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Foreword

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

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 least75)%"of the, member bodies casting
a vote.

International Standard ISO 2669 was prepared by Technical Committee
ISO/TC 20, Aircraft and space vehicles, Subcommittee SC 5, Environ-
mental and operational conditions for aircraft equipment.

This second edition cancels and replaces®’thg”0/first00'edition
(ISO 2669:1978), of which it constitutes a technical revision.

Annex A forms an integral part of this International Standard.
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Introduction

The tests specified in this International Standard aim to determine the
performance characteristics and to confirm the structural integrity and
safety of airborne equipment and airborne equipment mountings when
they are subjected to gradually changing acceleration forces generated by
an aircraft manceuvre such as turn, pull-out, roll, etc. For example, the
tests would be expected to indicate:

a) any change in operating state and any variations in performance;

b) any jamming occurring in moving parts and any variation in their path;

¢) any reduction in the free travel and change in the suspension charac-
teristics, ofythe, antivibrationymountings that could damage the oper-
ating’state and capability’ of antitvibration;

d)*‘any breakage ‘or‘any ‘weakness in the fastenings mounting devices or

structure of the equipment that could constitute a hazard to the aircraft
or itscoccupants.
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Environmental tests for aircraft equipment —

Steady-state acceleration

1 Scope

This International Standard specifies two types of
steady-state acceleration test and establishes five
severity grades of acceleration forces used to simu-
late a gradually changing acceleration environment
representative of that which civil aircraft,equipmeént
can encounter in operational use.

The emergency landing case is not within the scope
of this International Standard; reference should be
made to ISO 7137 for this case.

2 Normative reference

The following standard contains provisions which,
through reference in this text, constitute provisions
of this International Standard. At the time of publica-
tion, the edition indicated was valid. All standards are
subject to revision, and parties to agreements based
on this International Standard are encouraged to in-
vestigate the possibility of applying the most recent
edition of the standard indicated below. Members of
IEC and ISO maintain registers of currently valid
International Standards.

ISO 7137:—", Aircraft — Environmental conditions
and test procedures for airborne equipment.

3 Apparatus

3.1 General characteristics

3.1.1 A centrifuge should be used for producing the
required acceleration forces.

1) To be published. (Revision of ISO 7137:1992)

3.1.2 In special cases, if stated by the relevant
equipment specification, inflight testing or any other
method that can produce linear acceleration may be
used instead of a centrifuge.

3.1.3 The apparatus shall be capable of producing
thel specified acceleration forces within + 10 % at all
paints in the equipment.

3.1.4 The apparatus shall be fitted with the elec-
trical, hydraulic andfor pneumatic input and output
connections’needed-to operate the equipment under
test’-and to conduct operational checks. The loss of
the connections shall not exceed the limit specified in
the relevant specification.

3.1.5 The test apparatus shall be equipped with an
adjustable acceleration system, and any additional vi-
bration due to the test apparatus shall be maintained
within the tolerance specified in the relevant specifi-
cations.

3.1.6 The centrifuge shall be equipped with an ad-
justable mass balance system to compensate for any
out-of-balance forces due to the mass of the test
item.

3.2 Special cases

3.2.1 If, because of the excessive size of the equip-
ment, it is not possible to maintain the tolerance
specified in 3.1.3 at all points in the equipment, the
relevant equipment specification may relax require-
ments on those parts not considered to be sensitive
to specified acceleration forces.
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3.2.2 During functional tests in vertical directions
carried out with equipment sensitive to gravity or in-
version and which could cause malfunctions, a special
centrifuge, inflight test bed or other apparatus which
reproduces the required acceleration shall be used.

3.2.3 Care should be taken when interpreting results
of functional performance tests carried out on equip-
ment subjected to acceleration tests using a centri-
fuge, if the equipment contains rotating parts with
appreciable moments of inertia (e.g. a rate gyro). The
relevant equipment specification shall state if the
equipment may be tested on a centrifuge, if it is
necessary to use other apparatus, or if special re-
quirements for the tests need specifying.

