INTERNATIONAL ISO
STANDARD 18431-4

First edition
2007-02-01

Mechanical vibration and. shock — Signal
processing —

Part 4:
Shock-response spectrum analysis

Vibrations et chocs mécaniques — Traitement du signal —

Partie 4: Analyse dusspectre de réponse aux chocs

_— Reference number
= — ISO 18431-4:2007(E)

© SO 2007


https://standardsiso.com/api/?name=cd9f3bdf57b541dd8b5edba07b9d0fc8

ISO 18431-4:2007(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© 1S0 2007

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © IS0 2007 — All rights reserved


https://standardsiso.com/api/?name=cd9f3bdf57b541dd8b5edba07b9d0fc8

ISO 18431-4:2007(E)

Contents Page
0 =TT o T o iv
L0 oo 11T o o v
1 — Scope e ———— 1
2 Normative references ... e By b 1
3 Terms and definitions........cccociiiinii e b e 1
4 Symbols and abbreviated terms ...........cccccciiiiiiiccccscrrr e B L nnne e e e e 2
5 Shock-response spectrum fundamentals .............cccccrmiiiiiiccciscrinrnnn s Mo e e e e s s s ssmmere e e s sbsssssssmnnneens 2
6 Shock-response spectrum calculation.............cccccevciiiiiiinicccscerrr s Nancere e e e s sssseeee e e b ssssssmnnnenas 7
7 Sampling frequency considerations...........cccceiiiiinriinniin e b 12
Bibiography ... T e h e 16

© IS0 2007 — All rights reserved iii


https://standardsiso.com/api/?name=cd9f3bdf57b541dd8b5edba07b9d0fc8

ISO 18431

-4:2007(E)

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
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Introduction

In the recent past, nearly all data analysis has been accomplished through mathematical op

erations on

digitized data. This state of affairs has been accomplished through the widespread use of digital signal-
acquisition systems and computerized data processing equipment. The analysis of data is, therefore, primarily

a digital signal-processing task.

The| analysis of experimental vibration and shock data should be thought of as a part ofcthe
experimental mechanics that includes all steps from experimental design through data eva
undrstanding.

Historically, the shock-response spectrum was+initially used to describe transient phenomena,
call¢d shocks.

Resgponse analysis in general is a methedto characterize a vibration or shock when other frequer
methods are inadequate. This can be‘the case, for instance, when different kinds of vibration are
Spectrum analysis based on the_Fourier Transform produces spectra that are incompatible when
analyzed are of different kinds,such as periodic, random or transient.

Thel typical use of a shockyresponse spectrum is to characterize a dynamic mechanical enviro
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INTERNATIONAL STANDARD ISO 18431-4:2007(E)

Mechanical vibration and shock — Signal processing —

Part 4:
Shock-response spectrum analysis

1 |Scope

Thig part of ISO 18431 specifies methods for the digital calculation of a shock-response spectrum (SRS) given
an acceleration input, by means of digital filters. The filter coefficients for different.types of shog¢k-response
spegtra are given together with recommendations for adequate sampling frequency?

NOTE The definition of a shock-response spectrum given in 1ISO 2041, impli€s-that a shock-response $pectrum can
be defined in terms of an acceleration, velocity or displacement transfer functian. This part of ISO 18431 dgals only with
accgleration input.

2 |Normative references

Thel| following referenced documents are indispensabléCfor the application of this document| For dated
references, only the edition cited applies. For undated references, the latest edition of the|referenced
docpment (including any amendments) applies.

ISO[2041, Vibration and shock — Vocabulary

3 |Terms and definitions
Forlthe purposes of this documeént; the terms and definitions given in ISO 2041 and the following apply.

31
maximax shock-response spectrum
SR$ where the maximum absolute value of the response is taken

3.2
nedative shock-response spectrum
SR$ wheréthe maximum value is taken in the negative direction of the response

3.3
positive shock-response spectrum
SRS where the maximum value is taken in the positive direction of the response

3.4
primary shock-response spectrum
SRS where the maximum value is taken during the duration of the input

3.5

residual shock-response spectrum
SRS where the maximum value is taken after the duration of the input

