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INTERNATIONAL ELECTROTECHNICAL COMMISSION

BASIC ENVIRONMENTAL TESTING PROCEDURES

Part 2: Tests — Test Eb and guidance: Bump

FOREWORD

1) The formal decisions or agreements of the I EC on technical matters, prepared by Technical Committees g onal
Comnittees having a special interest therein are represented, express, as nearly as possible, an internatipnal conse nion
on the|subjects dealt with.

2) They have the form of recommendations for international use and they are accepted by that
sense.

3) Inord xt of
the 1 E|C recommendation for their national rules in so far as national conditions will pe IEC
recommendation and the corresponding national rules should, as far as possible
This standard has been prepared by Sub-Committee § . 50:

Environmhental Testing.

This second edition of 1 EC Publicatign 68-2-29 repl end-

ment Nof 2 (1983).
The te

> Report on Voting
50A(COYIG3 ~ 50A(CO)L70
OA( 50A(CO)174
Furthg Mpons on Voting indicated above.

The follopi CTr d in phis standard:
Pub] fi 3 Y

¢ Part 2: Tests.

: Test Ea and Guidance: Shock.

: Test Ec: Drop and Topple, Primarily for Equipment-type Specimens.
68-2-32 (1975): Test Ed: Free Fall .

68-2-47 (1982): Mounting of components, equipment and other articles for dynamic tests including hock

(Ea), bump (Eb), vibration (Fc and Fd) and steady-state acceleration (Ga) and guidance.
68-2-XX: Test Ee and Guidance: Bounce. (In preparation.)
721-3-1: Classification of Environmental Conditions, Part 3: Classification of Groups of Environ-
mental Parameters and Their Severities—Storage. (Under consideration.)
721-3-5 (1985): Part 3: Classification of Groups of Environmental Parameters and Their Severities—
Ground Vehicle Installations.

Other publication quoted :
ISO Standard 2041 (1975): Vibration and Shock —~ Vocabulary.
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BASIC ENVIRONMENTAL TESTING PROCEDURES

Part 2: Tests — Test Eb and guidance: Bump

INTRODUCTION

This test is applicable to components, equipments and other electrotechnical products, herein-

P& DS O v 0O 8-a5 - > o

excluded.

Specification writers will find in Clause 11 a list of
specifications and in Appendix A the necessary guida

cope

severities of bump.

Seneral description

The pu b
shocks, and tousé

a specimen is\ds

afis of quality control (see Clause A3.)

“nded for unpackaged specimens and for items in their transpo
e considered as part of the specimen itself.

test_severity applied to the specimen should be such as to reproduce the effects of the

of a specimen in so far as its structural integrity is concerned and as a mea ality con;

after referred to as “specimens”, which, during transportation or in use, may be subjected to

design

rol. It
consists basically of subjecting, on a bump tester, a specimen to repetitive sh andard pulse
shape with specified peak acceleration and duration.
Note. — The term “bump tester” is used throughout this standard but othg re not

eeified

given

etitive
hether

ay also be used, in some cases, to determine the stryctural

[t case

le, the
actual

transport or operational environment to which the specimen will be subjected, or to sati

5fy the

design requirements if the object of the test 1s to assess structural integrity (see Clause A3),

For the purpose of this test the specimen is always fastened to the fixture or the table of the
tester during conditioning.

bump

In order to facilitate the use of this standard, references are given in the main part where the
reader is invited to refer to Appendix A and the clause numbers in the main part are also referred to

in Appendix A.

This standard is to be used in conjunction with IEC Publication 68-1: Basic Environmental

Testing Procedures, Part 1: General and Guidance.
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3. Definitions

The terms used are generally defined in ISO 2041 or IEC Publication 68-1.

The following additional terms and definitions are also applicable for the purposes of this
standard.

3.1 Fixing point

Part of the specimen in contact with the fixture or the table of the bump tester and which is
normally used to fasten the specimen in service.

32 Check point

Fixing point nearest to the centre of the table surface of the bump tester ere)is’a fixing
point having a more rigid connection to the table, in which case this Ja nts sed.
Note. — This definition applies as there is only one nominated check point. OtherStandardN icath ontain

definitions of “check point” applicable where provision is made for the kontrol ofghete RO f more

than one check point.

3.3  Bump severity

Combination of the peak accceleration, the d ber of

bumps.

3.4 [Velocity change
cified

3.5 g

Standard 2
latitude.

phical

4. DDescriptionef test qpparatus

4.1 |Required characteristics

When the bump tester and/or fixture are loaded with the specimen, the bumps applied at the
check point shall have the following specified characteristics.

