BS EN 16603-32-11:2014

Space engineering — Modal
survey assessment

[
bSlo ..making excelleDoewriembst.

Document Sharing Hub

Full document details: BS EN 16603-32-11:2014


http://www.avadocuments.com/doc/bs-en-16603-32-11-2014
http://www.avadocuments.com/doc/bs-en-16603-32-11-2014

BS EN 16603-32-11:2014 BRITISH STANDARD

National foreword

This British Standard is the UK implementation of EN
16603-32-11:2014.

The UK participation in its preparation was entrusted to Technical
Committee ACE/68, Space systems and operations.

A list of organizations represented on this committee can be
obtained on request to its secretary.

This publication does not purport to include all the necessary
provisions of a contract. Users are responsible for its correct
application.

© The British Standards Institution 2014. Published by BSI Standards
Limited 2014

ISBN 978 0 580 83985 6
ICS 49.140

Compliance with a British Standard cannot confer immunity from
legal obligations.

This British Standard was published under the authority of the
Standards Policy and Strategy Committee on 30 September 2014.

Amendments issued since publication
Date Text affected

Documents

Document Sharing Hub

Full document details: BS EN 16603-32-11:2014


http://www.avadocuments.com/doc/bs-en-16603-32-11-2014
http://www.avadocuments.com/doc/bs-en-16603-32-11-2014

BS EN 16603-32-11:2014
EUROPEAN STANDARD EN 16603-32-11

NORME EUROPEENNE
EUROPAISCHE NORM August 2014

ICS 49.140

English version

Space engineering - Modal survey assessment

Ingénierie spatiale - Evaluation des modes vibratoires Raumfahrttechnik - Modale Prifungsbewertung

This European Standard was approved by CEN on 23 February 2014.

CEN and CENELEC members are bound to comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving
this European Standard the status of a national standard without any alteration. Up-to-date lists and bibliographical references concerning
such national standards may be obtained on application to the CEN-CENELEC Management Centre or to any CEN and CENELEC
member.

This European Standard exists in three official versions (English, French, German). A version in any other language made by translation
under the responsibility of a CEN and CENELEC member into its own language and notified to the CEN-CENELEC Management Centre
has the same status as the official versions.

CEN and CENELEC members are the national standards bodies and national electrotechnical committees of Austria, Belgium, Bulgaria,
Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France, Germany, Greece,
Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia,
Slovenia, Spain, Sweden, Switzerland, Turkey and United Kingdom.

CENELEC

CEN-CENELEC Management Centre:
Avenue Marnix 17, B-1000 Brussels

© 2014 CEN/CENELEC All rights of exploitation in any form and by any means reserved Ref. No. EN 16603-32-11:2014 E
worldwide for CEN national Members and for CENELEC
Members. Documents

Document Sharing Hub

Full document details: BS EN 16603-32-11:2014


http://dx.doi.org/10.3403/30288232U
http://www.avadocuments.com/doc/bs-en-16603-32-11-2014
http://www.avadocuments.com/doc/bs-en-16603-32-11-2014

BS EN 16603-32-11:2014

EN 16603-32-11:2014 (E)

Table of contents

o1 =TT o 5
LIRS T o T 6
2 Normative references.........cccccrnrrnnrrrnns i ————— 7
3 Terms, definitions and abbreviated terms...........coom e, 8
3.1 Terms from other standards..............ooooir i 8
3.2 Terms specific to the present standard ..., 8
3.3 Abbreviated termsS. ... 22

K 20 S (o] =1 { o o RS 23

4 General objectives and requirements...........cccoiiiiririin——— 25
4.1 Modal survey test ODJECHIVES .........uuiiiiiii e 25
g g B O 1Y =Y V1= PP 25