© 1SO 2007 — All rights reserved 1
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4 Symbols and abbreviated terms

a(s) Laplace transform of acceleration (m/sz)-s
c damping constant in SDOF system N/(m/s)
d(s) Laplace transform of displacement m-s

fu natural frequency for SDOF system Hz

Js sampling frequency, sampling rate Hz

G(s) transfer function in s domain

H(z) transfer function in z domain

k spring constant in SDOF system N/m

m mass in SDOF system kg, N/(m/sz)
0 Q-value, resonance gain

s Laplace variable, complex frequency rad/s
SDOF single-degree-of-freedom system

SRS shock-response spectrum

T sampling time interval S

v(s) Laplace transform of (vibration) velocity (m/s)s
z z-transform variable

a digital filter denominator coefficient

p digital filter numerator coefficient

o, angular natural frequency rad/s

I

damping ratio, fraction of critical damping

5 Shock-response spectrum fundamentals

5.1 Introduction

In this part|of ISO 18431, a sheck-response spectrum is the response to a given acceleration of a set of
single-degree-of-freedom, SDOF; mass-damper-spring oscillators. The given acceleration is applied to| the
base of all pscillators, andsthe’maximum responses of each oscillator versus the natural frequency make up
the spectrun; see Figure -

Each singlerdegree*of-freedom system in Figure 1 has a unique set of defining parameters; mass, m, damping
constant, ¢| andi{spring constant, &. The parameters of the system are the conventional ones, given in
Clause 4.

A given acceleration, a4, is applied to the base. If the response is measured as acceleration, a,, then the
transfer function, G(s), for a SDOF system is given by Equation (1):

G(S):az(s): 2cs+k 1)
ay(s)  ms®+ces+k

2 © 1SO 2007 — All rights reserved
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where s is the Laplace variable (complex frequency) in radians per second. The single-degree-of-freedom
system is normally characterized by its (undamped) natural frequency, f,, in hertz, as given in Equation (2),

and

NOT
spe

The)

with

the resonance gain, Q (Q-factor), as given in Equation (3):
1 |k
=20\

Jikm

Cc

0=

()

®)

trum. The combination of m, ¢ and £ differ§_ among the systems.

transfer function may then‘be rewritten, as given in Equation (4):

WS
Ll

o) =28 0 "

ay(£) 52 +—w”S e
n

;=27 f, being the angular natural frequency in radians per second.

Ca |___| ka ¢ |___| Ky, ke
a
nput motion
response motion
E The responses of a set of single-degree-of-freedom (SDOF) mechanical systems define the shock-response

Figure 1 — Responses of a set of single-degree-of-freedom (SDOF) mechanical systems

The transfer function is given versus frequency in Figure 2, where the natural frequency is set to 1 Hz and

0=

NOTE

10 as an example. Note the gain of Q at resonance.

approximately at f, Hz. The larger the Q-value, the more accurate the approximation.

© 1SO 2007 — All rights reserved
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Figure 2 — Transfer function of SDOF system as function of frequency

Instead of the resonant gain, Q, the damping ratio,, fraction of critical damping, ¢, may be used. ¢ is qgften

expressed in

“percent of critical damping,” as given(in Equation (5):

C
~ 2km

Lritical damping, ¢, is defined as ¢y = 2vkm.

¢ = 2—£
NOTE (
To calculat

¢ the shock-response spectrum, the acceleration signal to be analyzed i

®)

s applied to the base [of a
dted;
fIna

(or damplng) For a common Q value of 10, correspondlng to a damplng ratio of 5%, a minimum of six
frequencies per octave, corresponding to 20 frequencies per decade, is recommended. A finer resolution can
be warranted if a smaller value of damping is assumed.

As an example, Figure 3 shows the (maximax) shock-response spectrum for a half-sine pulse with duration
11 ms and amplitude of 10 g,,.

© 1SO 2007 — All rights reserved
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maximax acceleration SRS, expressed in g-values

Figure 3 — Shock-responsé-spectrum for a half-sine pulse
with amplitude 10 g,5’duration 11 ms and O = 10

Variations of the shock-response spectrum

alculated. Variations, (of) the basic shock-response spectrum are created when other res
Sidered, such as relative velocity or relative displacement. Apart from that, different maximum
tonsidered, such.as the maximum value (largest positive value) or the minimum value (largg
e). If the maximum is taken in the positive direction, the spectrum is called a positive shoq
ctrum. If theymaximum is taken in the negative direction, the spectrum is called a negative shoq
ctrum. [£5the maximum absolute value is taken, the spectrum is called a maximax sho
Ctrums

In s

OF system
ponses are
values may
st negative
k-response
k-response
k-response

pme cases, a distinction is made between the maximum value occurring during the duration

of the input

(especially if it has a pulse character) and the maximum value occurring after the pulse. The former is called
primary shock-response spectrum while the latter is called residual shock-response spectrum.

