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Foreword 

IS0 (the International Organization for Standardization) is a worldwide 
federation of national standards bodies (IS0 member bodies). The work 
of preparing International Standards is normally carried out through IS0 
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. IS0 
collaborates closely with the International Electrotechnical Commission 
(IEC) on all matters of electrotechnical standardization. 

Draft International Standards adopted by the technical committees are 
circulated to the member bodies for voting. Publication as an International 
Standard requires approval by at least 75 % of the member bodies casting 
a vote. 

International Standard IS0 5867-l was prepared by Technical Committee 
ISO/TC 20, Aircraft and space vehicles, Subcommittee SC 1, Aerospace 
electrical requirements. 

IS0 5867 consists of the following parts, under the general title 
Aircraft - Electromagnetic relays and con tactors: 

- Part I: General requirements 

Annexes A and B of this part of IS0 5867 are for information only. 

iv 
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INTERNATIONAL STANDARD 0 ISo IS0 5867-1:1996(E) 

Aircraft - Electromagnetic relays and contactors - 

Part 1: 
General requirements 

1 Scope 

This part of IS0 5867 specifies the performance re- 
quirements for electromagnetic relays and contactors 
for use in nominal 28 V d.c. or 115 V/200 V 3-phase, 
400 Hz, ac. systems having the characteristics 
specified in IS0 1540. 

This part of IS0 5867 specifies the performance re- 
quirements for relays and contactors having nominal 
contact ratings of 5 A a.c., 5 A dc. or greater. Auxili- 
ary contacts, where applicable, may be rated at lower 
currents. Three temperature classes and three 
classes of sealing are specified. 

This part of IS0 5867 is applicable to single-pole and 
multi-pole relays and contactors, electromagnetically 
operated and magnetically held, or electromag- 
netically operated and mechanically or magnetically 
latched, controlled by a voltage of 28 V d.c. or 115 V, 
400 Hz, a.c. 

IS0 1540:1984, Aerospace - Characteristics of air- 
craft electrical systems. 

IS0 7137: 1995, Aircraft - Environmental conditions 
and test procedures for airborne equipment. 

I EC 50 (446): 1990, International ElectrotechnicaI Vo- 
cabulary - Chapter 446: Electrical relays. 

I EC 68-2-l 7: 1994, Basic environmental testing pro- 
cedures - Part 2: Tests - Test 0: Sealing. 

I EC 158-2: 1982, Low-voltage controlgear - Part 2: 
Semiconductor contacters (solid state contactors). 

3 Definitions 

For the purposes of this part of IS0 5867, the defi- 
nitions given in IEC 50 (446) and IEC 158-2 apply. 

4 General requirements 

2 Normative references 

The following standards contain provisions which, 
through reference in this text, constitute provisions 
of this part of IS0 5867. At the time of publication, the 
editions indicated were valid. All standards are subject 
to revision, and parties to agreements based on this 
part of IS0 5867 are encouraged to investigate the 
possibility of applying the most recent editions of the 
standards indicated below. Members of IEC and IS0 
maintain registers of currently valid International 
Standards. 

4.1 Detail specification sheets 

The individual item requirements shall be as specified 
in this part of IS0 5867 and in accordance with the 
detail specification sheets related to this part of 
IS0 5867. In the event of any conflict between re- 
quirements of this part of IS0 5867 and the detail 
specification sheets, the latter shall govern. 

The manufacturer shall prepare an individual specifi- 
cation sheet for each type of device produced. The 

1 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 58

67
-1:

19
96

https://standardsiso.com/api/?name=a1f3f88bcd6bb7782bbe62fa7a3d38ff


IS0 5867~1:1996( E) 0 IS0 

individual specification sheet shall define the values 
for parameters given in annex A. 

4.2 Temperature class 

The temperature classes which define the maximum 
and minimum temperatures for use shall be as fol- 
lows: 

Class A: - 65 “C to + 125 “C 
Class B: - 55 “C to + 85 “C 
Class C: - 55 “C to + 70 “C 

4.3 Sealing 

Enclosure design shall be classified as follows: 

Class 1: Hermetically sealed 
Class 2: Environmentally sealed 
Class 3: Ventilated enclosed 

4.4 Altitudes 

Class 1 and 2 sealed relays and contactors shall be 
suitable for use up to an altitude of 25 000 m. 

Class 3 contactors shall be suitable for use up to an 
altitude of 15 000 m. 

4.5 Dimensions 

Relay and contactor dimensions shall be as defined in 
the detail specification sheet (see 4.1). 

4.6 Design requirements 

The relays and contactors shall operate satisfactorily 
when mounted in any attitude. The size and mass 
shall be the minimum compatible with the required 
performance, reliability and strength. 

The relays and contactors shall be of the single-pole 
or multi-pole (main contacts) type, with or without 
auxiliary contacts. 

The auxiliary contacts shall be mechanically linked to 
the main contacts and shall indicate the position of 
the main contacts. 

Suitable barriers shall be placed between the ter- 
minals of the contactors in order to prevent an acci- 
dental short-circuit. These barriers shall be sufficient 
to prevent the short-circuiting of all the terminals 
through the presence of a flat conducting part. 

The coil of the relay or contactor shall operate from 
either, but not both, a 28 V d.c. or 115 V a.c., 400 Hz 

system having the characteristics specified in 
IS0 1540. 

The contacts of relays or contactors shall be capable 
of switching 28 V dc. and/or 115 V/200 V a.c., 
400 Hz having a system characteristic specified in 
IS0 1540. 

47 . Sealing enclosures 

Sealing enclosures shall be of sufficient mechanical 
strength to withstand the normal abuse incurred in 
handling, transit, storage and installation without 
causing malfunction or distortion of parts. The case 
shall not be a part of the contact or coil electrical cir- 
cuits. 

NOTE 1 The case may be a part of the magnetic circuit. 

4.7.1 Hermetically sealed enclosures 

Hermetically sealed enclosures shall be constructed 
as a gastight enclosure that has been completely 
sealed by fusion of glass or ceramic to metal, or 
bonding of metal to metal. Hermetically sealed relays 
and contactors shall be purged of all air. Relays shall 
be filled with a suitable inert gas. The fill gas shall 
have a dew point of at least 5 “C below the lowest 
temperature rating of the device. 

NOTE 2 Contactors may be filled with air or with inert 
gas. 

4.7.2 Environmentally sealed enclosures 

Environmentally sealed enclosures shall be con- 
structed by any means other than that defined in 4.7.1 
to achieve the degree of seal specified in the detail 
specification (see 4.1). Environmentally sealed relays 
and contactors shall be purged of all air. Relays shall 
be filled with a suitable inert gas. The fill gas shall 
have a dew point of at least 5 “C below the lowest 
temperature rating of the device. 

NOTE 3 Contactors may be filled with air or with inert 
gas. 

4.7.3 Ventilated enclosures 

Ventilated contactors shall be totally enclosed for 
mechanical and dust protection and shall be 
explosion-proof. The enclosure shall be so designed 
that when the cover is removed, the contactor shall 
be capable of operating without adjustment. The en- 
closure design shall be such that pressure differentiais 
cannot exist between the inside and outside to ag- 
gravate the moisture accumulation problem. The 
cover shall be rugged in design, constructed of high 
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m  . .  Iable 1 - d. .  1 strengtn ot tnreadea terminals (static 
value of pull and torque) 

impact materials, and securely mounted to the 
contactor. 

4.8 Installation clearances 

Adequate clearance shall be provided for installation 
of terminals and mounting hardware. Clearance for 
standard socket wrenches shall be provided. Special 
installation tools shall be avoided where possible. 

4.9 Grounding 

The mounting sha 
contact to ground 
mounted. 

II provide an effective electrical 
when the relay or contactor is 

4.10 Terminals 

Metal covers shall be provided with a means for 
grounding. Relays and contactors shall have electrical 
terminals as specified in the detail specification (see 
4 1) . . 

No rotation or other loosening of a terminal shall occur 
throughout the relay or contactor life. 

4.10.1 Terminal type 

Power terminals of greater than 25 A rating shall be 
of the threaded stud type. Terminals rated at 25 A or 
less may be plug-in, solder hook, stud or screw ter- 
minals. 

4.10.1 .I Threaded terminals and mounting studs 

Stud terminals shall accept connections using 
crimped type lugs made of copper or aluminium, or 
copper bars. A flat washer having a diameter at least 
equal to that of the base of the terminal, and a self- 
locking nut or standard nut with suitable locking 
washer shall be used on each terminal. 

No rotation or other loosening of a terminal, or any 
fixed portion of a terminal, shall be caused by any 
mechanical forces specified in table 1 involved in the 
connection or disconnection, throughout the life of 
the relay or contactor. 

These are maximum values which shall not be ex- 
ceeded. 

NOTE 4 For installation torque values, see the detail 
specification (4.1). 

Thread size 

No. 4-40 UNC 
No. 6-32 UNC 
No. 8-32 UNC 
No. IO-32 UNC 

No. IO-24 
UNC 

l/4-28 UNC 
S/16-24 UNF 
3/8-24 UNF 
7/16-20 UNF 
I/2-20 UNF 

Force Torque 
N Ibf N-m in.lbf 

22,2 5 0,497 4,4 
133 30 I,13 IO 
156 35 2,26 20 

180 40 3,615 32 

180 40 3,954 35 

222 50 8,474 75 
311 70 11,298 100 
445 100 16,948 150 
445 100 16,948 150 
445 100 16,948 150 

Each terminal shall have a terminal seat that shall 
provide the normal current-conducting path. The di- 
ameter of the seat shall not be less than the area 
necessary to ensure that the current density does not 
exceed I,55 x IO6 A/m* (1 000 A/in*). 

NOTE 5 The seat does not include the cross-sectional 
area of the stud. 

Stud terminals shall be capable of accommodating 
two lugs with hardware as specified. A minimum of 
one and a half threads shall remain above the nut with 
all parts tightened in place. 

4.10.1.2 Solder hook or straight terminals 

Solder terminals shall be tin plated. The terminal de- 
sign shall allow for at least two wires of relay rating 
to be connected (see 4.1). 

4.10.1.3 Plug-in terminals 

Plug-in terminals shall conform to the arrangement 
and dimensions necessary for proper mating with the 
associated socket or connector. 

For plug-in relays, the mounting arrangement of the 
relay and its corresponding socket shall be designed 
such that the entire weight of the relay shall be sus- 
pended and the stability of its mounting shall be pro- 
vided by an auxiliary mounting means other than the 
electrical terminals of the socket. Relays with plug-in 
terminals shall have the electrical and environmental 
tests performed with the specified socket assembled 
to the unit. Plug-in terminals shall be gold plated. 
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4.10.1.4 Screw terminals NOTE 6 The seat area does not include the cross- 
sectional area of the stud. 

Screw terminals shall be supplied with hardware as 
specified in the detail specification (see 4.1). The di- 
ameter of the seat shall be equal to, or greater than, 
the diameter across the corresponding lug designed 
for the particular current. It shall not be less than the 
area necessary to ensure that the current density 
does not exceed I,55 x 1 O6 A/m* (1 000 A/in*). 

4.10.2 Terminal marking 

Terminal identification shall be durably and legibly 
marked as specified in tables 2 to 4. For dual coil re- 
lays, the relationship between coil and contacts shall 
be as specified in table 5. The positive end of the coil 
(XI) shall be designated on the header by use of a 
contrast bead. 

