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Introduction

he essential
stomer (who
the supplier
e a guide on
er and a sup-
anical system
sed on com-

This International Standard specifies the elements of
technical dialogue that must be established beiween a c
needs an analytical assessment of shock resistance) and
(the person carrying out the analysis). It(is) intended to b
what information should be exchanged ‘between a custom
plier of an assessment of the shock fesistance of a mech
(a product or human subject) wheré.the assessment is b
putational analysis.

Normally, and where practicable, the shock resistance of the equipment

or structural components .should be verified by shock tes
cedures and test performance are already covered in sd
International Standards,such as

IEC 68-2-27:1987, Environmental testing — Part 2: Tests —
Guidance: Shock.

ISO 8568:1989, Mechanical shock — Testing machines — C
and performance.

Through hands-on experience, a shock test can provide e
insight into the mechanical response of a machine, vehi
orhuman subject to which an impact load has been applie
enable an engineer to determine the mechanical and fu
ability of a product and of a human subject more accur
computation. A product subjected to a physical test to ass
ance to shock usually shows greater resistance than is in

ts. Test pro-
me fields by

Test Ea and

aracteristics

hgineers with
cle, structure

d. Such tests
nctional reli-

btely than by
eSS its resist-
jicated by an

assessment of its resistance based on a mathematical apalysis. How-

ever, there is an increasing reliance on assessments basg
ical results obtained using computational methods, prima
of improvements in the methods by which computational
accomplished and because their relationship with the real
understood better than before.

Analytical methods are preferred over shock tests when s

bd on numer-

rily because

analyses are

world is now

ock tests are

not considered possible or practical, for example in cases where

excessively large or expensive;

the structure or equipment for which an assessment is required is

an assessment of shock resistance is required as part of the design

process and/or for the purpose of testing and improving the model

used by the designer;

to test the product for which an assessment is required

tests performed on a product or class of products; or

the designer needs analytical support in deciding whether and how

)

the designer is seeking a basis for generalizing the results of shock
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— the shock resistance can be assessed adequately by using simple
mathematical models (for example, in shock isolation design or the
layout of fastenings for shock-resistant installations).

Depending upon the mechanical behaviour and complexity of the prod-
uct, its functional importance relative to other parts of the system in
which it will be used, and the safety requirements imposed on the
product or the system of which it is a part, the analytical approach
selected to assess appropriately the product’s shock resistance may be
relatively simple or sophisticated. It may be as simple as

— an equivalent-static-load (g-load) analysis, or

— an analyJis of simple models using the elastic and/or plastic
deformatign-energy capability of the model as a measure of the
model’s capability to accept without failure the energy associated
with a shofk-pulse input.

It may be as qophisticated as computational methods that make use of

time history,

finite elements, and

analytical jnodal analysis.

In order to apoid misunderstandings between the customer and. the
supplier of anlanalytical assessment, many details need to be discyssed
and establish¢d concerning

a) the mechinical properties of the product and its envirgnment (i.e.
size, weight, material, method of construction or manufacture, oper-

d)

ating cong
nections, f

the specifi
quirementg

itions, safety, shock-sensitive
hsteners, etc.);

components, pipe con-

Cation of the shock-input parameters, tolerance-limit re-
or other acceptance criteria,

the appropgriate mathematical model, the adequacy of which can be

measured
ical prope
rameters r
force-defle
singly or in
manner in
form and
parameter

by the model’s capabilityfor characterizing the mechan-
ties of the product.in_terms of the least number of pa-
pquired to yield useful results. These include the kind of
Ction constraintis~(linear or non-linear, elastic or plastic,
combination),\the type of system or modal damping, the
which energy.is propagated through the system, and the
humber ©Ofydegrees of freedom of the model (lumped-
and finite, or continuous and infinite);

an approptiate method of analysis, frequency range of interest, and
the purposLa-nd—l-i-m-i&s—ei—t-he—i-n%&Hga-t-&en;

e) the method and style of presenting the results.

