintaingd based on short-durationtests.
Additional quality assurance tests’based on random sampling are designed to verify that perfornjance
is sustained|in the areas requiting longer-term tests.
Detailed spgcifications €er qualification approval testing, production testing and additional quality
assurance shall be based on the detailed performance specification, and this International Standard
can only ideptify the.basic requirements.
Physical attfibutes, such as size, mass or appearance, shall be derived from the detailed performance
specificatiohand are 100 % tests

8.2 Visual and mechanical examination

Smart contactors shall be examined to verify that the materials, external design and construction,
physical dimensions, mass, marking and workmanship are in accordance with the applicable
requirements given in Clause 4.

14
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8.3 Timing sequence

8.3.1 Turn-off time

Smart contactors shall be tested for turn-off time using the following procedure.

a) See Figure 2 for test set-up.

b) Apply the rated output load, voltage and frequency (if applicable).

c) Apply the specified control power supply voltage (if applicable), status voltages (whe
ard-the-contrelveltageto-tornthedeviee BN Adfustthecontrolvoltage tothevalue
lurn the device OFF.

d) Verify on oscilloscope (or equivalent instrument) that the device shuts OFF in the speci

See §.2.

8.3.2 Turn-on time

Smart contactors shall be tested for turn-on time using the followingprocedure.

a) $ee Figure 2 for test set-up.
b) Apply the rated output load, voltage and frequency (if applicable).
c) Apply the specified control power supply voltage (if applicable), status voltages (wh¢
dnd the specified control voltage to turn the devi¢e ON.
d) Verify on oscilloscope (or equivalent instrumient) that the device turns ON in the specif
See §.2.
a3
+Vin To oscilloscope
@ © o or equiv. Instrument
+({ontrol ey
i ° Unit @3
+Status o Under test
-Vin(input ground) @ @ @ 5 O//

n specified)
specified to

fied time.

n specified)

ied time.

+Vout

-Vout

Figure 2 — General test set-up
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8.4 Operating voltage

8.4.1 General

Test smart contactors in accordance with 8.4.2 and 8.4.3. The pickup and dropout voltages shall be as
specified in the detail specification, when checked within the temperature limits for the relay class and
mounted in the most unfavourable attitude. Perform the following additional tests during qualification.

a)

With the smart contactor de-energized for 30 min prior to test, check the contacts do not change

state (break and remake) when the coil voltage is increased from the point of pickup to the
maximum coil voltage.

Ie device energized for 30 min at maximum coil voltage prior to test (for continues

b) With th| duty
coils only), check that the contacts do not change state (break and remake) when the coilvoltage is
reduced from the point of dropoutto 0 V.

8.4.2 Pickup voltage

8.4.2.1 G¢neral

Test smart ¢ontactors to determine that the energized function is completed when a potential not in

excess of thg

8.4.2.2 Pij

Apply the p
operate sati

8.4.2.3 Pi

Subject the
the detail s
continuousl
for resistive

e specified pickup voltage is applied to the coil.

ickup voltage at room temperature

sfactorily.

ickup voltage at high temperature

smart contactor to an operating test-at the maximum ambient temperature specifi
becification. Apply the maximum specified voltage to the coils for 1 h. During this
y energize the continuous duty coils. Cycle the intermittent duty coils at the rate speq

the device

Check that the pickup voltage is within the limits specified in the detail specification.

84.3 Dr

Apply the n

the device 1
indicating d

8.5 Elect

load. Do not lead the contaets during this test. Within 30 s following this period, and
aintained at the test temperature, determine the pickup voltage in accordance With 8

out voltage

jaximum operating voltage to the coil terminals and then reduce the voltage. Check
eleases to\the de-energized position with the specified limits of dropout voltage. U
pvice to-determine that the contacts operate satisfactorily.

rical characteristics

ckup voltage as a step function. Use an indicating device to determine that the confacts

bd in
test,
ified
with
4.2.2

that
be an

8.5.1 General

Unless otherwise specified, devices shall be tested in accordance with ISO 7137:1995, Table 1, test
procedure 4.1.

Unless otherwise specified, all tests shall be made within the following ambient condition.

a) Relative Humidity: Not greater than 85 %.

b) Ambient Pressure: 84 kPa to 107 kPa, which correspond to the altitude between +1 525 m and

-460 m

NOTE

16

(+5 000 ft and —1 500 ft).

The condition is in coordination with DO-160 published by RTCA, incorporated.
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These conditions are intended to apply as alaboratory tests environment for the purpose of performance
assurance for the smart contactor. Appropriate environmental conditions and test procedures should
be selected from ISO 7137 for the purpose of quality assurance for the smart contactor s installed in the
airborne equipment.