4.1.1 Basic pulse shape

The true value of each half-sine pulse shall be within the limits of tolerance shown by the solid
line in Figure 1, page 28.

Note. — Where it is not practicable to achieve a pulse shape falling within the specified tolerance, the relevant specification
should state the alternative procedure to be applied (see Clause A4).
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4.1.2 Repetition rate

The repetition rate shall be such that the relative motion within the specimen between bumps
shall be substantially zero and the value of acceleration at the check point shall be within the limits
shown in Figure 1, page 28 (see Clause A6). '

Note. — A rate of between one and three bumps per second is usually adequate.

4.1.3 Velocity change tolerance
The actual velocity change shall be within +20% of the value corresponding to the nominal

ulce

Where the velocity change is determined by integration of the actual puls¢ hall-be.done

from 0.4D before the pulse to 0.1D beyond the pulse, where D is the durati inal
pulse.
Note. — If the velocity change tolerance cannot be achieved without the use of elaboya htion
should state the alternative procedure to be adopted (see Clauses A4 and
4.1.4 |Transverse motion
The positive or negative peak acceleration z ; t, perpendicular to the intepded

bump direction, shall not exceed 309
the intended direction, when determiné
4.2 (see Clause A4).

eration of the nominal pulse in
v in accordance with Sub-clause

ToCe-

4.2

true

he overall measuring system, which includes the accelerometer, can
the accuracy and shall be within the limits shown in Figure 2, page 29

4.3 Allounting

The specimen shall be fastened to the fixture or the table of the bump tester by its normal

mounting means during conditioning. Mounting requirements are prescribed in I EC Publication
68-2-47.

5. Severities

The relevant specification shall prescribe the appropriate bump severity. Unless otherwise speci-
fied, one of the combinations of acceleration and duration shown in the same line of Table I in
Sub-clause 5.1 and a number of bumps from Sub-clause 5.2 shall be selected (see Clause A3).
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5.1 Acceleration and-duration of the pulse

5.2

6. Pre-conditioning

7. Injtial measurements

8. Cqgnditioning

8.1
8.1.1

Application of bumps

TABLE 1

Acceleration and duration of the pulse

. Corresponding duration of } Corresponding velocity
Peak acceleration () the nominal pulse (D) change (AV)

2 (equivalent in m/s?) ms m/s

10 (100) 16 1.0

15 (150) 6 0.6

25 (250) 6 0.9

46 400} & 5
100 {1 000) 2 1.2 /\

Mumber of bumps in each direction

100 = 5
1000 = 10
4000 = 10

The relevant specification may call for preconditiohing

The specimen shall be submitted to e1iS10

the relevant specification.

Component type sp
Unless oth :

applied in eac

benerallylofigreatest significance in one direction of one axis (usually vertical), the specified nu
bf bumps shall be

speeifieation{see-ClatseA6)
TOC7TYOU)T

al and functional checks prescribgd by

1l be

plied

mber

applied in that direction and attitude only. Where the attitude is unknowi}, the
spécified number of bumps shall be applied in each of the directions prescribed by the rel¢vant

8.2 Operating mode and functional monitoring

The relevant specification shall state whether the specimen shall

a) operate during bump and if any functional monitoring is required;
and/or

b) survive the conditions of bump.

For both cases the relevant specification shall provide the criteria upon which the acceptance or

rejection of the specimen is to be based.
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9. Recovery

10.

11.

The relevant specification may call for recovery.

Final measurements

The specimen shall be submitted to the visual, dimensional and functional checks prescribed by

the relevant specification.

The relevant specification shall provide the criteria upon which the acceptance or rejection of the

specimen is to be based.

Information to be given in the relevant specification

1 1S 1est 1S 1Inciuded 1 A% 5
they are applicable:

1) Tolerances, special cases (Clause A4)

b) Velocity change, special cases (Clause AS)
r) Transverse motion, special cases

) Method of mounting
P) Severity (Clause A3)
P Pre-conditioning

p) Initial measurements

() Directions and number of bumps jr-Specia only (Clause A6)

) Operating modes and functional m oni%

J) Acceptance and reje

i) Recovery

/) Final measure

5.1,

8.2

ras

wse or
Jclause

1.1
13
1.4
4.3
5.2

8.1
8.2
10

10
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Al.

A2.

A3.

APPENDIX A

GUIDANCE

Introduction

The test provides a method by which effects on a specimen comparable with those likely to be
experienced in practice in the environment to which the specimen will be subjected during either
transportation or operation can be reproduced in the test laboratory. The basic intention is not
negessarily to reproduce the real environment.

hin
ar(li-
eir

The parameters given are standardized and suitable tolerances are chose
sirpilar results when a test is carried out at different locations by differep
zation of values also enables components to be grouped into categorie
abjlity to withstand certain severities given in this standard.