Sometimes the supplier is handicapped in applying his background
knowledge properly because sufficient technical information is not or
cannot be furnished by the customer; however, the customer should be
aware of what he can expect from an analytical assessment.
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INTERNATIONAL STANDARD

ISO 9688:1990(E)

Mechanical vibration and shock — Analytical methods of
assessing shock resistance of mechanical systems —

InfornJaiion exchange between suppliers and users of
e

analyses

1 Scope

This Interpational Standard establishes the pro-
cedures fof specifying the analytical methods which
can be used to assess the shock resistance of me-
chanical systems (products or human subjects). It
provides a|protocol for conducting and documenting
a shock aralysis and identifies the requirements of
the protocq

It applies tp any product or human subject forwHich
an analytidal assessment of its shock resistahce is
required.

based onsthis International Standard| are encour-
aged tolinvestigate the possibility of [applying the
most recent edition of the standard indjcated below.
Members of IEC and ISO maintain reglisters of cur-
rently valid International Standards.

ISO 2041:1990, Vibration and shock — Viocabulary.

3 Definitions

For the purposes of this International $tandard, the
following definitions apply. Definitiond taken from

NOTE 1 |

h this International Standard,”/ unless noted

otherwise, the term “product” is used-to designate an

engineering
machine, vel

NOTE 2
shock envir
performancs

artifact (for example, equipment, component,
hicle or structure).

Neither the parameters characterizing the

bnments of concern nor acceptable levels of
are associated with specific numerical val-

ues in this

nternational Standard. When evaluating the

ISO 2041 are cited as quotations.

3.1 mechanical system

(1) In the field of mechanical shock, th¢ mechanical
configuration of a product, including all constraints

and interactive parts of its environmen
be present or accounted for in order

which must
to describe

shock resistance ofla specific product to specific shock
environmen{s and/or levels of performance, it is necess-
ary that appropriate numerical values be assigned to

adequately the mechanical behavipur of the
mounted product and its components.

these para TS, this International Standard only estab-
lishes how such an evaluation can be carried out and does
not specify the numerical values that could or should be
assigned in any specific instance.

2 Normative reference

The following standard contains provisions which,
through reference in this text, constitute provisions
of this International Standard. At the time of publi-
cation, the edition indicated was valid. All standards
are subject to revision, and parties to agreements

{2)  "An aggregate of matter comprising a defined
configuration of mass, stiffness and damping.”

[ISO 2041:1930, 1.22]

3.2 shock resistance: The ability of a system to
withstand shock excitation, given in terms of a
specified shock pulse, where the system responses
do not exceed specified acceptable limits.

NOTE 3  In quantitative terms, the shock resistance of
a system is stated as the shock input values the system
can accept without the responses of the system exceeding
defined (quantified) acceptable limits.
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3.3 (shock) performance criteria: The set of system

response valu

es or other functional criteria which

define the acceptable performance of a product or
human subject when it is subjected to impact load-

ing.

NOTE 4 These response values may include stress,
strain, strain rate and/or human tolerance.

3.4 modal analysis: An analytical procedure by
which the response characteristics of a product or
human subject are established (for example stress

3.10 impact: “A single collision of one mass with
a second mass.”

[ISO 2041:1990, 3.5]

3.11 impulse

“(1) The integral with respect to time of a force
taken over the time during which the force is ap-
plied.

(2) For a constant force, the product of the force

and strain in
shock resistar

the elements of a structure or the
ce of a human subject) using quanti-

tative measurgs of the parameters of mass, stiffness
and damping fassigned to each mode of a group of
the lowest mogdes into which the model of a product

or human sub

3.5 spectruny:

ect is partitioned.

“A description of a quantity as a

function of frequency or wavelength.

NOTE — The term ‘spectrum’ may be used to signify

a continuous
extent, which

ange of components, usually wide in
have some common characteristics,

for example adio-frequency spectrum.”

[1SO 2041:199(

NOTE S In the
given as a func{

, 1.56]

field of mechanical shock, spectra are not
ion of wavelength.