Table 2 - Contact arrangements, symbols and terminal marking 

Single 
break 

Single throw Double throw 

Form “A“ Form “ B “ Form “C“ Form “ K” 

normally open normally closed (two position) three position centre off 

Al W\ A2 A3 O-A A2 ;; > A2 A1 -4 A2 
A3 e 

Bl Wb B2 83 o-+ 82 B3 - B2 B1 -4 B2 
Bl W  B3 W  

Cl wk c2 c3 o-y c2 :; > c2 c1 -4 c2 
c3 w 

Double 
break 

Form “X“ Form “Y“ 

Al W  W  A2 A3 o--r-o A4 
Bl W W  B2 83 o--o B4 
Cl w w c2 c3 o-~-o c4 

Forrn “Z“ 

A3 o--r--o A4 
Al WU A2 
83 o-w-o B4 
Bl W1L-o 82 
c3 O-70 c4 
Cl w w t2 

Form “ KK” 

Al o--r--o A2 
A3 W W  A4 
Bl o-70 B2 
83 WV 64 
Cl 07 v-0 c2 
c3 w Q c4 

NOTE - Contacts are shown with coil(s) de-energized. 

Table 3 - Auxiliary terminals 

Single throw Double throw 

Normally open Normally closed Change over 

11 w\ 12 13 0-y 12 ;; - 12 

21 wb 22 23 o-- 22 '2: = 22 

31 W\ 32 33 o-+ 32 33 - 32 
31 w 

13 0-r 14 

13 07-O 14 11 w w 12 
11 w w 12 

23 o-10 24 23 o-v-o 24 
21 ww 22 21 w - 22 
31 W W  32 33 o--r_I--o 34 

33 o--r-o 34 
31 W  - 32 

4 
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Table 4 - Symbols and marking for terminals 

Dual coil terminals 

Table 5 - Dual coil markings 

A3-A2 (or A3-A4) 

4.10.3 Terminal covers and barriers 

Relays and contactors with stud or screw terminals 
shall be provided with adequate covering, or separ- 
ation‘ of terminal parts to provide protection against 
inadvertent shorting, grounding, or contact by per- 
sonnel. 

Terminal covers and barriers shall be designed to 
meet performance requirements applicable to the re- 
lay or contactor. The enclosure(s) shall be so designed 
that when the cover is removed, the relay or contactor 
shall be capable of operating without adjustment. The 
cover design shall be such that pressure differentials 
cannot exist between the inside and outside. 

NOTE 7 Barriers may be removable, or may be integral 
with removable covers. 

4.11 Contact symbols 

Contact arrangements, symbols and terminals mark- 
ing shall be in accordance with tables 2 to 4. 

4.12 Materials 

The materials shall conform to requirements specified 
in 4.12.1 and 4.12.2 as applicable. When a definite 
material is not specified, the selection of material shall 
be at the discretion of the manufacturer. Materials 
selected shall be such that the relays or contactors 
meet the performance requirements and product 
characteristics specified in this part of IS0 5867. 

4.12.1 Metals 

Metals shall be of corrosion-resistant type and shall 
be plated or treated to resist corrosion. Zinc plating, 
cadmium plating or unfused pure tin plating shall not 
be used on internal parts of hermetically sealed relays 
and contactors. 

Unless otherwise specified in the detail specification 
(see 43, the use of dissimilar metals shall conform 
to table 6. 

4.12.2 Non-metals 

Non-metals, including protective finishes, shall: 

a) be moisture-resistant; 

b) be non-toxic; 

c) be arc-resistant; 

d) be flame-resistant; 

e) be self-extinguishing; 

f) not support fungus growth. 

They shall not be adversely affected by loss of char- 
acteristics of composition in aircraft fluids at the tem- 
peratures specified in 4.2. 

Materials in hermetically sealed envelopes are not re- 
quired to meet the moisture- and fungus-resistance 
requirements. 
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Table 6 - Dissimilar metals 

Anodic 
index 
0,Ol v 

EMF 

v 
Compatible couplesl) Metallurgical category Group No. 

+ 0,15 0 1 Gold, solid and plated; gold- 
platinum alloys; wrought platinum 
(most cathodic) ? 

+ 0,05 10 2 Rhodium plated on silver-plated 
copper 

3 Silver, solid or plated; high silver al- 
loys 

0 15 

30 4 Nickel, solid or plated; Monel’ metal, 
high nickel-copper alloys 

- 0,15 

Copper, solid or plated; low brasses 
or bronzes; silver sider; German sil- 
ver; high copper-nickel alloys; 
nickel-chromium alloys; austenitic 
corrosion-resistant steels 

5 

- 0.25 6 Commercial yellow brasses and 
bronzes 

High brasses and bronzes; naval 
brass; Muntz metal 

18 % chromium type corrosion- 
resistant steels 

- 0,45 60 9 Chromium, plated; tin, plated; 
12 % chromium type corrosion- 
resistant steels 

- 0,50 65 10 Tin-plate; 
solder 

terne-plate; tin-lead 

- 0,55 70 11 Lead, solid or plated; high lead al- 
loys 

12 Aluminium, wrought alloys of the 
Duralumin type 

- 0,60 75 

13 Iron, wrought, gray, or malleable; 
plain carbon and low alloy steels, 
armco iron 

- 0,70 85 

- 0,75 90 14 Aluminium, wrought alloys other 
than duralumin type; alumitiium, 
cast alloys of the silicon type 

Aluminium, cast alloys other than 
silicon type; cadmium, plated and 
chromated 

Hotdip-zinc plate; galvanized 
steel 

Zinc, wrought; zinc-base die-casting 
alloys; zinc, plated 

Magnesium and magnesium-base 
alloys, cast or wrought (most 
anodic) 

- 0,80 95 

- 1,05 120 

- 1,lO 125 

- 1,60 175 

15 

16 

17 

18 

i 

1 1) Compatible couples: potential difference of 0,25 V max. between groups. I 

6 
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4.12.2.1 Plastic material 

Plastic material shall conform to 4.12.2. In addition, 
when subjected to any of the tests in this part of 
IS0 5867, the plastic material shall not: 

a) 

b) 

c) 

d) 

support combustion; 

give off noxious gases in harmful quantities; 

give off any gases in quantities sufficient to cause 
explosion of a sealed housing; 

give off any gases in a sealed housing that will: 

1) cause contamination of the contacts or other 
parts of the component, 

2) form current-carrying tracks when subjected 
to arcing conditions. 

4.12.2.2 Ceramic 

Ceramic insulating material shall conform to the detail 
specification (see 4.1 and 4.12.2). External ceramic 
surfaces shall be glazed. 

4.12.2.3 Magnet wire 

Magnet wire shall conform to the detail specification 
(see 4.1 and 4.12.2). 

4.12.2.4 Rubber 

Rubber shall conform to the detail specification (see 
4.1 and 4.12.2). 

4.12.2.5 Semiconductors 

Semiconductors shall conform to the detail specifi- 
cation (see 4.1). 

4.13 Qualification 

Relays and contactors supplied in accordance with 
this part of IS0 5867 shall be products that have been 
tested and which have satisfied the qualification in- 
spection specified in 7.2. The qualification inspection 
shall be performed on units produced from parts 
made by production tools. 

NOTE 8 Relays and contactors supplied in accordance 
with this part of IS0 5867 may be qualified by similarity to 
other relays or contactors in their generic family. The quali- 
fying activity may require additional testing. 

5 Performance detail requirements 

5.1 Examination of product 

When relays or contactors are examined and tested 
in accordance with 6.1, they shall conform to require- 
ments for materials, design, construction, physical di- 
mension, weight, item marking and workmanship as 
specified in this part of IS0 5867 and in the detail 
specification (see 4.1). 

5.1 .I Dimensions 

Dimensions shall be in accordance with 4.5. 

5.1.2 Header glass of hermetically sealed 
enclosures 

Header glass or ceramic of relays and contactors shall 
be visually inspected for workmanship and finish us- 
ing microscopic examination with x 10 magnification. 
All relays shall meet the applicable seal requirements, 
regardless of the acceptability of the header glass. 

NOTE 9 In case of dispute, the relay may be subjected 
to the applicable seal requirement or any test deemed ap- 
propriate in order to determine its integrity (see 6.12). 

Header glass may have small irregularities, such as 
bubbles, chips, cracks, etc. The acceptability of these 
defects is based on the following (see figure 1): 

a) broken or open blisters having sharp edges are 
not acceptable; 

b) blisters whose diameters exceed one-third of the 
radial distance between the terminal and the cor- 
responding header metal (for a cluster of blisters 
the combined diameters apply) are not accept- 
able; 

c) foreign material in or on the surface of the glass 
is not acceptable; 

d) dark spots (pigment concentrations) whose diam- 
eters exceed one-third of the radial distance be- 
tween terminal and the corresponding header 
metal are not acceptable; 

e) circumferential cracks which extend more than 
90” are not acceptable; 

f) radial cracks whose lengths exceed one-third of 
the distance between the terminal and corre- 
sponding header metal are not acceptable; 

g) tangential cracks that are not confined to a single 
zone are not acceptable; 
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Not acceptable 

Reference b) 

Referencee) 

Reference f) 

Referenceg) 

Acceptable 

Referenceh) 

NOTE - Dashed lines indicate radial distance between terminal and header metal, dividing the glass into three equal parts 
(zones). 

Figure 1 - Inspection aid 
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h) surface chips whose lengths or widths exceed 
one-third the distance between the terminal and 
corresponding header metal are not acceptable; 

9 chipped menisci are acceptable to the extent that 
they do not extend below the surface of the glass, 
and conform to h); 

j) menisci that extend up the terminal greater than 
0,51 mm (0,020 in) or one-third of the terminal 
diameter whichever is greater, are not acceptable; 

k) peripheral cracks at the boundary of the glass and 
surrounding header metal are not acceptable; 

I) any terminals which appear to be separated from 
the glass are not acceptable. 

5.1.4 Hold voltage 

When relays or contactors are tested in accordance 
with 6.1.4, there shall be no change in contact state 
(neither an opening of contacts that are closed, nor 
closure of contacts that are opened) until the coil 
voltage is less than the hold voltage specified in the 
detail specification (see 4.1). 

5.1.5 Coil resistance 

When relays or contactors are tested in accordance 
with 6.1.5, the dc. coil resistance (or the maximum 
coil current) shall be as specified in the detail specifi- 
cation (see 4.1). If protective circuitry is involved d.c. 
coil resistance shall be substituted by coil current (see 
5.1.6). 

5.1.6 Maximum coil current 

5.1.3 Operating voltage 

5.1.3.1 Pickup voltage 

When relays or contactors are tested in accordance 
with 6.1.6, the maximum coil current shall not exceed 
the value specified in the detail specification (see 
4 1) . . 

When relays or contactors are tested in accordance 
with 6.1.3.1, each set of contacts shall make positive 
contact or open, as applicable, in the energized pos- 
ition when a potential voltage not in excess of the 
specified pickup voltage is applied to the relay or 
contactor coil. All normally open switching circuits 
shall close with positive contact and all normally 
closed circuits, if applicable, shall open. Once the de- 
vice has picked up, the contacts shall not change 
state (break and remake) when the coil voltage is in- 
creased from the point of pickup to the maximum coil 
voltage, excluding normal contact bounce. For quali- 
fication inspection, the pickup voltage shall fall within 
the maximum specified when the relay or contactor 
is mounted in each of three mutually perpendicular 
planes. 

5.1.7 Contact circuit voltage drop and contact 
resistance 

When relays or contactors are tested in accordance 
with 6.1.7, the voltage drop values measured at the 
appropriate terminal with rated resistive current shall 
not exceed the values given in table7. 

For relays or contactors with auxiliary contacts rated 
2 A or less, the contact resistance value shall be not 
greater than 0,05 Q prior to the load endurance (life) 
cycling test and 0,15 a after the load endurance (life) 
cycling test. 

5.1.8 Contact bounce, operating and release time 

Release time is not applicable to latching relays. 

5.1.3.2 Dropout voltage 

This subclause is not applicable to latching relays. 

When relays or contactors are tested in accordance 
with 6.1.3.2, 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 relay 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 mutu- 
ally perpendicular planes. 