To avoid confusion, the type of spectrum calculated should be stated, for instance “relative-displacement
maximax response spectrum.”
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5.2.2 Relative-velocity response spectrum

When the response of the SDOF system is calculated as relative velocity between the SDOF system mass
and the base, the transfer function becomes as given in Equation (6) or (7):

VolS)—Vq\S —ms
G(s) = 2( ) 1( ): > (6)
a4(s) ms< +cs+k
or
G(S):Vz(b)—v—l(b): =3 7)
a1(s) s+ % +0?
5.2.3 Relative-displacement response spectrum
When the nesponse of the SDOF system is calculated as relative displacement between the SDOF sydqtem
mass and the base, the transfer function becomes as given in Equation (8) or (9):
Gls) =2 ls) o (8)
aq(s) ms< +cs+k
or
a1(s) s+ ?” + 0P
5.2.4 Pseudo-velocity response spectrum
The relative-displacement response may be~muiltiplied by the angular natural frequency, w,, to creafe a
pseudo-velgcity response. In this case, the transfer function becomes as given in Equation (10) or (11):
Gls) =2 ls) e 10)
aq(s) msF+cs+k
or
Gls) =20, o 11)
a1(s) s2+ 5% 4 2
6 © 1SO 2007 — All rights reserved
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5.2.5 Relative-displacement response spectrum expressed as equivalent static acceleration

The relative-displacement response may also be multiplied by the angular natural frequency squared, o

2

n?

to

create an equivalent static acceleration response. In this case the transfer function becomes as given in

Equation (12) or (13):
2
Gls) = do(s) d1(s).a)3 _ men (12)
a4(s) ms<+cs+k
or
_ 2
G(S)Z dZ(S) d1(S)C£)3 _ a)a)n (13)
a4(s) 52+ Q”S+a)3

6 [Shock-response spectrum calculation
6.1| Introduction
To [calculate the shock-response spectrum, an input accelerationsignal is fed to a set of digital filters
appfoximating the transfer functions defined in Clause 5. The’ acceleration time signal shall pe properly
recgrded. This means that apart from all the mechanical considerations (accelerometer moupting, etc.),
adepuate anti-aliasing protection is used. This part of ISO 18431 deals with the processing of the signal when
it exists as a digital record, sampled with a sampling ffequency of f; Hz, corresponding to a tjme interval
between samples of T's:

T = 1 (14)

Is
There are several methods to design a-digital filter from a given analogue transfer function. The method stated
in this part of ISO 18431 is the Ramp Invariant Method [6]. [7]. Algorithms to calculate the filter cogfficients for
the Hifferent response types definedvin 5.2.2 to 5.2.5 are given in 6.2 to 6.6.
Thel digital filters corresponding to different SDOF system responses are second-order filters, with|the general
z-transform expression as\given in Equation (15):
Bo+piz + By 2
H(z)= 1 > (15)
1+(Z1 -z +tay -z

Thel filter expression corresponds to a different equation describing how to calculate the response time series,
»,» Whenthe input acceleration time series, x,, is as given in Equation (16):

Tu =0 Xn T PTG AT P 2 O VA - %2 02 (16)

It should be noted that, in the expressions for the digital filters corresponding to different kinds of responses,
the denominator (alpha coefficient) is always the same. The difference comes in the beta coefficients.

6.2

Sampling frequency:

Sampling time interval:

Filter coefficients for absolute acceleration response

Js in hertz

1 .
T =—, in seconds
S

© 1SO 2007 — All rights reserved
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Natural frequency: Jp in hertz

Natural angular frequency: o, =2nf,, in radians per second

Resonance gain: 0
Transfer function: G(s)
w,s 2
+o
Gs)=f2l Q0 -
ai(s) 2 % + o2
Digital filter

-1 2
PotBPrz +Poz
2

() - Py
1+a1~z +O.’2‘Z

where the digital filter coefficients are defined as follows:

s
S
Il

- exp(—4)-sin(B)/ B
B1 = 2pxp(—A)-{sin(B)/ B - cos(B)}
P2 =exp(—24)—exp(-A4)-sin(B)/ B

aq =—pexp(—A4)-cos(B)

ao =exp(—24)
where
A o T

20
B=owl|T M1 1

40?7

6.3 Filter coefficients forrelative-velocity response

Sampling frequency: Js» in hertz

Sampling time interval: T= i in seconds
S

Natural fregucllby. T mtrertz

Natural angular frequency: o, =2nf,, in radians per second

Resonance gain: (0]
Transfer function: G(s)
G(s) = 228 =vls) w‘i
a4(s) s+ jl +0?
8

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=cd9f3bdf57b541dd8b5edba07b9d0fc8

Digital filter:

-1 2
Bot+tPiz +Poz

H(z)= 5

1+a1'z_1+a2~z_

where the digital filter coefficients are defined as follows:

{‘1 +exp(—4)-cos(B) +M}

ISO 18431-4:2007(E)