3.6 mechani¢al shock; shock: “A sudden changge

of force, posif
cites transient

ion, velocity or acceleration thaj-‘ex=
disturbance in a system.

NOTE — The change is normally considered sudden

if it takes plac
the fundament

[1SO 2041:199(

acterized by g

in a time that is short cempared with
| periods of concern

,3.1]

sudden riseand/or sudden decay of

3.7 shock puLse; “A form<ef-shock excitalion char-

a time-depend
or velocity).

nt parameter (such as motion, force,

NOTE — A deperiptive mechanical term should be

amd-thetmedurimg-whiththeforce s applied.
NOTE — In shock usage, the time-interval is short.”
[1SO 2041:1990, 3.6]

3.12 bump: “A form of shock which is
many times for test purposes.”

repeated

[1SO 2041:1980, 3.7]

3.13 ideal shock pulse: “A shock pulse that is de-
scribed by asimple time function.”

[1SO 2044:1990, 3.8]

3.144" nominal shock pulse; nominal plulse: “A
specified shock pulse that is given with |specified
tolerances.

[NOTE 1] ‘Nominal shock pulse’ is a gengric term.
It requires an additional modifier to make jts mean-
ing specific, for example nominal half-sihe shock
pulse, or nominal sawtooth shock pulse.

[NOTE 2] The tolerances of the nominal plilse from
the ideal may be expressed in terms of pulde shapes
(including area), or corresponding spectra.’

[1SO 2041:1990, 3.16]
3.15 nominal value of a shock pulse: “A |specified

value (for example peak value or duratipn) given
with specified tolerances.”

[1SO 2041:1990 3 17]

used, for example acceleration shock pulse.”

[1SO 2041:1990, 3.2]

3.8 applied shock; shock excitation: “An excitation,
applied to a system, that produces a mechanical

shock.”

[1SO 2041:1990, 3.3]

3.9 shock motion: “A transient motion causing, or

resulting from,

a shock excitation.”

[ISO 2041:1990, 3.4]

3.16 duration of shock pulse: “The time-interval
between the instant the motion rises above some
stated fraction of the maximum value and the instant
it decays to this fraction.

[NOTE 1] This definition is limited to pulses of sim-
ple shape.

[NOTE 2] For measured pulses, the ‘stated fraction’
is usually taken as 1/10. For ideal pulses, it is taken
as zero.”

[1SO 2041:1990, 3.18]
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3.17 rise time; pulse rise time: “The interval of time
required for the value of the pulse to rise from some
specified small fraction of the maximum value to
some specified large fraction of the maximum value.

NOTE — For measured pulses, the ‘specified small
fraction’ is usually taken as 1/10 and the ‘specified
large fraction’ as 9/10. For ideal pulses, the fractions

are taken as 0 and 1,0.”

[ISO 2041:1990, 3.19]
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4 Information to be supplied by the user
of the analysis

4.1 General

The person carrying out the analysis (the supplier)
shall be furnished with sufficient quantitative infor-
mation on the product or human subject, and on the
shock, environmental conditions and performance
criteria so that he can select, in concert with the
user, appropriate methods and models for carrying

3.18 pulse drop-off time; pulse decay time: “The

interval of {
drop from
maximum

ime required for the value of the pulse to
some specified large fraction of the
alue to some specified small fraction of

the maxim@im value.

NOTE — Fd
fraction’ is
large fracti
are taken 3

[1SO 20411

r measured pulses, the ‘specified small
usually taken as 1/10 and the ‘specified
bn’ as 9/10. For ideal pulses, the fractions
s 0and 1,0.”

990, 3.20]

3.19 shodk testing machine: “A device for subject-

ing a syst
chanical sh

[1SO 2041:1

em to controlled and reproducible me-
ock.”