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

When relays or contactors are tested in accordance 
with 6.1.8, the contact bounce, operating and release 
times shall be within limits specified in the detail 
specification (see 4.1). The operating and release 
times shall not include the contact bounce time. The 
operating time and release time of each pole of a 
multipole relay shall be within 1 ms of each other pole 
of that relay for relays with contact ratings of 15 A or 
less, and within 2 ms for relays and contactors with 
contact ratings greater than 15 A. Synchronized 
switching control parameters for auxiliary contacts 
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relative to main and each other shall be specified in 
the detail specification (see 4.1). Unless make- 
before-break action is specified in the detail specifi- 
cation (see 4.1), double-throw relays or contactors 
shall show no evidence of any normally open contacts 
closing before all normally closed contacts open; any 
normally closed contacts shall not make before all 
normally open contacts break. Contact break bounce 
on release of normally open contacts when specified 
in the detail specification (see 4.1) shall be less than 
100 p.s. 

5.1.9 Dielectric strength and leakage current 

When relays or contactors are tested in accordance 
with 6.1.9, the insulation of the relays and contactors 
shall be capable of withstanding, without damage, the 
values specified in table8, or in the relevant detail 
specificat.ion (see 4.1). 

All a.c. voltages stated are r.m.s. voltages. The testing 
shall be carried out under standard sea level con- 
ditions. 

Leakage current shall not exceed 1 mA and the rate 
of applied test voltage shall not exceed 250 V/s. 

The 1 min test is mandatory for qualification test only. 
The 5 s to IO s test may be used for production ac- 
ceptance testing. 

5.1 .I0 Insulation resistance 

When relays or contactors are tested in accordance 
with 6.1 .lO, the insulation resistance shall be 
measured at a potential of (500 + 25) V d.c. between 
all mutually insulated terminals and between ter- 
minals and case. The required value shall be reached 
within 2 min after applying the test potential. 

Insulation resistance shall be a minimum value of 
100 Ma except after climatic tests when it shall be a 
minimum value of 50 MQ. 

5.1.11 Low level run-in 

Relays and auxiliary contacts shall be tested in ac- 
cordance with 6.1 .I 1 or 6.2.15.6 as appropriate. One 
operation exceeding 100 Q dynamic contact circuit 
resistance shall constitute failure. 

5.1 .I2 Sealing test 

5.1.12.1 Class 1 relays and contactors 

When class 1 relays and contactors are tested in ac- 
cordance with 6.1.12, the leakage rate shall not ex- 
ceed 6,2 x 10m3 Pa=cm3/s per cubic centimetre 
(1 x 1 O- 6 atm=cm3/s per cubic inch) of net sealed 
volume, except for relays of 32,8 cm3 (2 in3) net 
sealed volume or less, in which case the leakage rate 
shall not exceed 6,2 x IO- 5 Pacm3/s per cubic centi- 
metre (I x 1 O- * atmcm3/s per cubic inch) of net 
sealed volume. 

Table 7 - Contact circuit voltage drop 
Readings in volts 

Class 

Before load cycling After load cycling 

Average Maximum individual reading Average 
reading reading Maximum individual reading 

I 

1 

0,125 0,150 I 

0,150 0,150 0,175 

2 and 3 0,175 I 0,175 I 0,200 I 

Table 8 - Minimum values for high voltage tests 

28 V d.c. 

115/200 V a.c. 

28 V a.c. 

115/200 V a.c. 

5OOV, 50 Hzto60 Hz 1 min 

1 25OV,50 Hzto60 Hz 1 min 

6OOV, 50 Hzto60 Hz 5sto10s 

1 5OOV,50 Hzto60 Hz 5sto10s 
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5.1.12.2 Class 2 relays and contactors 

When class 2 relays and contactors are tested in ac- 
cordance with 6.1.12, the leakage rate shall be as 
specified in the detail specification (see 4.1). 

5.1.13 Marking 

In addition to the reference marking of the terminals 
(see 4.10.2) each relay or contactor shall be clearly 
and indelibly marked with the followina information: ” 

5867; 

ication; 

a) a reference to this part of IS0 

b) manufacturer’s name or identi 

c) manufacturer’s type number; 

d) the nominal operating coil volt w; 

e) the rated voltage and resistive current; 

f) circuit diagram (de-energized); 

g) date code (year/week). 

5.2 Environmental electrical and mechanical 
requirements 

5.2.1 High temperature operation 

When relays or contactors are tested in accordance 
with 6.2.1, the requirements for pickup voltage and 
dropout voltage shall conform to the detail specifi- 
cations (see 4.1). 

5.2.2 Low temperature operation 

When relays or contactors are tested in accordance 
with 6.2.2, there shall be no damage such as loosen- 
ing of terminals, cracking or flaking of glass insulation 
(other than crazing or chipping of the glass meniscus) 
or of the hermetic seal. Following the test and at the 
specified low temperature, the pickup voltage, drop- 
out voltage, and contact voltage drop shall conform to 
the detail specification (see 4.1). Devices which con- 
tain permanent magnets in the magnetic circuit shall, 
in addition to the above test, be subjected to the 
demagnetizing effect of a sudden application of 
maximum coil voltage for one operation at the begin- 
ning of the second 24 h period when the high tem- 
perature pickup voltage shall conform to detail 
specification (see 4.1). 

5.2.3 Electromagnetic interference 

5.2.3.1 Exported spikes 

If applicable, when tested in accordance with 
6.1 .I 4.1, the relays and contactors shall not generate 
exported spikes (back EMF) in excess of the figures 
specified in the detailed specification (see 4.1). 

5.2.3.2 Imported spikes 

When tested in accordance with 6.1 .I 4.2, the relays 
and contactors shall accept imported spikes of 
+ 600 V peak over sine wave width of 5 j.~ without - 
any damage to the relay or contactor coil or coil sup- 
pression device. 

Following this test, the relays or contactors shall con- 
form to 5.1.3.1, 5.1.3.2, 5.1.5 and 5.2.3.1. 

5.2.3.3 Compass-safe distance 

When relays or contactors are tested in accordance 
with 6.2.3, they shall satisfy the compass-safe dis- 
tance as specified in the detail specification (see 
4.1). There shall be not more than I” deflection of the 
compass when either the relay or contactor is tested 
in both energized and de-energized condition. 

5.2.4 Strength of terminals 

When relay or contactor terminals are tested in ac- 
cordance with 6.2.4, they shall conform to 4.10 and 
table 1. 

5.2.5 Thermal shock 

When relays or contactors are tested in accordance 
with 6.2.5, there shall be no damage to the relay, 
loosening of terminals, or cracking or flaking of the 
glass insulation (other than cracking or chipping of the 
glass meniscus). 

5.2.6 Sand and dust 

This subclause is only applicable to class 3 relays or 
contactors. 

When relays or contactors are tested in accordance 
with 6.2.6, there shall be no evidence of damage 
sufficient to impair the operation of the device. 

5.2.7 Continuous current 

When relays or contactors are tested in accordance 
with 6.2.7, there shall be no damage such as loosen- 
ing of terminals or loss of seal, or any deterioration 
of performance beyond the limits specified in the de- 
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tail specification (see 4.1). The terminal temperature 
rise shall not exceed 75 “C. 

5.2.8 Shock 

When relays or contactors are tested in accordance 
with 6.2.8, there shall be no closing of open contacts 
in excess of 1 ps, nor opening of closed contacts for 
a total time in excess of 10 ps. Following the shock 
test there shall be no structural failure, loss of seal or 
other damage that might impair the operation of the 
device. Latching type devices shall remain in each 
latched position wit 

5.2.9 Vibration 

5.2.9.1 Sinusoida 

I no voltage applied to the coil. 

When relays or contactors are tested in accordance 
with 6.2.9.2, there shall be no contact opening in ex- 
cess of 10 ps and the contact closing shall not exceed 
1 ps, unless otherwise specified in the detail specifi- 
cation (see 4.1). The high temperature shall be the 
maximum specified in the detail specification (see 
4.1). Following the resonance endurance and cycling 
endurance tests, there shall be no structural failure, 
loss of seal or other damage that impairs the oper- 
ation of the device. Latching type devices shall remain 
in each latched position with no voltage applied to the 
coils. 

5.2.9.2 Random 

When relays or contactors are tested in accordance 
with 6.2.9.3, there shall be no contact opening in ex- 
cess of 10 ps and the contact closing shall not exceed 
1 ps, unless otherwise specified in the detail specifi- 
cation (see 4.1). The high temperature shall be the 
maximum specified in the detail specification (see 
4.1). Following the endurance tests, there shall be no 
structural failure, loss of seal or other damage that 
impairs the operation of the device. Latching type 
devices shall remain in each latched position with no 
voltage applied to the coils. 

5.2.10 Acoustical noise 

This test is applicable only if specified in the detail 
specification (see 4.1). 

When relays or contactors are tested in accordance 
with 6.2.10, there shall be no contact opening in ex- 
cess of 10 ps and the contact closing shall not exceed 
1 ps. There shall be no deterioration of device per- 
formance or physical damage. 

5.2.11 Salt spray (corrosion) 

When tested in accordance with 6.2.11, the relay or 
contactor shall show no evidence of corrosion suf- 
ficient to impair the operation of the device. 

5.2.12 Ozone 

When relays or contactors are tested in accordance 
with 6.2.12, the device shall exhibit no cracking of 
materials or other damage which will adversely affect 
subsequent performance of the device. 

5.2.13 Acceleration 

When relays or contactors are tested in accordance 
with 6.2.13, the contacts of the device shall remain in 
the de-energized conditions with no voltage across 
the coil and in the energized position when the coil 
voltage is reduced to 50 % of the nominal system 
voltage. There shall be no closing of open contacts in 
excess of 1 ps. Latching devices shall remain in each 
latched position with no voltage applied to the coils. 
Following the test there shall be no structural failure, 
loss of seal or other damage that impairs the oper- 
ation of the device. 

5.2.14 Explosion-proofing 

This test is applicable to unsealed contactors. 

When contactors are tested in accordance with 
6.2.14, any explosion internal to the contactor shall 
not rupture the case or ignite the external fuel mixture 
in the test chamber. 

5.2.15 Load and life (endurance) 

5.2.15.1 Overloads 

Monitoring of terminal temperature rise where appro- 
priate is required only during qualification testing. 

5.2.15.1.1 Overload a.c. or d.c. 

When relays or contactors are tested in accordance 
with 6.2.15.1, there shall be no electrical failure, such 
as contact sticking, welding or failure to make or 
break the specified overload current. Blowing the fuse 
connected between case and load system ground or 
neutral shall constitute failure. The terminal tempera- 
ture rise shall not exceed 75 “C. 

5.2.15.1.2 Rupture 

When relays or contactors are tested in accordance 
with 6.2.15.1.2, there shall be no electrical failure, 
such as contact sticking, welding or failure to make 
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break the specified rupture current. Blowing of the 
;e connected between case and load systen 

ground or neutral shall constitute failure. The termina 
temperature rise shall not exceed 75 “C. 

5.2.15.1.3 Circuit breaker compatibility 

I 
I 

This test is applicable only if specified in the detail 
specification (see 4.1). 

When relays or contactors are tested in accordance 
with 6.2.15.1.3, there shall be no evidence of contact 
welding or sticking and the contact voltage drop shall 
conform to 5.1.7 after the test. The terminal tem- 
perature rise shall not exceed 75 “C. Blowing of the 
fuse connected between case and load system 
ground or neutral shall constitute a failure. 

5.2.15.2 Endurance (life) 

When tested in accordance with 6.2.15.2, relays or 
contactors having two or more sets of contacts and 
which are rated 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. Relays or contactors shall be 
tested for endurance at rated contact load in accord- 
ance with 6.2.15.2.1 to 6.2.15.2.7. Test duty cycle and 
calibration of the various contact loads shall conform 
to table 14. 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 tem- 
perature rise shall not exceed 75 “C. 