3.2.4 Acceleration grade 0 is defined as a gradually
changing acceleration which causes equipment to
become weightless. For equipment sensitive to zero
gravity, a special test procedure may be required and
should be detailed in the relevant equipment specifi-
cation.

3.3 Monitor system

3.3.1 An acceleration pickup, an angular velocity
pickup or other method may be used to measure ac-
celeration forces directly or indirectly. The accuracy
of the acceleration measuring device shall be one-
third of the tolerance specified in the relevant equip-
ment specification or better. In some cases, several
accelerometers may be located on the equipment
under test to determine the acceleration at various
places on the equipment.

3.3.2 When the acceleration is measured with an
angular velocity pickup, the angular velocity may be
defined by using the following equation:

2 a

" =70.00124

where

n is the rotational frequency of the arm, in rev-
olutions per minute;

a is the acceleration value required by the test,
in numbers of g (standard acceleration of free
fall: g, = 9,806 65 m/s?);

d is the distance, in metres, from the rotary
shaft of the centrifuge to the position on the
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equipment under test at which the acceler-
ation value a is to be applied.

3.3.3 When the acceleration is measured using an
acceleration pickup, it may be located, in accordance
with practice, at the geometric centre, the centre of
mass, or the rotary surface, depending on the position
of sensitive parts of the equipment under test.

4 Equipment mounting

4.1 Orientation

The equipment under test shall be mounted on the
apparatus in such a way that it can be successively
orientated in the six directions of acceleration defined
by an orthogonal reference system. The relevant
equipment specification shall define the reference
system.

4.2 Mounting method

The orientation may be set by using an adjustable
tablel which_is lintegral with the apparatus or with a
special fixture attached to the apparatus.

The “equipment shall be attached to the adjustable
table or fixture by its fastenings or mounting devices,
as defined 'in the installation manual for the equip-
ment.

If equipment fitted with an absorber is to be tested,
the relevant equipment specification shall define
whether the equipment should be installed together
with the absorber on the centrifuge.

4.3 Supply connections

The connection and orientation to the equipment of
any electrical, hydraulic or pneumatic supplies shall
simulate as closely as possible those used in practice.

5 Classification of tests

5.1 Severity

The equipment shall be classified in accordance with
the appropriate severity grade given in table1 as a
function of environmental and operational conditions.
For light and transport aircraft, grade 1 or 2, as appli-
cable, shall be stated in the relevant equipment
specification.
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Table 1 — Equipment severity grades

Equipement
severity Intended for installation in
grade

0 Equipment subject to zero gravity (e.g.
spacecraft)

1 { Transport aircraft

Light aircraft

3 Helicopters

4 High-performance aircraft
Aerobatic aircraft

5.2 Types of test

Two types of steady-state acceleration test are
specified in table2. The relevant equipment specifi-
cation shall state which type of test is to be carried
out.

Table 2 — Classification of tests

Type of test Purpose and requirementof test

1 Functional | 1) To check the good running order
of the equipment under the imposed
acceleration/ forces:

2) The equipment shall be in opera-
tion during the acceleration phase and
the performance shall be monitored
(see 8.1.2).

2 Structural | 1) To check equipment for structural
integrity under the imposed acceler-
ation forces, i.e. for structural strength
or stiffness of the equipment.

2) To check the equipment and its
mounting for safety, i.e. for any struc-
tural damage that would constitute a
hazard to the aircraft or its occupants.

3) Normally, the equipment shall not
be in operation during the acceleration
phase. Where it is essential for equip-
ment to operate correctly in emer-
gency situations (e.g. crash recorder)
the performance of the equipment
shall be monitored (see table3, cat-

egory C).
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5.3 Categories of equipment

The equipment under the imposed acceleration forces
shall be classified in accordance with requirements
of function, structural integrity and safety as shown in
table 3. The relevant equipment specification shall
state the category of the equipment.