4.1.2  GENEIAl..cco i 25

4.1.3  Verification of design freqQUEeNCY .........ccoooeiiiiiiiiiiiic e, 25

4.1.4  Mathematical model validation ... 26

4.1.5 Troubleshooting vibration problems .............cceeiiiiiiiiiiiiiiiiiiiiiiee 26

4.1.6  Verification of design modifications .............ccccccveeiiiiiiiiicie 26

4.1.7  Failure deteCtion .........ooouuiiiiii i 27

4.2 Modal survey test general reqUIremMents ...............ueuueueiiiiiiiiiiii s 27
421 eSSt SEIUP oo 27

4.2.2 Boundary CoNditioNS...........oiiiiiiiiiiiiiiei e 28

4.2.3  Environmental conditionsS ..........cooviiiiiiiiiiii e 28

424 Testfacility certification ............coooiiiiiiiiii 28

4.2.5  SAlOlY .o ———————— 29

4.2.6  TeSt SUCCESS CHEEIIA ...coeeeiiiiiie e e 29

5 Modal survey test procedures..........ccommeciiimmmeniiiirner s 31
5.1 GONEIAL ... s 31
5.2 TestPlanning .........oooo i 31
521 Testplanning .....ooouuuiiiiiiii e 31

5.2.2  Pre-test activities........cooooveiiiiii i 33

. Documents

Full document details: BS EN 16603-32-11:2014

Document Sharing Hub


http://www.avadocuments.com/doc/bs-en-16603-32-11-2014
http://www.avadocuments.com/doc/bs-en-16603-32-11-2014

BS EN 16603-32-11:2014
EN 16603-32-11:2014 (E)

5.2.3 TesSt actiVItIeS ....coeeeiiii e 33

524  Post-test activities .......coooeeiiii i 34

5.3 TSt S U oo ——— 34
5.3.1 Definition of the test set-Up.........ooo i, 34

5.3.2 Test boundary conditions ...........ccoooiiiiiiiiiiiii e 34

5.3.3 Testinstrumentation..............oooeeii i 36

5.3.4  EXCHAtioON Plan......ooueeii e 37

5.3.5 Test hardware and software..............ooooeiiiiiiiii e 38

5.4 TSt PEIfOrMANCE. .. ..ot a e eaees 38
o2 = 38

5.4.2  EXcitation SyStem ... 38

5.4.3 Excitation Signal.........ccooouiiiiiii e 39

5.4.4  Linearity and structural integrity...........ccooi i 40

545  MeasUremMeNt EITOMS .....cccoiiiiiiiiiee et ea e e e e e e e e e e e e e e eeeennnnns 40

5.5 Modal identification Methods ...........coooiiiiiiiiii e 41
5.6 Modal parameter estimation methods............coooviiiiiii i, 42
o A == e - - PP 42
571  Quality CheCKS......ccooiiii 42

5.7.2 Generalized parameters..........cccoiiieiiiiiiiiiie e 44
573 Effective MmasSes........ooooiiiiiiiiii 44

5.7.4 Data storage and delivVery ... 45

5.8 Test-analysis Correlation.............oo oo 46
5.8.1 U] o o L U 46

5.8.2  Criteria for mathematical model quality .................cccc 47

6 Pre-test analysis ........ccciiiiiiiiiiiieeccccis s e r e nnnn 49
LT B U4 oTo F-T= YT PR 49
6.2 Modal survey teSt FEM ........oooiiiiiiiii 49
B.2.1  PUIPOSE ... e e e e e e 49

6.2.2 Reduction of the detailed FEM ... 50

6.3 Test analysis Model (TAM) .....cooiiiiiiiii et 52
6.3.1 PUIDOSE . 52

6.3.2  TAM QCCUIACY ....ovvtiteiii e ee ettt e et e e e e e e e e et e e e e e e e e eaa b e e e eeaaaeeanees 53

6.3.3  Measurement point plan (MPP).........cuiiiiiieee e 53

6.3.4  Test PrediCtioNS........ i 54

6.3.5  Test fixture participation ............cccooiiiiiiii e 54

LG o o U g 1= o1 =1 1T o I 55
6.4.1 FEM documentation ...........oouiiii i 55

. Documents

Document%haring Hub

Full document details: BS EN 16603-32-11:2014


http://www.avadocuments.com/doc/bs-en-16603-32-11-2014
http://www.avadocuments.com/doc/bs-en-16603-32-11-2014