5.2.15.3 Mechanical life (endurance at reduced 
load) 

The relay or contactor shall be capable of operating 
at 25 % of rated resistive load for four times the 
minimum operating cycles for relays under 25 A con- 
tact rating (resistive) and two times the specified 
minimum operating cycles for contactors rated 25 A 
and over. When the devices are tested in accordance 
with 6.2.15.3, they shall remain mechanically and 
electrically operative. There shall be no indication of 
mechanical resonance due to the frequency of ener- 
gizing voltage. 

5.2.15.4 Intermediate current 

When relays or contactors are tested in accordance 
with 6.2.15.4, there shall be no mechanical or elec- 
trical failures. The contact voltage drop shall not ex- 
ceed values specified in table 15. 

5.2.15.5 Mixed loads 

When specified in the detail specification (see 4.1) 
and tested in accordance with 6.2.15.5, multipole re- 
lays or contactors shall be capable of switching low 
level and high (or intermediate) level loads on adjacent 
contacts. The requirements for endurance, intermedi- 
ate current and low level shall apply to the contacts 
switching these loads. 

5.2.15.6 Low level 

When relays are tested in accordance with 6.2.15.6, 
one miss shall constitute failure. Monitoring of tem- 
perature rise is not applicable. 

5.2.15.7 Load transfer, single or polyphase a.c. 

When polyphase load transfer is specified in the detail 
specification (see 
in accordance wit 
to-phase arc-over 
during testing. B 
shall constitute fa 

4.1) and the contactors are tested 
I 6.2.15.7, there shall be no phase- 

or welding (sticking) of contacts 
owing of the case-to-ground fuse 
lure. 

5.2.16 Contamination 

When tested in accordance with 6.2.16, relays or 
contactors shall show no evidence of attack or corro- 

5.2.17 Insertion and withdrawal force 

When tested in accordance with 6.2.17, sockets and 
connectors shall conform to the insertion and with- 
drawal forces specified in the detail specification (see 
4 1) . . 

5.2.18 Mechanical/electrical interlock 

This test is applicab 
specification (see 4.1 

le only if specified in the detail 
) . 

When contactors provided with a mechanical inter- 
locking feature are tested in accordance with 6.2.18, 
it shall not be possible to close one set of contacts 
whenever the second set of contacts are maintained 
closed. 

5.2.19 Seal 

When relays and contactors are tested in accordance 
with 6.2.19, hermetically sealed devices shall conform 
to the seal design requirements described in 4.7.1. 

The gas leakage rate shall not exceed 
6,2 x 1 Ov3 PaDcm3/s Per cubic centimetre 
(1 x 1 Ow6 atmcm3/s per cubic inch) of net sealed 
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volume, except for relays of 32,8 cm3 (2 in”) net 
sealed volume or less where the leakage rate shall not 
exceed 6,2 x 1 O- 5 Pa=cm3/s per cubic centimetre 
(1 x 1 O- * atmcm3/s per cubic inch) of sealed volume. 

Relays that fail the seal test (6.2.19.3.4) shall be 
tagged and separated from the test lot. 

6 Tests 

6.1 Examination of product 

Unless otherwise specified in the detail specification 
(see 4.1), examine the products by the methods de- 
scribed in 6.1.1 to 6.1.14. 

6.1.1 General 

Inspect relays and contactors to verify that design, 
construction, materials, physical dimensions, weight, 
marking and workmanship conform to this part of 
IS0 5867 and the detail specification (see 4.1). Per- 
form visual and mechanical inspections with measur- 
ing equipment to determine dimensions, masses and 
surface defects. 

6.1.2 Header glass 

Examine the header g 
in 5.1.2. 

I ass visually using the procedure 

6.1.3 Operating voltage 

Test relays and contactors in accordance with 6.1.3.1, 
6.1.3.2 and 6.1.4. The pickup and dropout voltages 
shall be as specified in the detail specification (see 
4.1), 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 relay or 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. 

b) With the device energized for 30 min at maximum 
coil voltage prior to test (for continuous duty coils 
only), check that the contacts do not change state 
(break and remake) when the coil voltage is re- 
duced from the point of dropout to 0 V. 

6.1.3.1 Pickup voltage 

Test relays and contactors to determine that the en- 
ergized function is completed when a potential not in 
excess of the specified pickup voltage is applied to 
the coil. 

6.1.3.1.1 Pickup voltage at room temperature 

For relays, apply the pickup voltage by gradually in- 
creasing the voltage to the coil. For contactors, apply 
the pickup voltage either as for relays, or apply it as 
a step function. Use an indicating device to determine 
that the contacts operate satisfactorily. 

6.1.3.1.2 Pickup voltage at high temperature 

Subject the relay or contactor to an operating test at 
the maximum ambient temperature specified in the 
detail specification (see 4.1). Apply the maximum 
specified voltage to the coils for 1 h. During this test, 
continuously energize the continuous duty coils. Cycle 
the intermittent duty coils at the rate specified for 
resistive load. Do not lead the contacts during this 
test. Within 30 s following this period, and with the 
device maintained at the test temperature, determine 
the pickup voltage in accordance with 6.1.3.1 .I. 
Check that the pickup voltage is within the limits 
specified in the detail specification (see 4.1). 

6.1.3.2 Dropout voltage 

This subclause is not applicable to latching relays or 
contactors. 

Apply the maximum operating voltage to the coil ter- 
minals and then reduce the voltage. Check that the 
device releases to the de-energized position with the 
specified limits of dropout voltage. Use an indicating 
device to determine that the contacts operate satis- 
factorily. 

6.1.4 Hold voltage 

Apply the maximum operating voltage to the coil ter- 
minals and then reduce to the maximum dropout 
voltage. Use a device such as indicator lamps or, at 
the option of the manufacturer, a more sensitive de- 
vice to determine if there is any change of state of 
contacts. Check that the device conforms to 5.1.4. 

6.1.5 D.C. coil resistance 

Measure the d.c. coil resistance. Stabilize the relay or 
contactor at (23 fr 1) “C for a minimum of 2 h prior 
to making the measurement. If measurement at 
23 “C is impractical, stabilize the relay or contactor at 
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any other ambient temperature for 2 h, measure the 
resistance and recalculate the resistance to 23 “C 
using the temperature coefficient of resistance for- 
mula for copper magnet wire as follows: 

R RT 37 = L3 1 + K(t - 23) 

where 

RT 

R23 

K 

t 

is the resistance at the new ambient tem- 
perature; 

is the resistance at 23 “C; 

is the ternperature coefficient (0,003 93 
for copper at 23 “Cl:, 

is the new ambient temperature, in de- 
grees Celsius. 

6.1.6 Maximum coil current 

For relays or contactors with semiconductors or a coil 
suppression circuit, coil resistance measurements 
cannot be performed accurately. In this case, 
measure the maximum coil current. Stabilize the de- 
vice at (23 + I) “C for a minimum of 2 h prior to 
measuring coil current. At the end of that period, ap- 
ply the maximum coil voltage to the coil and measure 
the current within 5 s. If measurement at 23 “C is 
impractical, use any other temperature and recalculate 
the coil current to 23 “C following the general pro- 
cedure described in 6.1.5. 

6.1.7 Contact circuit voltage drop 

Measure the voltage drop across the relay or 
contactor terminals connected to the electrical con- 
tacts at the points at which external circuits are con- 
nected. 

Measure normally open and normally closed contacts 
separately with the relay or contactor energized or 
de-energized as appropriate. In the energized state, 
apply the nominal voltage to the operating coil unless 
otherwise stated in the detail specification (see 4.1). 

Take voltage drop measurements on plugin type re- 
lays at the relay pins and state an allowance for the 
receptacle (socket). 

Unless otherwise stated in the detail specification 
(see 4.1) for relays between 5 A and 25 A rating, 
close the contacts before the test current is applied 
and open the contents after the test current has been 
removed (i.e. contacts do not “make” or “break” the 
test current). 

NOTE 10 For relays with ratings greater than 25 A and 
for contactors, the test current may be made and/or broken 
by the contacts under test. 

Record the voltage drop after 1 min. 

NOTE 11 Voltage drop values obtained within 0,l s to 
10 s may be used if automatic test equipment is involved. 

Ensure that the following conditions apply: 

a) Check that the test current is in a resistive circuit. 

NOTE 12 Certain power supplies can have inrush 
currents exceedingly high for the relay or contactors 
under test. 

b) Unless otherwise specified in the detail specifi- 
cation (see 4.1), check that the supply does not 
exceed 6 v d.c. for relays between 5 A and 25 A 
rating. 

c) Unless otherwise specified in the detail specifi- 
cation (see 4.1), check that the supply is not 
greater than 28 V d.c. for relays and contactors 
with ratings greater than 25 A but, in any case, 
check that it does not exceed the maximum rated 
value of the contacts under test. 

d) For qualification testing, take the contact voltage 
drop as the average value of ten consecutive 
measurements made with contacts opened and 
closed between each measurement. Check that 
no individual reading exceeds the maximum value 
stated in 5.1.7. 

e) For production testing, take one measurement of 
contact voltage drop. Check that the value does 
not exceed the maximum stated in 5.1.7. 

The contact resistance for relays or auxiliary contacts 
rated 5 A or less shall be as specified in 5.1.7. 

The test current shall be 100 mA except for those 
contacts rated for low level for which it shall be 
10 mA. 

The open circuit 
or a.c. peak. 

6.1.8 
times 

Contact bounce, operating and release 

voltage shall be 6 V d.c. maximum 

Release time is not applicable to latching relays or 
contactors. 

See figure2 for suggested circuit. 
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- To oscilloscope trigger 

Control 
voltage 

Switch r 

NO contact 

NC contact Self -synchronous 
oscilloscope 
(vertical deflection) 

Switch closure - Operating time - 
Transfer time 

Operating time 
characteristic 

Contact break 
bounce duration ’ 

Switch opening - 

12 v 

ov 

Release time Release time 

Contact break 
bounce duration ’ 

Transfer characteristic 

time 

; 

Dynamic 
resistan 

Figure 2 - Contact bounce (typical circuit) 

Make photographic records of contact operating and 
release times and contact bounce at nominal coil 
voltage for qualification test approval. Apply contact 
loading, number of activations, and resolution for 
these measurements as specified in 6.1.8.1, 6.1.8.2 
or 6.1.8.3 as applicable. Check contact make bounce 
on both normally open and normally closed contacts. 
Check contact break bounce when specified in the 
detail specification (see 4.1). Check on release of 
normally open contacts. 

NOTE 13 Contact bounce includes both the initial bounce 
with the contact’s first make and any additional bounce. 
Caution should be observed to be sure that the photo- 
graphic record includes any of the above so-called second- 
ary bounce, if it exists. Contact break bounce occurs when 

Dynamic contact 
resistance effect 

C 

IC 

.ontact 
e effect 

a closed contact initially opens then recloses one or more 
times before fully opening. Open circuit voltage of 90 % or 
greater constitutes contact bounce, whereas less than 
90 % open circuit voltage is considered to be dynamic con- 
tact resistance. 

6.1.8.1 The operating conditions for relays with 
auxiliary contacts rated for low level (see detail speci- 
fication 4.1) shall be as follows: 

a) open circuit voltage - 6 V d.c. max.; 

b) contact current - 100 mA max.; 

d 

number of activations for contact bounce - five 
min.; 

resolution - 10 ps. 
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values specified in the detail specification (see 4.1). It 
is permissible to perform the dielectric withstanding 
voltage at humidities above 50 % but, in the event of 
failure, check the device at 30 % to 50 % relative hu- 
midity prior to rejection. 

No measurement shall exceed the time values speci- 
fied in the detail specification (see 4.1). 