8.5.2

Contact voltage drop

Smart contactors shall be tested for contact voltage drop using the following procedure.

a) See Figure 2 for test set-up.

b) 1 dl PR I | 1 AN 1L Lol 1. 1ol o)
APPly LHHT 1TdlCU 104U, VUILAgT dlIU TTTYUCTIL y (11 dPpP1HICdUICT].

c) Appply the specified control power supply voltage (if applicable), status voltagesc(when specified)

d) Verify with voltmeter V4 that the voltage drop is within the specified limits

For gn a.c. smart contactors, a true RMS voltmeter shall be used.

8.5.3

Smaft contactors shall be tested for power dissipation using the<féllowing procedure.

a) ON state

1) See Figure 2 for test set-up.

2) Apply the rated load, voltage and frequency, if applicable.

3) Apply the maximum specified contrel power supply voltage (if applicable), sta
(when specified) and the specifiedthaximum control voltage to turn the device ON.

4) Read the instruments and calciilate the power dissipation by adding the products o
voltage x control current, centact voltage drop x output current, for each outpt
addition to any power dissipated by internal power supplies (and the status volt
current for each status)s

%) Take measurements.dfter the device has reached thermal equilibrium.

b) OFF state

dnd the specified control voltage to turn the device ON.

Quiescent power dissipation

See Figure-2for test set-up.
Apply.the rated load, voltage and frequency, if applicable.

Apply the specified control power supply voltage (if applicable), status volf

fus voltages

f the control
It switch, in
hge x status

ages (when

specified) and the specified maximum turn-off control signal.

4)

8.5.4

Read the instruments and calculate the power dissipation by adding the products o

fthe control

voltage x control current, contact voltage drop x output current, for each output switch, in
addition to any power dissipated by internal power supplies (and the status voltage x status

current for each status).

Control signals

8.5.4.1 Control power supply current

Smart contactors shall be tested for control power supply current (when specified) using the following
procedure.

a) See Figure 2 for test set-up.

© ISO 2018 - All rights reserved
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b) Apply the specified control power supply voltage (if applicable), status voltages (when specified).

c) Apply the specified control voltage.

d) Verify with ammeter Al that the input current is within specification.

8.5.4.2 Transient voltage

Smart contactors shall be tested for transient voltage of auxiliary power in accordance with test
procedure ISO 7137:1995, Table 1, test procedure 3.2. The category of the device and all relevant
restrictions shall be declared.

8.5.4.3 Stptus turn-off time

Smart contalctors shall be tested for status turn-off time (when specified) using the following proce

Apply the specified voltage (if applicable) to the status terminal.

See Fig;[re 2 for test set-up.
Apply t

erated load, voltage and frequency (if applicable). Apply the specified control power sypply

Apply the specified voltage (if'applicable) to the status terminal.

a) SeeFi

b) Applyt
voltage

c)

d) With tH
trigger

e) Verify {
specific

8.5.4.4 St

Smart contaj

a)

b)
voltage

c)

d) With tH
trigger

e) Verify {
specific

8.5.4.5 Tuyrmoff voltage

re 2 for test set-up.

(if applicable), and the specified control voltage.

e oscilloscope (or other equivalent measuring instrument) triggering on the spec
bignal, apply the necessary conditions to activate the status output.

hat the time required for the status signal to neach 10 % of the final value is w
ption. Measure the status signal at voltmeter V3«

atus turn-on time

ctors shall be tested for status turn-on time (when specified) using the following proce

(if applicable), and the spécified control voltage.

e oscilloscope (o5 other equivalent measuring instrument) triggering on the spec
bignal, apply the necessary conditions to de-activate the status output.

hat the timie required for the status signal to reach 10 % of the final value is w
ption. Measure the status signal at voltmeter V3.

dure.

erated load, voltage and frequency (if applicable). Apply the specified control power supply

ified

ithin

dure.

ified

ithin

Smart contactors shall be tested for turn-off voltage using the following procedure.

a) See Figure 2 for test set-up.

b)
‘)

d)

18

Apply the rated resistive load, voltage and frequency (if applicable).

Apply the specified control power supply voltage (if applicable), status voltages (when specified)
and the specified control voltage to turn the device ON. Adjust the control voltage to the value

specifie

d to turn the device OFF.

Verify that the device is OFF with the aid of ammeter A3, or oscilloscope (or equivalent instrument),
or voltmeter V5 across the output.
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8.5.4.6 Turn-on voltage

Smart contactors shall be tested for turn-on voltage using the following procedure.

a) See Figure 2 for test set-up.

b) Apply the rated output load, voltage and frequency (if applicable).

c) Apply the specified control power supply voltage (if applicable), status voltages (when specified)
and the specified control voltage to turn the device ON.

d) Verify that the device is ON.

8.5.4
Smal
a)
b) 1

c) A

d)

8.6

8.6.1

See Ii

.7 Control current

t contactors shall be tested for control current using the following proceduré.
ee Figure 2 for test set-up.

A\pply the rated load, voltage and frequency (if applicable).

Apply the specified control power supply voltage (if applicable};status voltages (whe
ind the specified control voltage.

Verify with ammeter A2 that the control current is withifispecification.
Contact bounce, operating and release times

General

igure 3 for suggested circuit.

n specified)
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