BS EN 16603-32-11:2014
EN 16603-32-11:2014 (E)

6.4.2 TAM documentation ...........oooiiiiiii e 55

Annex A (informative) Excitation signals.........cccooiiiiiiiiiiniiniiii, 57
NN B O V=T 57
A.2  Purpose and ClassifiCation ................uuiii e 57
A3 EXCIHatioN MENOAS ......uiiiiiiii e 58
Annex B (informative) Estimation methods for modal parameters ..................... 61
BT OVRIVIEW oo 61
B.2 Theoretical background and OVEIVIEW............cciiiiiiiiiiiiiicie e 61
B.3 Frequency domain methods ..o 67
B.4 Time domain Methods .........cooiiiiiiii e 71

Annex C (informative) Modal test - mathematical model verification

CheCKIiSt ... .. ——————————— 74
Annex D (informative) References.........ccoooiiiiiiiiiniiiiniiinnnnns 76
Bibliography........ciiriirr 77
Figures
Figure 5-1: Test planning actiVIties ............uuuiiiiiiiiiiii e 32
Figure 5-2: Comparison of mode indicator functions (MIF)

according to Breitbach and HUNt ... 43
Figure 6-1: Modal survey pre-test analysis activities..............cccoevviiiiii e, 50
Tables
Table 5-1: Test objectives and associated requirements for the test boundary
[o70] 0o 1110 1 PSR 35
Table 5-2: Most commonly used correlation techniques ..., 46
Table 5-3: Test-analysis correlation quality criteria.............ccoooovviiiii e, 48
Table 5-4: Reduced mathematical model quality criteria.............cccoovviiiiiiiiii e 48
Table 6-1: Advantages and disadvantages of model reduction techniques........................... 52
Table B-1 : Overview and classification of commonly used modal parameter estimation
8111 Lo o PSPPSR PRSP 64
Table B-2 : Advantages and disadvantages of the time and frequency domain methods......65
Table B-3 : Advantages and disadvantages of single and multiple degree of freedom
MEENOTS. ...ttt nnnnnne 66
Table B-4 : Other aspects of selecting a modal parameter estimation method ..................... 67
Table C-1 : Verification checklist for mathematical models supporting modal survey
LSS S 75
.__Documents
4 Document Sharing Hub

Full document details: BS EN 16603-32-11:2014


http://www.avadocuments.com/doc/bs-en-16603-32-11-2014
http://www.avadocuments.com/doc/bs-en-16603-32-11-2014

BS EN 16603-32-11:2014
EN 16603-32-11:2014 (E)

Foreword

This document (EN 16603-32-11:2014) has been prepared by Technical
Committee CEN/CLC/TC 5 “Space”, the secretariat of which is held by DIN.

This standard (EN 16603-32-11:2014) originates from ECSS-E-ST-32-11C.

This European Standard shall be given the status of a national standard, either
by publication of an identical text or by endorsement, at the latest by February
2015, and conflicting national standards shall be withdrawn at the latest by
February 2015.

Attention is drawn to the possibility that some of the elements of this document
may be the subject of patent rights. CEN [and/or CENELEC] shall not be held
responsible for identifying any or all such patent rights.

This document has been prepared under a mandate given to CEN by the
European Commission and the European Free Trade Association.

This document has been developed to cover specifically space systems and has
therefore precedence over any EN covering the same scope but with a wider
domain of applicability (e.g. : aerospace).

According to the CEN-CENELEC Internal Regulations, the national standards
organizations of the following countries are bound to implement this European
Standard: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic,
Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France,
Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania,
Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania,
Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the United
Kingdom.
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1
Scope

This Standard specifies the basic requirements to be imposed on the
performance and assessment of modal survey tests in space programmes. It
defines the terminology for the activities involved and includes provisions for
the requirement implementation.

This Standard specifies the tasks to be performed when preparing, executing
and evaluating a modal survey test, in order to ensure that the objectives of the
test are satisfied and valid data is obtained to identify the dynamic
characteristics of the test article.