6.1.8.2 The operating conditions for relays rated 
from 5 A to 25 A (see detail specification 4.1) shall be 
as follows: 

6.1.10 Insulation resistance 

a) open circuit voltage - 6 V d.c. (or peak a.c.) 
max.; Measure the insulation resistance at (500 + 25) V 

d.c. between the following points: 

b) contact current - 100 mA max.; 
a) between all terminals and ground; 

c) number of activations for contact bounce - the 
average of five consecutive readings; between all contacts terminals of different po- b) 

larity; 
d) resolution - IO ps. 

c) between coil terminals and all contacts; 
No measu .ement shall 
fied in the detail specifi 

exceed the time values speci- 
4 I) . . cation (see 

6.1.8.3 Tt le operating conditions for contactors in 
which the lowest specified load (resistive, inductive, 
motor, Ian p) for the power contact is 25 A or greater 
(see detail specification 4.1) shall be as follows: 

d) between all unconnected terminals of the same 
polarity. 

Perform these tests with the relay or contactor coil 
de-energized and energized, with the exception that 
the coil to enclosure need not be tested in the ener- 
gized condition. Maintain the relative humidity in the 
range of 30 % to 50 %. It is permissible to perform 
the insulation resistance test at humidities above 
50 %, but in the event of failure, check the device at 
30 % to 50 % relative humidity prior to rejection. 

a) open circuit voltage - 28 V d.c. (or peak a.c.); 

b) contact current - 100 mA max.; 

cl number of activations for contact bounce - the 
average of five consecutive readings; 6.1.11 Low level run-in 

When specified in the detail specification (see 4.1), 
test relays for low level run-in in accordance with 
6.2.15.6. The number of operations is limited to 
5 000. 

d) resolution - 100 ps. 

No me asu rement shal I excee d the time values speci- 
fied in the detail speci f ication (see 4.1). 

6.1.12 Sealing 
6.1.9 Dielectric strength 

Test relays and contactors for gross and fine leakage 
in accordance with 6.2.19. Apply the a.c. test voltage given in table8 between 

the following points: 

6.1 .I3 Marking a) between all terminals and ground; 

Examine relays or contactors for marking. b) between all contact terminals of different polarity; 

c) between coil terminals and all contacts; 6.1 .I 4 Electromagnetic interference of coil circuit 

d) between all unconnected terminals of the same 
polarity. 6.1.14.1 Exported spikes 

Perform these tests with the relay or contactor coil 
de-energized and energized, with the exception that 
the coil to enclosure need not be tested in the ener- 
gized condition. Maintain the relative humidity in the 
range of 30 % to 50 %, except for the altitude use 

6.1.14.1.1 A.C. operated relays or contactors 

Subject coils of a.c. operated devices to the 
electromagnetic interference test specified in test 
procedure IS0 7137 - 3.7. 
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6.1.14.1.2 D.C. operated relays or contactors 

Connect the device as shown in figure3. Prior to 
testing, apply maximum operating coil voltage with 
reverse polarity for more than 2 s to ensure that 
internal diodes are connected with the correct polarity 
and that zener diode rating is greater than maximum 
line voltage. 

NOTE 14 Voltages greater than the maxim 
may damage the coil suppression device. 

urn specified 

Carry out the following procedure (see figure3). 

Ensure that the switching relay is the same type as 
the relay or contactor under test. E is the nominal 
operating voltage for the device under test. The 
switching relay is operated from a source voltage in- 
dependent of E. CR0 is a cathode-ray oscilloscope 
with a rise time of 0,020 ps or less. Set the horizontal 
(time) deflection scale at 5 ms per division 
(5 ms/cm) and the vertical (voltage) deflection scale 
at 20 volts per division (20 V/cm). Ensure that both 
horizontal (time) and vertical (voltage) deflection 
traces have a calibrated grid spacing (i.e. cm or mm). 

The sou rce E is a low impedance 
battery) capable of delivering the n 

source (such as a 
ominal coil voltage 

without a limiting resistor or potentiometer to regulate 
the line voltage. 

NOTE 15 A low source impedance representing a typical 
application is more important than having the exact nominal 
voltage. 

Close the switching relay for a minimum of 5 s al- 
lowing the oscilloscope and circuit network to stabil- 
ize, then open to obtain the induced voltage deflection 
trace. 

a) Observe the reading in the oscilloscope and re- 
cord the magnitude of the induced voltage tran- 
sient. 

NOTE 16 A typical trace is presented in figure4. 

b) Record the maximum value of three consecutive 
readings. 

c) Unless otherwise specified in the detail specifi- 
cation (see 4.1), use a test temperature of 
(25 + 5) “C. 

For final production testing, use only one measure- 
ment to verify that the back EMF (coil kick) is within 
the specified limit. 

I Relay under test I 

ion device 

Figure 3 - Electromagnetic interference test circuit 
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+ 23 V / 

0 

a) Non-suppressed coil circuit 

Start armature movement 

Zener cut-off 
End armature movement 

Switch opens 

b) Suppressed coil circuit 

Figure 4 - Typical transient voltage 

6.1.14.2 Imported spikes 

Subject the relays or contactors to test procedure 
IS0 7137 - 3.3 at ambient temperature. 

Perform the test on relays or contactors in the ener- 
gized condition. Control the total potential of the spike 
so that it does not exceed + 600 V, with a source 
impedance of 50 Q. 

Apply 10 spikes to the coil. 

The switching device shall withstand the interference 
voltages without damage or malfunction. 

6.2 Test methods for electrical and 
mechanical requirements 

6.2.1 High temperature operation 

Subject the relay or contactor to an operating test at 
the maximum ambient temperature specified in the 
detail specification (see 4.1). Apply the maximum 

specified voltage to the coils except for latching relays 
or contactors to which no voltage is applied. Maintain 
the conditioning for 1 h keeping the relay or contactor 
coils energized continuously. Do not load the contacts 
during this test. Within 30 s of the end of the test 
period, and with the device maintained at the test 
temperature, measure the pickup and dropout volt- 
age. 

6.2.2 Low temperature operation 

Perform the tests below in the sequence listed and in 
the minimum time to prevent significant heating of 
the coil. 

Subject the relay or contactor to the low temperature 
operation specified in the detail specification (see 
4.1) for a period of 48 h in the de-energized condition. 
At the end of this period, and with the device at the 
low temperature, measure the pickup voltage dropout 
voltage and contact circuit voltage drop as specified 
in 6.1.3.1, 6.1.3.2 and 6.1.7 respectively, except that 
a 20 min preconditioning is not required. 
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Subject relays or contactors that contain permanent 
magnets in the magnetic circuit, in addition to the 
above tests, to the demagnetizing effect of the cold 
coil energized with the maximum voltage specified. 
During the low temperature test, after approximately 
24 h, operate these devices by the sudden application 
of maximum coil voltages for one operation. Operate 
latch relays or contactors and centre-off devices con- 
taining permanent magnets in both directions with the 
coil energized, for a period not exceeding 2 s, so that 
no appreciable heating occurs. 

Test all units subjected to this demagnetizing effect 
in accordance with 6.2.1 at the conclusion of this test. 

6.2.3 Compass-safe distance 

Test relays or contactors in accordance with test pro- 
cedure IS0 7137 - 3.1 at ambient temperature. 

The deflection of the compass shall be not more than 
I” when the device is placed at a distance to the 
compass as specified in 5.2.3.3. 

Perform the test with the relays or contactors in both 
the energized and de-energized condition. When the 
relays or contactors are tested in the energized con- 
dition, energize the coil to the nominal operating volt- 
age. 

6.2.4 Strength of terminals 

6.2.4.1 Strength of threaded terminals and 
mounting studs 

Test relays or contactors, having mounting studs or 
threaded terminals, as follows: 

a) Apply the specified pull force both coaxially with 
the threaded terminal in a direction away from the 
main body of the device, and again normal to the 
threaded axis of the terminal in approximately the 
same plane as the seat for the terminal lug. 

b) 

d 

APPlY 
to the 

the appropriate torque specified in table 1 
terminal lug assembled in correct order. 

Apply all forces for 1 min. 

Test relays or contactors, with stud or threaded ter- 
minal assemblies soldered in place, as follows: 

a) Stabilize the relay or contactor at 180 “C for a 
minimum of 2 h. 

b) Subject the terminals to the pull and torque test 
as specified above. 

6.2.4.2 Strength of solder terminals less than 
I,2 mm (0,047 in) diameter 

Twist each terminal (90 & IO)’ clockwise applying the 
twisting force at the point where connections would 
be normally made. Following the twist test, apply the 
appropriate pull force specified in table9 to each ter- 
minal at the point where connections would normally 
be made. Apply the pull force in any one direction 
(45 + 5)” from the normal axis of the terminal for a 
period of 15 s to 30 s. Return the terminals to their 
normal position. 

Table 9 - Pull force 

Terminal diameter 

mm in 

Pull force 

N Ibf 

0,9 to I,2 0,035 to 0,047 22 + 5 + - 2,2 - 0,5 

0,6 to 0,9 0,023 to 0,0349 13 + I,3 3 + - _ 0,3 

< 0,6 < 0,023 9 + 0,9 2 + - - 0,2 

6.2.4.3 Strength of plug-in terminals less than 
I,2 mm (0,047 in) diameter 

Bend each terminal 20” to 30” in both directions from 
the normal axis in a given plane and after returning it 
to its normal position, bend each terminal 20” to 30” 
in both directions perpendicular to the previous plane. 
Return the terminals to their normal position. Follow- 
ing the bend test, apply the appropriate pull force 
specified in table9 to each terminal for a period of 
15sto30s. 

6.2.4.4 Strength of solder and plug-in terminals 
greater than I,2 mm (0,047 in) 

Apply a pull force of (44 + 4,4) N [ (10 &- 1) lbf] at 
(90 -t- IO)’ to the normal axis of the terminal for a - 
period of 15 s to 30 s. Apply the force to solder ter- 
minals at the point where connections would normally 
be made, or to plug-in terminals in the last quarter of 
the length. 

6.2.4.5 Strength of wire lead terminals 

Bend each terminal (90 +_ lO)O in any direction from 
the normal axis of the terminal at (6,4 + 1,6) mm 
[(I /4 + I/16) in] from the terminal header with the 
bend radius three to five times the diameter of the 
wire. Grasp the terminal (12,7 I~I 1,6) mm 
[(I /2 k 1 /I 6) in] from the bend and twist by rotating 
the 6,4 mm (l/2 in) length (90 + IO)’ clockwise. Re- - 
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peat the procedure four times. Following the twist 
test, apply the appropriate pull force specified in 
table9 to each terminal at the point where con- 
nections would normally be made. Apply the pull in 
any one direction (45 + 5)O from the normal axis of 
the terminal for a period of 15 s to 30 s 

6.2.5 Thermal shock 

Test relays and contactors in accordance with test 
procedure IS0 7137 - 1.2 for the temperature range 
specified in the detail specification (see 4.1) with the 
following exceptions to measurements after cycling. 

Visually examine the relays and contactors for break- 
ing, cracking, chipping or flaking of the finish, or loos- 
ening of the terminals. Measure the insulation 
resistance, dielectric withstanding voltage, and con- 
tact voltage drop. 

6.2.6 Sand and dust 

This subclause is only applicable to unsealed contac- 
tors. 

Test contactors in accordance with test procedure 
IS0 7137 - 1.7 with the following exception. 

Raise and maintain the temperature for 6 h to the 
maximum specified for the contactor under test. Use 
a sand and dust velocity through the test chamber of 
between 30 m/min to 150 m/min. 