990, 3.23]

3.20 shodk response spectrum

“(1) Thed
shock of a

escription of the responses to anapplied
series of systems of a specified type as

a function o¢f their natural frequencies.
(2) As useéd in the field of mechanjcal shock, an
expression| that approximates (the™ maximum re-

sponses (d
an applied
degree-of-f
natural fred

isplacement, velocity,or acceleration) to
shock of an assembly of linear single
reedom systemsy~as a function of their
uencies.

furnished depends upon the type ofyaegeptance cri-
hod. This in-
agreement

out the analysis. The essential mforrPation to be

teria and on the proposed analysis)me
formation is generally detailed ‘in ar
between the customer and supplier.

A list of the minimum Jinformation neefled to make
an analytical assessment of the ability] of a system
to withstand shock‘should be given, eyen if only a
simple analysis is~required.

4.2 Genepal'description of the proguct

A briegfsdescription of the mechanical properties of
the product or human subject should pe given, in-
chiding appropriate elements of ity supporting
structure. The description may be taken from

a) drawings, showing overall dimensiofns, structural
details, materials and material [composites,
component connections and the drientation of
components relative to each other pr to a com-
mon reference;

b) the characteristics of the supporting structure to
be used with the product, includiphg how and
where it is mounted (for example, with hold-down
bolts or on resilient mountings on & ship or ve-
hicle, or in a building or container)|and the de-
sign properties and dimensions of tHe supporting
structure, including its static andfor dynamic
load capacity;

[NOTE 1] |Shock response spectrum' is a generic

term. It requires.an additional modifier to make its c) the characteristics of connections|and attach-
meaning specific, for example acceleration or ve- ments, including the stiffness and acceptable
locity or digptacement shock response spectrum. deflection amplitudes of connecting pipes, tubes,

[NOTE 2] If the amount and kind of damping of the
systems are not given, they are assumed to be zero.
Unless otherwise indicated, the responses are
maximum absolute values irrespective of sign and
the time at which the maximum occurs. This is often
referred to as a maximum shock response spec-
trum. If reference is made to other types of shock
response spectra, this shall be stated.

[NOTE 3] It should be noted that the concept of a
shock response spectrum is not fully consistent with
the definition of spectrum” (see 3.5).

[1SO 2041:1990, 3.24]

cables and other resilient devices that would be
“present under normal operating conditions, and
the installation clearances;

d) a description of the mass distribution of the
product, in terms of its main elements and, if
possible, the moments of inertia of the product
and of its main elements (in each case the
method by which these data were obtained shal!
be given);

e) relevant data obtained from analysis and tests
performed earlier, including the results of shock
tests, static-load analyses, information related to
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the shock capability and other dynamic proper-
ties of structural elements;

f) information on any limitations on transporting
and/or operating the product.

4.3 Shock environment conditions

The shock environment to be considered as input

data for the analyses shall be stated clearly in terms
of its severity, its direction, the points where it is

b) Functional performance criteria may include ac-
ceptable deviations from normal function during
application of the shock. In some cases, it may
not be necessary or required that the product
should function during application of the shock.
Normally, it is required that the product be ca-
pable of functioning without deviation from its
norms after having been subjected to shocks.

c) Safety requirements may be appropriate for hu-
man subjects and for products that contain ex-
plosives, dangerous liquids, etc., or if secondary

applied to thgproduct ard-its—or tgirs):

suitable fgr the analyses. If applicable, standards
based on {dealized pulse shapes or design shock
spectra should be used. For idealized pulse
shapes, the shape of the pulse, its duration and
its maximpm amplitude (i.e. its maximum value
of accelernation, velocity or displacement) shall
be stated.|For other pulse shapes, the time his-
tory of thg pulse (i.e. acceleration as a function
of time) is| useful for most analyses. If available,
additional| information (such as mean-square
spectra) should be furnished. When the applied
shock is |jassociated with a test in which the
product is|dropped, the drop height and the type
of surface|onto which the product is dropped (for
example, |[ground, concrete or into water) shall
be stated.

a) The sever%(y of the shocks shall be given in terms

b) The direction(s) in which the shocks are applied
shall be gtated, relating them to the horizontal
and vertiqal planes of the object to which ;the
product is|to be fastened.

c) Normally, |the points on the product)which re-
ceive the ghock are the attachment (feet). When
the shocKs are associated with ‘dropping the
product, the surfaces or corngrsthat may receive
the shock[shall be stated.

d) The origin[s) of the daia shall be stated.