Bo =
w, T | 402 —1
1 2exp(—4)-sin(B
fr=—y— 1~ exp(-24)- 22PLAL )
oy - T J40? -1

exp(-24) - exp(-4)-cos(B) + exp(-4)-sin(B)

1
wf T \40? -1

aq =—2exp(—A4)-cos(B)

o9 =exp(—24)

where

4= On -T

20
B=w, T 1—%
40
6.4| Filter coefficients for relative-displacement response
Sampling frequency: Js in hertz
Sampling time interval: = i in seconds
S

Natpral frequency: f,» in hertz
Natural angular frequency: o, =2=nf,, inradians per second
Resonance.gain: 0
Transfer function: G(s)

G(S):dZ(S)_d'I(S): -1

a1(s) S2 + % + a)f
Digital filter:
Bo+Piz " +py 22
H(z)=

1+0.’1‘Z_1+(12'Z_2

© 1SO 2007 — All rights reserved
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where the digital filter coefficients are defined as follows:

1 1-exp(—4)-cos(B .
Bo = 3 { P(=4) ( )—q-exp(—A)-sm(B)—a)nT}
w, T 0
By = 31 ~{2exp(—A).cos(3).wn .T-M+2q.exp(—A)-sin(3)}
w, T
Po=—5— —exp(—2A)~(a)n ~T+l]+ exp(=4)-cos(B) —q-exp(—A)~sin(B)}
w, T 0 Q
o4 = —Pexp(—4)-cos(B)
oy =exp(—24)
where
o) T
=
B = T -1 !
= a)n . . _E
7172_1
q= 2P
1
1_72
40
6.5 Filter coefficients for pseudo-velocity response
Sampling frequency: Js» in hertz
Sampling time interval: T = i in seconds
S
Natural frequency: Jp N hertz
Natural angular frequency: @,~="2n f,,, in radians per second
Resonance|gain: (0]
Transfer fupction: G(s)
Glo)=f 2 ) o O
AR §° 40 +a)j
Digital filter:

H(z)=

10

1 2
Pot+tPrz +Poz
2

1+a1-zf1+a2~zf

© 1SO 2007 — All rights reserved
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where the digital filter coefficients are defined as follows:

Bo = 21 .{1—exp(—A)«COS(B) —q-exp(~4)-sin(B)- o, -T}
;T 0

B = 21 T ’{ZeXp(_A)'COS(B)'% 'T—M+zq~exp(—A)-sin(B)}
@y -

fo = a)21~T -{—exp(—2A)-[a)n -T+éj

n

N exp(-4)-cos(8)
0

q-exp(—4)- sin(B)}

aq =—-2exp(—A)-cos(B)

oy =exp(-24)
where
4=On -T
20
B=w,-T- 1—%
40
%_1
20
q:—
1
1_72
40

6.6| Filter coefficients for relative-displacement response expressed as equivalent|static
acdeleration

Sampling frequency: Jo dnvhertz

Sampling time interval: T = i in seconds
S

Natyral frequency: J,» in hertz

Natural angular_frequency: o, =2nf,, inradians per second

Resonancégain: 0
Tranpsfer function: G(s)
dy(s)=di(s) 5 —of
G(s) = o = 2
a1(s) S2 +a)ns+a)2
Q n
Digital filter:

H(z)= Bo+ Bz + B '2;2

1+a1~zf1+a2-zf

© 1SO 2007 — All rights reserved 11
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where the digital filter coefficients are defined as follows:

5 1 ‘{1—exp(—A)~cos(B) ~

0 q-exp(—4)-sin(B)- m, .T}

) (2 T
_1—exp(-24)

+2q- exp(—A)-sin(B)}

n

B2 = L 7 ~{—exp(—2A)(a)n ~T+é]+ exp(—A)Q~ cos(5) —q-eXp(—A)'Sin(B)}

w, -

B1= 1 T '{Zexp(—A)mS(B)wn T

o4 = —Pexp(-4)-cos(B)
ao =exp(—24)

7 Sampling frequency considerations

The ramp ipvariant algorithm contains a bias errar,which is dependent on the sampling frequency. The efror,
& as a fungtion of frequency, f; is given by the following equation:

2
g(f):1—{sin{7]/77} 17)

A plot of thg bias error is given.in Figure 4.

12 © 1SO 2007 — All rights reserved
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Figure 4 — Bias error.in.ramp invariant algorithm

re 4 shows that the algorithm can be used only for frequencies well below the sampling freq
Nt seem to be a serious problem, but to;make the maximum estimation simple, a high samplin
| be used. If the maximum samplgis'selected as an estimate of the “true” maximum (which

be combined as shown in Figure 6.

uency. This
g frequency
can appear

veen samples), the maximum error’is as shown by the plot in Figure 5. In the worst case, th¢ two errors
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