6.2.7 Continuous current 

Perform this test at the maximum temperature and 
altitude specified in the detail specification (see 4.1) 
for the class of relay or contactor being tested. Apply 
also to this test the conditions specified for endurance 
testing (see 6.2.15). Do not energize the relay or 
contactor coil for the first 3 h of this test. Load 
normally closed contacts with the highest rated 
resistive load. At the end of the 3 h period with no 
change in the conditions, measure the pickup voltage 
of the relay or contactor continuously for 97 h and 
measure the coil voltage. Measure the rated resistive 
current at any convenient voltage for contacts that are 
in the closed position when the coil is energized. Im- 
mediately following the operating period and with the 
device still at the specified temperature, test the relay 
or contactor to determine that the energized function 
is completed when the pickup voltage is applied. 
Monitor the terminal temperature rise throughout the 
test. 

6.2.8 Shock 

Test the relay or contactor in accordance with test 
procedure IS0 7137 - 2.1 m The following details apply: 

a) 

b) 

c) 

d) 

e) 

f 1 

Mounting. Rigidly fasten the relay or contactor 
using its regular mounting to the drop carriage of 
the shock testing machine. Mount the device in 
each of its mutually perpendicular axes in turn. 

Test conditions. Subject the relay or contactor to 
impacts of the intensity and duration specified for 
the shock characteristics of component being 
tested in the detail specification (see 4.1). Select 
the test condition and test procedure accordingly. 

Number of impacts. Apply four shocks (a total 
of 24 shock pulses), in each direction along each 
of three mutually perpendicular body axes, one of 
the axes being in the direction most likely to 
cause malfunction. 

Electrical operating conditions. Perform the 
shock test with the relay or contactor de- 
energized (two shocks) then repeat with the relay 
or contactor energized (two shocks) with the 
nominal coil voltage or current. 

Magnetic latching devices. Apply two pulses in 
each direction in the latch position and two pulses 
in the reset position, with no coil current being 
applied during these pulses. 

Measurements during shock. Monitor contacts 
for opening or closing (open contacts may be 
wired in a parallel and closed contacts may be 
connected in series). 

6.2.9 Vibration 

Perform vibration tests in accordance with the re- 
quirements specified in the detail specification (see 
4 1) . . 

NOTE 17 The detail specification (see 4.1) may specify 
test procedure IS0 7137 - 2.2 as an alternative to this pro- 
cedure. 

High temperature is the maximum higher temperature 
specified for the relay or contactor being tested. Low 
temperature shall be as specified in the detail specifi- 
cation (see 4.1). When vibrating intermittent duty de- 
vices in the energized position, reduce the coil voltage 
to a level that prevents overheating and subsequent 
damage to the insulation system. 
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6.2.9.1 General requirements 

6.2.9.1 .I Test installation 

Rigidly attach the relay or contactor to the vibrator 
table either directly, or with an adaptor of sufficient 
rigidity to be nonresonant in the test frequency range. 
If necessary, conduct an independent frequency scan 
on the adapter with a suitable dummy load in lieu of 
the relay or contactor to determine whether the 
adapter has resonances in the test frequency range. 
Ensure that the test configuration does not induce 
rotational motion of the vibrator table or adaptor 
bracket due to any unsymmetrical weight or stiffness 
distribution of the component. Mount the control 
accelerometer(s) on the test fixture as near as poss- 
ible to the equipment mounting location. 

6.2.9.1.2 Contact disturbance 

When relays or contactors are tested for contact dis- 
turbance, there shall be no contact opening in excess 
of 10 ps and the contact closing shall not exceed 
1 ps, unless otherwise specified in the detail specifi- 
cation (see 4.1). 6.2.9.1.3 specifies the voltage, cur- 
rent, and instrumentation which should be used to 
measure the contact disturbance. 

Connect multiple open contacts in parallel and mul- 
tiple closed contacts in series during testing. 

NOTE 18 Contact disturbance may 
cuit similar to that shown in figure2. 

be detected by a cir- 

6.2.9.1.3 Voltage and current for contact 
disturbance measurements 

Apply a test voltage of between 12 V and 25 V with 
a series noninductive’ resistor of suitable resistance to 
limit the closed circuit current to some value between 
5 mA and 10 mA. Use an oscilloscope with high input 
impedance and a bandwidth of 1 MHz, or greater. 

6.2.9.2 Sinusoidal vibration 

6.2.9.2.1 Amplitude measurement 

Make measurements of vibratory accelerations or 
amplitudes at the mounting base of the components. 
Vibratory acceleration increased by its own reson- 
ances is not considered as part of the applied vi- 
bration. The means of measuring vibratory amplitudes 
of acceleration is not considered as part of the applied 
vibration. Select the means of measuring vibratory 
amplitudes or acceleration to provide a clear dis- 
tinction between the applied vibration and the re- 
sponse to the vibration of the relay assembly or 
contactor assembly. 

6.2.9.2.2 Frequency measurements 

Select equipment capable of measuring frequency to 
within + 5 % and amplitude or acceleration to within 
+ 10 %. Use a vibrator table that provides simple 
harmonic motion with not more than 10 % distortion. 
Distortion of the table motion caused by the oper- 
ation, or response of the component itself, is not 
considered part of the distortion of the driving motion. 

6.2.9.2.3 Frequency scan 

If IS0 7137 is not specified in the detail specification 
(see 4.1) the test curves in figure 5 apply. Vibrate the 
relay or contactor first in the energized and then in the 
de-energized position along each of three mutually 
perpendicular axes for resonance under the conditions 
defined in the detail specification (see 4.1). Conduct 
the frequency scan slowly and carefully. Divide the 
frequency range into small convenient intervals, and 
scan each interval at a constant applied acceleration 
or amplitude that produces approximately the table 
amplitude or acceleration. Observe closely during the 
frequency scans to detect frequencies of minimum 
table motion that define some of the frequencies at 
which some components may be in resonance. These 
frequencies are quite sharply tuned and do not 
necessarily coincide with the frequencies at which 
maximum component amplitude or noises occur 
when scanning at constant applied force amplitude. 
When the resonant components are small, the re- 
duction of table motion at resonance may not be dis- 
cernible, in which case the resonant frequencies may 
be determined for observation of maximum ampli- 
tudes, noises or changes in performance such as 
contact disturbance. In all cases, verify the resonant 
frequencies, if possible, by checking for minimum 
table motion. 

6.2.9.2.4 Resonance endurances 

If IS0 7137 is not specified in the detail specification 
(see 4.1) the test curves in figure 5 apply. After com- 
pletion of the frequency scanning, conduct resonance 
endurance tests as specified in the detail specification 
(see 4.1), modified as follows: 

a) Use a test duration of one million cycles or 8 h, 
whichever occurs first. 

b) Perform a separate test for each resonance found 
in the frequency scan specified in 6.2.9.2.3; do 
not divide the test time between resonances. 
Separate resonance endurance tests may be per- 
formed on separate relays or contactors, if the 
resonance is common to more than one sample. 
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c) Vibrate the specimen for 15 min at the specified 
minimum temperature. Stabilize the test device 
at the maximum and minimum temperatures be- 
fore conducting resonance endurance tests at 
these temperatures. Continue vibrations at room 
temperature for the duration of the test. 

d) Divide the resonance endurance time equally be- 
tween vibration with the relay or contactor coil in 
the energized and the de-energized conditions. 

e) For intermittent duty devices, energize for 3 min 
at the end of each temperature level of the cycle. 

f) Do not conduct endurance tests at any frequency 
at which the table amplitude abruptly increases 
when scanning at constant applied force ampli- 
tude. If a change in resonant frequency occurs 
during testing, or owing to change in test tem- 
perature, adjust the frequency of vibration to fol- 
low the resonance. However, if large or abrupt 
resonant frequency shifts occur, examine the item 
for structural failure or excessive wear. 

6.2.9.2.5 Cycling endurance 

If IS0 7137 is not specified in the detail specification 
(see 4.1), the test curves in figure 5 apply. Cycle the 
relay or contactor for 30 min at maximum and 
30 min at minimum rated ambient temperature. En- 
ergize the test device for the first half of each test 
period. During the second half, de-energize the test 
device. Cycle the frequency for 15 min periods be- 
tween the frequency limits specified in figure5 and 
at the vibration levels specified in figures 6 to 10 for 
the class of relay or contactor being tested. Ensure 
that the rate of change of frequency is logarithmic. 
Where there is no provision for logarithmic cycling, 
use a linear rate of frequency change. The cycling test 
may be divided into convenient frequency ranges, 
provided cycling rates and test times for each range 
are not changed. 

6.2.9.3 Random vibration test procedure 

6.2.9.3.1 Critical frequencies survey 

Prior to and after random vibration, perform the 
sinusoidal test procedures of 6.2.9.2.3, except to limit 
the test to one sweep (minimum to maximum fre- 
quency) at appropriate levels in each axis. Identify 
critical frequencies. 

Subject the test item, while operating, to vibration 
along each of three mutually perpendicular axes ac- 
cording to the spectral density envelope indicated by 

the appropriate category of table 10. Continue vi- 
bration and operation for 1 h, or for a longer period if 
necessary, to complete the test. The difficulty in 
reading the vibrating display when the total excursion 
exceeds 0,51 mm is not cause for failing the test. 

The instantaneous random vibration acceleration 
peaks may be limited to three times the RMS accel- 
eration level. Ensure that the power spectral density 
of the test control signal does not deviate from the 
specified requirements by more than + 3 dB or 
- I,5 dB below 500 Hz, and + 3,0 dB between 
500 Hz and 2 000 Hz, except that-deviations as large 
as + 6,0 dB are permitted over a cumulative band- 
width of 100 Hz, maximum between 500 Hz and 
2 000 Hz. These tolerances are increased in rolled-off 
regions of the spectrum by + 0,l dB for every 1 dB 
down from the maximum level specified. 

Confirm these tolerances by using an analysis system 
providing statistical accuracies corresponding to a 
minimum bandwidth-time constant product, 
Pa> rnin = 50. Use a specific analyser with the follow- 
ing characteristics: 

a) online, contiguous filter, equalization/analysis sys- 
tem having a maximum bandwith, B,,, = 50 Hz; 

b) S 
a 

wept freq 
s follows: 

uency analysis systems characterized 

I) constant bandwidth analyser with 

- filter bandwidths 

B = 10 Hz, maximum between 10 Hz 
to 200 Hz 

B = 50 Hz, maximum between 200 Hz 
to 2 000 Hz 

- analyser averaging time, T=2RC= 
2 s min. where T is the true averaging 
time and RC is the analyser time constant, 

- analyses sweep rate (linear), r = B/4RC or 
B*/8 (Hz/s) max, whichever is smaller, 

2) constant percentage bandwidth analyser with: 

- filter bandwidth, pfc = one-third octave 
maximum (0,23 f where P is the percent- 
age and fc is the analyser centre fre- 
quency), 

- analyser averaging time, T = 5O/Pf,, ex- 
pressed in minutes, 
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- analysis sweep rate (logarithmic), 

Pf Rf> 
2 

Y =*or 8” - (Hz/s) max., 

whichever is smaller; 

C) digital power spectral density analysis system 
employing quantitative techniques providing ac- 
curacies corresponding to the above approach; 

d) the composite G = RMS test level not less than 
the value given for the applicable category. Mount 
accelerometer(s) employed for test level control 
in accordance with 6.2.9.1 .I. Where more than 
one accelerometer is employed for test level 
control, use the power average of the acceler- 
ometer signals as the test level signal control. 

6.2.9.4 Severe vibration environment test 
procedures 

Use the applicable test curves specified in the detail 
specification (see 4.1). The severe vibration test 
curves are shown in table 11 and figure 10. Sinusoidal 
or random test procedures, as appropriate, may be 
used for the robustness test (6.2.9.4.2). 

6.2.9.4.1 Vibration response survey (step 1) 

The vibration response survey is the same as the 
sinusoidal test in 6.2.9.2 except that only one sweep 
per axis of 5 Hz to 2 000 Hz to 5 Hz is required. 