NOTE 6 Thoge carrying'out the analyses are often suf-
ficiently familigr with technical developments in the area
of shock measyirements to serve as monitors of the cor-
rectness of the|data furnished by a customer.

damage or hazards may be caused_by malfunc-
tions of the product attributable to shotks applied
during a test.

5 Information to be furnished in a report
by the person carrying, out the analysis

5.1 Description of the selected math¢matical
model and method of analysis, and a fationale
for the selection

The mathematical model selected by the person
carrying out the analysis shall be given with a ra-
tionaleJor its selection. The model should show the
essential features of the mass, stiffness gnd damp-
ing characteristics of the product in sufficient detail
t0 make the usefulness of the selected mpdel clear.
The numerical values assigned to the mass,
stiffness and damping characteristics of the model
of the product and/or its main elements |should be
sensibly self-contained, internally consigstent and,
where possible, their relationship to the[geometry
and materials of the actual product should|be shown
and explained.

The points on the model at which the shock
excitation will be applied should be |identified
clearly. The environment of the product| model in
which the shock resistance of the prodyct will be
tested (i.e. the mechanical characteristics of the
foundation and substructure, if any, to which the
product model is attached) should be stated clearly.
Any interactions of the product with its environment

should be stated and explained, particlilarly any
interactions which could affect the opetralion of the

4.4 (Shock) performance criteria

Failure or acceptance criteria associated with the
product and/or its structural elements shall be
stated. They may be expressed in terms of accept-
able responses, functional performance criteria and
safety requirements.

a) Acceptable responses may be related to stress
levels, deflections, forces, plastic deformation,
etc. If different responses can be accepted by the
product at different points, this shall be stated.

product in the stated environment during or after the
shock test.

The method of analysis shall be described in terms
of the procedural requirements for conducting the
analysis, the assumptions on which the method is
based and the form and substance of the numerical
results the method will generate. Any limitations on
the analysis imposed by the model or assumptions,
or both, shall be stated and explained.

The rationale is given to explain the reasons for
making each choice related to the product model
and its environment and to explain each decision
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related to the assumptions which limit the scope of
the analysis. Where possible, the explanations of-
fered in the rationale should be documented by ref-
erences to published technical literature. The
rationale should be written in a manner, style and
at a level readily understandable by the customer’s
engineers who will interpret the assessment.

Where possible, single-figure, go/no go measures
of merit should be used in the assessment of a pro-
duct’s resistance to shock. If the assessment re-
quires the interpretation of a profile of inputs and/or

ISO 9688:1990(E)

and sources of this information should be appended
to the assessment. The supplier of the analysis
should anticipate that he may be requested to inter-
pret his assessment in terms of these acceptable
levels of performance for the specific product in-
volved.

6 Responsibility for design changes
resulting from interpretation of an
assessment

responses|this should be expiained.

5.2 Acceptable levels of performance

This Internptional Standard does not specify or sug-
gest what |should be acceptable response and/or
performange levels of products and human subjects
to shock {nputs. If such information is available
elsewhereJ either in other standards or in accepted
and recoghized professional technical literature
known to the supplier of the analysis, the availability

Any design changes that result from-interpretations
of an assessment (see 5.2) are the\sple responsi-
bility of the user of the analysjs-{presumably, the
manufacturer of the product).cSuch degign changes
could result in physical changges in the|product with
corresponding changes imthe product model and/or
the numerical values of'mass, stiffness pnd damping
assigned to its main-elements. Any cpntinuing as-
sessment which takes these changes [into account
should be the subject of separate negotiation and,
perhaps, a pew contractual arrangemlent between
the supplienand user of this new assegsment.
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