=

In order to facilitate the use of this appendix the related €
raferred to herein.

arc

Applicability of test

This test reproduces those effects g yne hi ) m Aransportation by or us¢ in
overland transport. This causes repeate AP1K | jolting be
of a complex and random nature occurri ; { h of
Jjdurney, the track conditions, the type(of vehi 3 ; ns-

portation by rail is maip i ities \ar ng,
coupling, etc., of rail véhicles, a 1ve N . on-
rdpetitive nature, Tep i ate
(see Appendix B).

The test i icable for specineni\instali€ 'g0.
Where the specifigi™y ied EC
Publication 68-

The bump test 1 ed, W e specimen rigidly attached to the fixture or the table of|the

bump tester, RCting a controlled impulse injected at the points of attachment.
Thespecificationwrrter inténding to call up this test should refer to Clause 11 “Information t¢ be
glveny s xelevant spegification” in order to ensure that all such information is so providefd.

Test severity (Clauses 2 and 5)

Apereverpno arl nnlied to the specimen no g berelatedtotheen ‘ent

to which the specimen will be subjected during either transportation or operation, or to the design
requirements if the object of the test is to assess structural integrity.

The transportation environment is frequently more severe than the operational environment and
in these circumstances the test severity chosen may need to be related to the former. The specimen
will always need to survive the transportation environment. If it is required to function during the
operational environment, it may be necessary to carry out bump tests under both conditions with
measurements of parameters after the “transportation environment” test and functional checks
during the “operational environment” test.
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A4

When determining the test severity to be applied, consideration should be given to the possible
need to allow an adequate safety margin between it and the conditions of the real environment.

When the real operational or transportation environment is unknown, the appropriate severity
should be selected from Table II which lists the test severities applicable for various classes of
transportation and operational use.

It is emphasized that the bump test is empirical and is basically a robustness test conducted in
order to give a measure of confidence. It is not intended to simulate precisely the real environ-
ment.

In determining the test severity, the specification writer should take into account the information
given in relevant standards in I EC Publication 721: Classification of Environmental Conditions,
for example in the future IEC Publication 721-3-1: Part 3: Classification of Groups of Environ-

tiops, remembering that these publications list values of shocks encountered j
intention of this standard is to standardize shock pulses for testing that aie
sarhe effects as the real life shocks.

Tolerances

tole:
mgqtion are complied with.
]

appli
Ic.

en testing highly r
co ditioning to check lIs,
whiere only one or a lirited to
the definitive
possibly unrepreséntative er

possible, the preliinir sheC 'ng sho uld be camed out using a representative specimen (such aE:
reje ot available, it may be necessary to use a weighted sp
mg nd centre of gravity disposition. However, it needs to be noted tHat
as i

g otentially damaging high-frequency effects should previously have be¢n
determined by other means, for example a vibration test.

mation is negligible.

The requirements of Figure 2, page 29, apply to the frequency response of the measuring system
with the filter switched out. The characteristics of the filter should be such that its cut-off frequency
Jg (—3 dB point) is not lower than:

fy = L5
D
where:

[y is the cut-off frequency (kHz)
D is the pulse duration (ms)
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A5.

A6.

The frequency response of the overall measuring system including that of the accelerometer is an
important factor in the achievement of the required pulse shape and severity and needs to be within
the tolerance limits shown in Figure 2, page 29. When it is necessary to employ a low-pass filter to
reduce the effect of any high frequency resonances inherent in the accelerometer, the amplitude and
phase characteristics of the measuring system will need to be considered in order to avoid distortion
of the reproduced waveform (see Sub-clause 4.2).

Velocity change (Sub-clause 4.1.3)

For the purpose of this test it is necessary to determine the actual velocity change. This can be
done in a number of ways_amongst which are:

— [the impact velocity for pulses not involving rebound motion;

— lintegration of the acceleration/time curve.

When specifying integrating techniques, unless otherwise stated, the€ a
shquld be determined by integrating between the limits of 0.4 D befoge the st
0.1|D beyond the pulse, where D is the duration of the nominal puls€
thalt determination of the velocity change using the electronic jifte
and may require the use of elaborate facilities. The cost implicati
invioking this method.