6.2.9.4.2 Robustness test (step 2) 

Unless otherwise specified in the detail specification 
(see 4.1), operate the test item during vibration so 
that performance effects caused by vibration may be 
evaluated. However, compliance with applicable 
equipment performance standards is not required 
during the application of vibration. 

Subject the test item to random or sinusoidal vibration 
according to the appropriate categories specified in 
the detail specification (see 4.1) or table 11 and 
figure 10, along one of its three orthogonal axes. Use 
a vibration duration of 3 h and, if sinusoidal pro- 
cedures are used, a sine sweep rate not exceeding 
I,0 octavelmin. 

6.2.9.4.3 Vibration response survey (step 3) 

Repeat step 1 above and record a comparison of re- 
sponses that have exceeded Q = 3 in either survey. 
Record if the dynamic response or the performance 
of the equipment has changed significantly. 

Repeat the procedures specified in 6.2.9.4.1 to 
6.2.9.4.3 with the vibratory motion applied along the 
second major orthogonal axis of the equipment. 

Repeat the procedures specified in 6.2.9.4.1 to 
6.2.9.4.3 with the vibratory motion applied along the 
third major orthogonal axis of the equipment. 

At the conclusion of severe V ibration testin 
mi ne compliance with applica b Ile equip ment 

cl 
Pe 

deter- 
rform- 

ante standards. 

6.2.10 Acoustical noise 

This test is applicable only if specified in the detai 
specification (see 4.1). 

Test relays or contactors in accordance with test pro- 
cedure IS0 7137 - 2.4 to the overall noise level and 
relative power distribution specified in the detail 
specification (see 4.1). Subject the relay or contactor 
to wide-band acoustical noise in the de-energized 
position and in the energized position with rated volt- 
age applied to the coil. Continuously monitor the 
contacts. 

6.2.11 Salt spray 

Test the relays or contactors and, when applicable, 
the terminal lugs attached in accordance with test 
procedure IS0 7137 - 1.9. At the completion of the 
test, clean the relay or contactor by washing in cold 
running tap water and examine for deterioration. Dry 
the device for approximately 6 h in a circulating air 
oven at approximately 65 “C. 

6.2.12 Ozone 

Place the relay or contactor in an enclosure and sub- 
ject it to an atmosphere with an ozone volume frac- 
tion of from 0,010 % to 0,015 % for a period of 2 h 
at room temperature. At the end of the test period, 
examine the sample for signs of ozone deterioration. 
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Table 10 - Categorization of standard vibration test requirements by aircraft types and equipment 
locations 

Vibration test envelope for equipment mounted on: 

Instrument 

Aircraft type Fuselage 
panel’) Equipment Nacelle 

Wing, 
consolel) rack, Engine and empennage 

and non-vibration- and engine 

equipment isolated pylon 
gear box or wheel 

webl 
rack*) 

Helicopters 

Reciprocating engine Y3) P N 

Turbojet engine y41 3) P N 

Fixed-wing - Turbojet engine 

Subsonic (including turbofan engine) J4) or C K or A 0 or B 

Supersonic J4) or C K or A 0 or B 

Fixed wing - Reciprocating and 
turbopropeller engines 

Multi-engine, greater than 5 700 kg 
(12 500 lb) L S M  

Multi-engine, less than 5 700 kg 
(12 500 lb) M  S M 

Single engine, less than 5 700 kg 
(12 500 lb) M  S M 

1) Panel-console vibration and non-vibration-isolated in regard to aircraft structure. 

2) Rack vibration isolated from aircraft structure. 

3) Includes equipment mounted in the nose and tail boom areas of helicopter. 

4) Does not include equipment mounted on structure directly affected by jet efflux. 

U 

W  

R or D 

R or D 

T 

L 

M  

U v 

W  vi 

W  R4) or D 

W  R4) or D 

U T 

L L 

L M  

Table 11 - Categorization of severe vibration test requirements for fixed-wing turbojet engine aircraft 
and equipment locations 

Aircraft type 

Fixed-wing - Turbojet engine 

Subsonic (including turbofan engine) 

Supersonic 

T 
Fuselage 

J3) or C 

J3) or C 

Vibration test envelope for equipment mounted on: 

Instrument 
panell) 

consolel) 
and 

equipment 
rack*) 

K or A 

K or A 

Equipment 
rack, 

non-vibration- 
isolated 

0 or B 

0 or B 

Nacelle 
and engine 

Pylon 

R or D 

R or D 

Engine and 
gear box 

Wing, 
empennage 

or wheel 
well 

R3) or D 

R3) or D 

1 

1) Panel-console vibration and non-vibration-isolated in regard to aircraft structure. 

2) Rack vibration isolated from aircraft structure. 

3) Does not include equipment mounted on structure directly affected by jet efflux. 
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NOTE - In this figure, Imperial units have been retained because the graph was derived from these units originally. 

Figure 5 - Range curve for vibration tests 
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NOTE - All slopes are + 6 dB/octave except as noted on curves D and E. - 

Figure 6 - Standard random vibration test curves for equipment installed in fixed-wing aircraft with 
turbojet engines 
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NOTE - In this figure, Imperial units have been retained because the graph was derived from these units originally. 

Figure 7 - Standard sinusoidal vibration test curves for equipment installed in fixed-wing aircraft with 
turbojet engines 
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NOTE - In this figure, Imperial units have been retained because the graph was derived from these units originally. 

Figure 8 - Standard sinusoidal vibration test curves for equipment installed in fixed-wing aircraft with 
reciprocating or turbopropeller engines 
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NOTE - In this figure, Imperial units have been retained because the graph was derived from these units originally. 

Figure 9 - Standard sinusoidal vibration test curves for equipment installed in helicopters 
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Figure 10 - Robust random vibration test curves for equipment installed in fixed-wing aircraft with 
turbojet engines 
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6.2.13 Acceleration 

Test the relays or contactors in accordance with test 
procedure IS0 7137 - 2.3 subject to the following de- 
tails or exceptions: 

a) Mounting. Rigidly fasten the relays or contactors 
using the normal mount in each of three mutually 
perpendicular positions. 

b) Test condition. Subject the relays or contactors 
to test condition A. Apply the acceleration in each 
direction along three mutually perpendicular axes 
of the specimen with one of the axes in the di- 
rection most likely to cause malfunction. Use the 
acceleration force specified in the detail specifi- 
cation (see 4.1). 

d Electrical operating conditions during acceler- 
ation. Perform the acceleration test with the de- 
vice in the de-energized condition and repeat with 
the coil energized. Connect an indicating instru- 
ment across the contacts while the device is 
undergoing this test to determine the ability of 
contacts to remain in the proper position. Wire 
open contacts in parallel and closed contacts in 
series. 

6.2.14 Explosion-proofing 

This test is only applicable to unsealed contactors. 

Test contactors in accordance with test procedure 
IS0 7137 - 4.1 modified as follows: 

Maintain the temperature of the ambient explosive 
mixture and of the equipment at the maximum tem- 
perature specified for the contactor in the detail 
specification (see 4.1). Perform at least five tests for 
internal explosions at each 0,5 % mixture increment 
from 3 % to 6 % volume fraction of commercial bu- 
tane, using dry air in establishing the mixture. The 
spark may be obtained by operating at rated inductive 
load. Tests at altitude conditions are not required. 

not less than 3 h. Suspend or mount the relay or 
contactor in still air, using a thermal insulating ma- 
terial. Test the normally open (NO) and normally 
closed (NC) contacts of double-throw devices. If the 
NO and NC contacts are tested separately, provide an 
additional sample unit for this test. An additional 
sample unit is required to meet all other tests in the 
test sequence. If both NO and NC contacts of 
double-throw devices are being tested at the same 
time, provide a separate load for each NO and each 
NC contact. Connect the movable contacts to the 
power source, except for double break contacts. 
Connect all loads between the contacts and power 
supply ground or neutral. When testing multipole re- 
lays or contactors with three-phase ratings, connect 
three-phase loads to adjacent contacts. During endur- 
ance tests, monitor every operation of each contact 
for failure to make, carry and break the specified load, 
any of which constitutes a failure. Check that the 
minimum sensing period is 10 % of the dwell time in 
the open or closed position. Select test equipment 
capable of either locking in the state of failure, or re- 
cording the sequence number of the miss. Specify 
failure to close as a voltage drop across the contacts 
exceeding 10 % of full load voltage, except for inter- 
mediate current tests when the intermediate current 
voltage drop shall be as specified. A failure on vi- 
bration or of the dielectric withstanding voltage after 
load tests constitutes 
establishing MCBF. 

6.2.15.1 Overloads 

one failure for the purposes of 

6.2.15.1 .I Overload a.c. or d.c. 

Force the contacts of the relay or contactor to make 
and break the overload values for the durations shown 
in table 12, or as specified in the detail specification 
(see 4.1) for 50 operations at each of the maximum 
system voltage (open circuit) ratings. For double- 
throw devices, perform separate tests for the NO and 
for the NC contacts. 

6.2.15.1.2 Rupture 
6.2.15 Loads and life (endurance) 

Arrange test loads and circuits so that the specific 
current flows through each pole. During all load or 
endurance (life) tests, maintain the relay or contactor 
enclosure at the electrical system ground to neutral 
through a fuse rated at 5 % of the rated resistive load, 
but in no event greater than 3 A or less than 
100 mA. Blowing of this fuse constitutes a failure. 
Use line-to-line and line-to-ground voltages specified 
in the detail specification (see 4.1). Perform the load 
test cycles in any number of continuous periods, each 

Force the relay or contactor to make and break its 
rated rupture current at each of the maximum system 
voltage (open circuit) ratings, for a minimum of 50 
operations using the values of current and cycling 
time in table 13, or as specified in the detail specifi- 
cation (see 4.1). For double-throw devices, perform 
separate tests for the NO and NC contacts. For those 
devices with both ac. and d.c. ratings, perform a.c. 
and d.c. rupture tests on separate samples at highest 
system voltage (open circuit), as specified in the detail 
specification (see 4.1). 
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Table 12 - Overload values and durations 

IS0 5867=1:1996(E) 

Relay rating 
Rated resistive 

% 
Duty cycle 

S 

A 

< 24 
> 25 

28 V d.c. 

400 
800 

115 V d.c. 

400 
800 

115/200 V a.c. three-phase 

600 
800 

ON + 0,05 - OFF +I - 

02 20 
02 20 

Table 13 - Rupture values and durations 

Resistive rating 
Rated resistive load 

% 
Duty cycle 

S 

A 28 V a.c. 115 V a.c. 115/200 V a.c. 
three-phase ON + 0,05 - OFF +I - 

I > < 10 10 1 500 000 1 500 000 I 1 800 000 

6.2.15.1.3 Circuit breaker compatibility 

This test is applicable only if specified in the detail 
specification (see 4.1). 

Subject each relay or contactor to five applications 
(make and carry only) of power concurrently on ad- 
jacent poles at each of the current levels and for the 
associated time specified in the detail specification 
(see 4.1). Test relays or contactors at 28 V d.c. and 
115/200 V a.c., 400 Hz, three-phase with a resistive 
load. Allow cooling time of 30 min between success- 
ive applications of current. Perform tests at room 
conditions on both the NO and NC contacts. 

or a.c. (open circuit) system voltages specified in the 
detail specification (see 4.1). Use a minimum of 
100 000 cycles at each contact load rating unless 
otherwise specified in the detail specification (see 
4 1) . . 

6.2.15.2.1 Inductive load, d.c. 

Subject the relay or contactor to the minimum number 
of operating cycles with inductive loads of time con- 
stant z = L/R = (5 + 0,5) ms (see 4.11, using the duty 
cycle of table 14. 