6 Test sequence

6.1 General case

For category A and category B equipment, the func-
tional and structural integrity tests shall be carried out
in the following order:

a) one functional test with performance check in ac-
cordance with 8.1 once in each of the six atti-
tudes;

b)y one--structural integrity test with performance
check in accordance with 8.2 once in each of the
six attitudes.

For’category C'equipment, the functional and struc-
tural tests are identical.

6.2 Special cases

In order to reduce the number of operations necess-
ary for re-orientating the equipment on the test ap-
paratus, the structural integrity test may immediately
follow the functional test unless prohibited by the
relevant equipment specification.

7 Acceleration severity grades

Functional testing shall be carried out in accordance
with table 4. Structural testing shall be carried out in
accordance with table 5. Directions of the aircraft ac-
celeration are shown in figure 1.
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Table 3 — Equipment categories

© |SO

: Test requirements
Equipment Operational requirements
category Functional test Structural test
A Equipment not required to func- | Equipment required to operate | Equipment not required to func-
tion in manceuvre state. before and after, but not during | tion during and after the acceler-
the acceleration phase. ation phase, but which must
remain free from structural dam-
age that would cause hazard to
aircraft or its occupants.
B Equipment required to function | Equipment required to function | Equipment required to function
reliably in manceuvre state. before, during and after the ac- | before and after, but not during
celeration phase. the acceleration phase. After the
test, the structural integrity shall
remain unimpaired.
(o Equipment required to function | Equipment required to be tested | Structural integrity and functional
normally in emergency situations | in accordance with more severe | tests are required to be con-
(for example crash recorder, | grade and to function before, | ducted together. After the test,
safety devices, etc.). during and after the acceleration | the structural integrity shall re-
phase. main unimpaired.
Up kZ
[ —
(_ Yaw
Slich e
Aft Lateral left
()

Y

Lateral right Pitch

v Down

Roll

NOTE — For the "up” acceleration tests, mount the equipment in the centrifuge with the top of the equipment facing toward
the centre of the centrifuge. For the “forward” acceleration tests, mount the front end of the equipment facing toward the
centre of the centrifuge.

Figure 1 — Direction of aircraft acceleration
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Table 4 — Acceleration severity grades (functional test)
Acceleration for
arbitrarily mounted Acceleration for non-arbitrarily mounted equipment
Severity equipment
grade Categories A and B
Categories | Category Category
Aand B c Forward Aft Up Down Lateral (left c
and right)
1 40 6g 1.5¢ 1,5¢ 3¢ 1,5¢ 1,5¢ 6g
2 7g 10g 2g 2g 4,5¢ 2g 2g 10g
3 8¢ 12¢ 2g 2g 6g 3g 4g 12g
4 10g 15¢ 2,5g 2,5¢ 8¢ 3,5¢ 4g 15¢
NOTE — The acceleration for the non-arbitrarily mounted equipment categories A and B is that at the centre of gravity of
the aircraft. For equipment severity grades 1, 2 and 4, the additional acceleration forces due to manceuvre loads for equip-
ment not mounted at the centre of gravity can be calculated from the equation and correction methods specified in
annex A.
Table 5 — Acceleration severity grades (structural test)
Acceleration for a rbitrarily Acceleration for non-arbitrarily mounted equipment
mountedequipment
Severity Categories A and B
grade Cat ies A and B
ategories A an
Forward Aft Up Down Laterall (left and
right)
1 6g 2g 2g 4,5¢ 2g 2g
2 10g 3g 3g 7g 3g 3g
3 12g 3g 3g 9g 4,5¢ 6g
4 15g 4g 4g 12¢ 5,5¢ 6g
NOTES
1 For category C equipment, the structural test and functional test are identical. They shall be carried out using the ac-
celeration for category C equipment given in table 4.
2 The acceleration value for non-arbitrarily mounted equipment categories A and B is that at the centre of the aircraft. For
equipment severity grades 1, 2 and 4, the additional acceleration forces due to manceuvre loads for equipment not mounted
at the centre of gravity can be calculated from the equation and correction methods specified in annex A.
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