(One purpose of specifying the velocity change, and i s assogi
test laboratory to achieve a pulse equivalent to the

ange boundaries of the pulse (see Figur¢
majintained.

respnance frequency of the shock respo ise Sp 3 he duration of the pulse, the resid
spgctrum is nearly propor ; ha ¢ pulse. For further information, see
Appendix B of IEC Publicati N Brvironmental Testing Procedures, Part|2:
Tegts — Test Ea and |G

he axes and dirextio § he test should be representative, as far as is practicable, [of
thgse in g_specime ill receive such bumps during transportation or in operational

pafticulartyinthe case 0f components, the specimens may be oriented to allow the requirements|of
thq specificationto be satisfied with a minimum number of bumps. For example, if six specimens
ard available, they may be mounted with six different orientations so that the specification reqlii-
rements are satisfied by the application of bumps in one direction only by the bump tester. If three
to Irve specimens are available, the bumps would need to be applied to the mounted specimens in
two directions. Similarly, for two specimens, three directions would be required and for a single
specimen, all six directions would be required (see Sub-clause 8.1.1).

Equipment type specimens which will always be either operational or transported on their nor-
mal base need only be subjected to bumps when mounted on that base. A specimen which, during
transportation, may be placed on more than one of its faces should be tested in each of the axes and
directions defined in the relevant specification. Bearing in mind the empirical nature of the test,
three mutually perpendicular directions would normally be adequate (see Sub-clause 8.1.2).

The requirement that between bumps any relative motion within the specimen be substantially
zero is intended to ensure reproducibility of the test. Otherwise, re-excitation of the resonance(s) of
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the specimen at different phases of its resonance(s) decay is possible which could give varying
results for identical specimens.

Note. — In order to assess whether the conditions stated have been satisfied, the test engineer may make use of the following
formula which is not intended for general use and should not be referred to in specifications:

R ~ fles min

10

where R is the repetition rate and fres min is the lowest resonance frequency.

Where the internal motion of the specimen cannot be observed, for example in an enclosed item,
‘the relevant specification will need to indicate the course of action. In many cases, particularly for
cqgmponents, no action will be necessary (see Sub-clause 4.1.2).

§@
T
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TABLE II

Examples of severities typically employed for various applications

This table lists severities which are not mandatory but which are typical of the various applications. It
should be remembered that there will be instances where the real severities differ from those siown in the

table.
Severity
Peak acceleration Duration| No. of bumps in Component use . Equipment use
each specified
& (equivalent m/s?) ms direction
10 (100) 16 1000 Transportation of fragile
items by road, exclud-
ing cross-country
15 (150) 6 4000 Minimal robustness test Itemy%tgal d i}gr}‘t}l equip
and for items of ge | r heavy
application with il¢ machinpery, for exam-
mechanical | viginity of power
ring during/transpo
tion Q
25 (250) 6 1 0600 \/ Items installed or transported i
secured position in full
cross-country vehicles. Items
installed in mechanical hand-|
ling equipment, for example,
dock cranes, fork-lift trucks
40 (400) 6 \S{:): Items which may be carried
loose in wheeled vehicles
(road or rail) for occasional
/> journeys, for example, delivery
\// . ) .
40 (400) 4.00 Items for use in trans- Transportable items which are
portable equipment repeatedly carried loose in anly
type of vehicle, rail, road or
: cross-country
100 00) N2 4000 Lamps and spring con-
& tacts, for example for
\/ keys, telephones or
\ switchboards
Note. — It fis recommended that the test severities of 250 m/s? and 400 m/s? should only be specified for specimens with a nom|nal
mpss of less than 100 kg. For heavier specimens the 100 m/s? severity is generally more appropriate.
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APPENDIX B

COMPARISONS BETWEEN IMPACT TESTS

Test Ea and guidance: Shock ~ — is intended to reproduce the effects of non-repetitive

(IEC Publication 68-2-27) shocks likely to be encountered by components and
equipment in service and during transportation.

Test Eb and guidance: Bump — 1is intended to reproduce the effects of repetitive shocks

(I1EC Publication 68-2-29) likely to be experienced by components an ipment
during transportation or when installed in various

classes of vehicles.

Test Ect Drop and topple, — is a simple test intended to assess‘the effects,of knocks or
primarily for equipment-type jolts likely to be received p i i
specimé¢ns specimens during repai
(IEC Ppblication 68-2-31) table or bench.
Test Ed: Free fall efl oA ects of falls likely
(IEC Ppblication 68-2-32, ¢ e To i

Procedyre 1 — Free fall)

Test Ed: Free fall
(IEC Ppblication 68-2-32,
Procedyre 2 — Free fall repeated)

cks
eci-

Test Ee[and guidance: Bounce is inténde eproduce the effects of the random shiock
(IEC Ppblication 68-2-XX) iti ; Car-
(In preparation) ver

Shock and bumpar performed rop
and topple, free fall, xep | ?

nce tests are performed with the specimen free.
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