6.2.15.2.2 Motor load, d.c. 

6.2.15.2 Endurance (life) 

Perform endurance load cycling tests as specified in 
the detail specification (see 4.1), and this subclause. 
Use a duty cycle conforming to table 14. Conduct the 
endurance test with 50 % of the required operating 
cycles at the maximum temperature and altitude for 
the class of relay being tested. Make provision for 
continuous monitoring of contact operation. Interrupt 
the life test every 5 000 operations and record the 
contact circuit voltage drop. Check that the readings 
do not exceed the values specified in the detail 
specification (see 4.1). 

Subject the relay or contactor to the minimum number 
of operating cycles for making six times the rated 
motor load at rated system voltage, and for breaking 
the normal rated motor load. 

Use a specified inrush current duration of 
(0,07 + 0,02) s. After this period, reduce the current 
to its-rated motor load for the remainder of the 
“ON” period. 

6.2.15.2.3 Resistive load, d.c. 

NOTE 19 The altitude requirement for hermetically 
sealed relays or contactors may be waived provided that the 
ambient temperature is increased by 10 % of that specified 
for the class of device being tested. 

Subject the relay or contactor to the minimum number 
of operating cycles in a noninductive resistive circuit, 
the current being the maximum rated resistive Iloads 
specified in the detail specification (see 4.1), at each 
rated system voltage. 

Unless otherwise specified during all endurance tests, Use resistors for loads that have an L/R ratio not ex- 
apply the control and contact voltages using the d.c. ceeding 1 x 10e4 s. 
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Table 14 - Duty cycle 
Time in seconds 

Intermittent 0,35 + 0,09 
duty coils 0,5 + 0,05 3,0 + 0,l 2) 10 f 0,l I,5 + 0,05 2,5 + 0,l 2 + 0,05 7+2 

I) “OFF” time may be decreased at the manufacturer’s discretion. 

2) The duration of specified inrush current shall be (0,07 + 0,02) S, after which it shall be reduced to its rated motor load for the remainder 
of the ON Deriod. 

6.2.15.2.4 Lamp load 

Unless otherwise specified in the detail specification 
(see 4.1), perform the lamp load with a 28 V d.c. 
power supply. Subject relays or contactors to the 
minimum operating cycles specified in the detail 
specification (see 4.1), making 12 times the rated 
lamp load and breaking the rated lamp load. Use a 
duration for the 12 times inrush current of 0,015 s to 
0,020 s. Except for single-throw devices, test one NC 
contact. Test multipole devices with the loads on two 
separate adjacent poles. 

6.2.15.2.5 Inductive load, a.c. 

Subject the relay or contactor to the minimum oper- 
ating cycles with inductive loads for the rated current 
and voltage using the duty cycle of table 11. Use in- 
ductive load circuits with inductive and resistive load 
elements connected in series. Use circuit parameters 
of rated inductive current, voltage and frequency, and 
a (0,7 * 0,05) lagging power factor. 

6.2.15.2.6 Motor load,, a.c. 

Use the procedure specified in 6.2.15.2.2 for the a.c. 
motor load test with the a.c. inrush current five times 
rated motor load current, or as specified in the detail 
specification (see 4.1). 

6.2.15.2.7 Resistive load, a.c. 

Use the procedure specified in 6.2.15.2.3 with the ac. 
load equal to the resistive current specified in the de- 
tail specification (see 4.1). 

6.2.15.3 Mechanical life (endurance at reduced 
load) 

With rated coil voltage, cycle the relay or contactor at 
25 % of rated resistive load for four times the speci- 
fied minimum operating cycles for relays under 25 A 

contact rating (resistive), and twice the specified 
minimum operating cycles for contactors of 25 A and 
over. Use the cycling rate specified for resistive loads. 
Load each relay circuit (NO and NC contacts of all 
poles) including interlock circuits if they exist, at 
25 % of rated resistive load current (steady-state) at 
28 V d.c. or rated a.c. voltage. Provide each load with 
a circuit that will detect failure of the contacts to open 
and close. Specify failure to close as a voltage drop 
across the contacts exceeding 10 % of full load volt- 
age. During the test, ensure that each set of contacts 
opens and closes its individual circuit in proper se- 
quence. 

6.2.15.4 Intermediate current 

Subject the relay or contactor to 50 000 cycles as 
follows. Test NO and NC contacts. Perform tests on 
NO and NC contacts of double-throw relays and con- 
tactors concurrently. Use a test voltage of 
(28 + 1) V dc. During each cycle, energize the coil 
for (29 + 3) s and de-energize for (I,5 + 0,s) s. Dur- - - 
ing each cycle, ensure that the contacts under test 
make, carry and interrupt the test current specified in 
the applicable clause below. While the contacts are 
carrying the test current, measure the contact voltage 
drop at the start of the test and ensure that it does 
not exceed the value shown in table 15. Monitor to 
provide either a continuous record of contact voltage 
drop, or to cause cessation of the test if the values 
of table 15 are exceeded. Perform tests on main and 
auxiliary contacts concurrently. Carry out the test at 
the maximum ambient temperature specified in the 
detail specification (see 4. I) and at sea level con- 
ditions. Where a relay or contactor is required to be 
cycled for more than 50 000 cycles, cycling in excess 
of 50 000 may be accomplished at the rate specified 
in table 15. Relays or contactors with intermittent duty 
coils are exempt from this test. 

Use an inductance conforming to figures 1 I and 12 
and record compliance. 
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Table 15 - Contact voltage drop 

IS0 58674:1996(E) 

Maximum Calculated Maximum allowable voltage drop after test begins’) 2) 
Contact ratings (rated initial voltage initial 

resistive load) drop (see allowable 0,5 A 0,3 A 0,l A 
Rated 

5.1.7) resistance resistive load 

A Q resistive load resistive load mv resistive load 
mV mV mV 

mV 

2 (auxiliary contacts) 150 0,075 63 38 13 175 

5 150 0,030 40 24 8 175 

10 150 0,015 32 20 7 175 

15 150 0,010 30 18 6 175 

20 150 0,010 30 18 6 175 

1) Determine maximum allowable contact voltage drop for ratings not listed by adding 0,05 a to the calculated initial allowable resistance 
based on initial allowable contact voltage drop with a maximum of 200 mV. Check that the voltage drop at rated current does not exceed 
the limits of contact voltage drop specified in 5.1.7. 

For contactors rated above 20 A and with an intermediate current of 10 % of rated resistive load, calculate E’,.,,~~, in millivolts, from the 
following equation, or use 200 mV, whichever is less. 

Emax= bX (y) +0,05] Xl 000 

where 

4 is the intermediate current; 

is the rated resistive load. 

2) Where the lower specified load (resistive, motor, inductive, lamp) of a contactor’s power contacts is 2 25 A the following apply: 

a) 2 % of the specified operations may exceed the voltage drop listed, but no more than three operations may exceed 1 000 mV drop; 
b) use a cycle rate of 20 s on and 10 s off. 

Connect each NO and NC contact to loads in accord- 
ance with table 16. 

Table 16 

Circuit No. 
Pole No. 

Loads 

1 0,5 A resistive load 
2 0,3 A resistive load 
3 0,l A resistive load 
4 rated resistive load 

If the relay or contactor has more than two poles, re- 
peat the above loads in the sequence listed. Omit 
rated load for single-pole, single-throw devices. For 
single-pole, double-throw devices, test each sample 
unit with rated load on the normally open contact, and 
specified intermediate current on the closed contact. 

For two- and three-pole devices, load one pole with 
rated current, and load the other poles with inter- 
mediate currents. Test sufficient samples to cover all 
combinations. 

6.2.15.5 Mixed loads 

This test is applicable only if specified in the detail 
specification (see 4.1). 

Load the NO and NC contacts of one pole of a -multi- 
pole relay with the low level load specified in the de- 
tail specification (see 4.1). Load all the NO anqd NC 
contacts of the remaining poles with the foVowing 
loads specified in the detail specification (see 4.1). 

a) inductive load (d.c.); 
b) inductive load (a.c.); 

c) resistive load (d.c.); 
d) resistive load (a.c.); 

e) lamp load; 
f) motor load (d.c.); 

g) motor load (a.c.). 

Provide one relay for each of the above loads (e.g. one 
sample will switch low level and (d.c.1 inductive, one 
will switch low level and (a.c.1 inductive, etc.). 

35 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 58

67
-1:

19
96

https://standardsiso.com/api/?name=a1f3f88bcd6bb7782bbe62fa7a3d38ff


IS0 5867=1:1996(E) 

Wire relays of three or more poles so that the contact 
switching the low level load is in between the poles 
switching the high level loads. Use a cycle rate and 
number of cycles of operation as required for each of 
the applicable high level loads. Ensure all other testing 
requirements (including monitoring) conform to loads 
specified in 6.2.15. 

6.2.15.6 Low level 

Test relays for low level requirements. The following 
details apply, unless otherwise specified in the detail 
specification (see 4.1). 

a) Contact load: 10 PA to 50 PA at 10 mV to 50 mV 
(d.c. or peak a.c.). 

b) Cycling rate: Use a minimum cycling rate of 60 
operations per minute. Use a maximum cycling 
rate IO times the sum of the maximum specified 
operate and release times for the relay under test. 

Generator 

c) Total cycles: 100 000. 

d) Coil voltage: Nominal. 

e) Miss detection monitoring level: 100 Q. 

f) Sticking of contacts constitutes a failure. 

6.2.15.7 Load transfer, single or polyphase a.c. 

Connect the relay or contactor contacts to 2 separate 
and independent four-wire, three-phase (Y-connected) 
power supply systems in accordance with figure Il. 
Use a systems (generator) voltage and load currents 
as specified in the detail specification (see 4.1). 
Maintain the frequency of generator number one 
within 1 % of specified rating. Maintain the frequency 
of generator number two at 2 % to 10 % below the 
frequency specified in the detail specification (see 
4 1) . . 

Phase A Phase B 

f 
I 
I t I Phase A h-h- Gener 

“: F Phase B i I ’ ; “‘--- wyyy’+~ 
I 1 
! I 

I 
I 

d I I I 
I  

Phase C 

Load 

I 3 
t 4 

; r- Relay case 
I 
f 

I I 
f 

I Phase C 
I 

sator No. 2 

Figure 11 - Test circuit, three-phase load transfer 
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0 IS0 IS0 5867=1:1996(E) 

As an alternative, use a single power supply system 
in which the load can be switched between phases 
and in which the system voltage can be raised to 
133 V/230 V r.m.s., three-phase a.c. (e.g. by use of a 
variable auto-transformer), or in which a transformer 
is used as shown in figure 12. Ensure that the trans- 
former continuous duty rating is at least as great as 
the loads to be switched. Ensure that voltage regu- 
lation at the load does not exceed 2,5 % when the 
line current of one or more phases is 10 times the 
specified load current. 

With rated coil voltage and current, subject the relay 
or contactor to 10 000 cycles of operation at a duty 

cycle of (5 + 1) s ON and (5 + 1) s OFF. Use induc- 
tive a.c. loads (see 6.2.15.4) and current and voltage 
values as specified in the detail specification (see 
4.1). Monitor each phase of the power supply system, 
and each movable contact of the relay or contactor 
continuously to determine phase-to-phase arc-over, 
and contact sticking and welding. Single- and two-pole 
devices may be tested in the same manner by omit- 
ting inapplicable contacts and loads. The test circuitry 
may be modified for testing interlock contactors and 
devices with double break contacts. Energize interlock 
contacts alternately by use of SPDT transfer switch 
device. 

Transformer c----------------- ----------------------------------- 
1 

Relay case 

Fuse 

-a--------. 

1 

---. 

TollSV/200 Vr.m.s. 
400Hzthree-phase 
power supply 

I 
I 
I 
I 

I 
I 
I 

I 
I 

I 
I 

I 

I 

I 
I 

a- J 

1 : 

Figure 12 - Alternative test circuit, three-phase load transfer 
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