This standard may be tailored for the specific characteristics and constrains of a
space project in conformance with ECSS-S-ST-00.
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2

Normative references

The following normative documents contain provisions which, through
reference in this text, constitute provisions of this ECSS Standard. For dated
references, subsequent amendments to, or revision of any of these publications,
do not apply. However, parties to agreements based on this ECSS Standard are
encouraged to investigate the possibility of applying the more recent editions of
the normative documents indicated below. For undated references, the latest
edition of the publication referred to applies.

EN reference

Reference in text

Title

EN 16601-00-0 I|

ECSS-5-ST-00-01

ECSS system — Glossary of terms

EN 16603-10-03

ECSS-E-ST-10-03

Space engineering — Testing

EN 16603-37

ECSS-E-ST-32

Space engineering — Structural general requirements

Full document details: BS EN 16603-32-11:2014
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3
Terms, definitions and abbreviated terms

3.1 Terms from other standards

For the purpose of this Standard, the terms and definitions from
ECSS-5-ST-00-01 apply.

3.2 Terms specific to the present standard

3.21 accelerance

ratio of the output acceleration spectrum to the input force spectrum

NOTE 1 Accelerance is computed as follows:

where

X(w) 1is the output acceleration spectrum;

F(w) is the input force spectrum.

NOTE 2 The accelerance is also called “inertance” and it is
the inverse of the apparent mass (see 3.2.2).

3.2.2 apparent mass

ratio of the input force spectrum to the output acceleration spectrum
NOTE1 Apparent mass is computed as follows:
F(o)

X ()

M(w) =

where

F(w) 1isthe input force spectrum;

X(w) 1is the output acceleration spectrum.

NOTE 2 The apparent mass is also called “dynamic mass”,
and it is the inverse of the accelerance (see 3.2.1).
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3.23 auto modal assurance criterion
AutoMAC

measure of the degree of correlation between two mode shapes of the same
mode shape set
NOTE1 For example, test mode shapes or analysis mode
shapes.
NOTE2 The AutoMAC is a specific case of the MAC
(see 3.2.26); the AutoMAC matrix is symmetric.
NOTE 3 The AutoMAC is particularly useful for assessing
whether a given selection of DOFs is adequate for
MAC evaluations employing two different sets of
mode shapes (e.g. test and analysis).

3.24 coherence function

measure of the degree of linear, noise-free relationship between the measured
system input and output signals at each frequency

NOTE 1 The coherence function is defined as

Sy (@)
xf
7 (@)= @]
S (@) S, (@)
where
® is the frequency;

S#(@) is the power spectrum of the input signal;
Sx(w) is the power spectrum of the output signal;

Sy (@) is the input-output cross spectrum.

NOTE2 2 (w)=1 indicates a linear, noise-free relationship
between input and output.

NOTE3 y?(@w=0 indicates a mnon causal relationship
between input and output.

3.2.5 complex mode shape

modal vector of a non-proportionally damped system

NOTE1 For complex mode shapes, any phase relationship
can exits between different parts of the structure.

NOTE 2 Complex mode shapes can be considered to be
propagating waves with no stationary node lines.
3.2.6 complex mode indicator function

indicator of the existence of real or complex modes and their relative
magnitudes

NOTE The complex mode indicator function has
extended functionality to estimate approximate
modal parameters.
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3.2.7

co-ordinate modal assurance criterion
CoMAC

measure of the correlation of the a given DOF of two different sets of mode
shapes over a number of comparable-paired mode shapes

NOTE1 The coordinate modal assurance criterion for DOF
j is defined as:
2
X 34
o]
CoMAC(j)=—"——
x ) 4 P
Y (05 (@)
r=1 r=I1
where
(Dfr is the mode shape coefficient for DOF j for mode r
of set A;
CDfr is the mode shape coefficient for DOF j for mode r
of set X;
r is the index of the correlated mode pairs.
For example, mode shapes X and A are test and
analysis mode shapes, respectively.

NOTE2 CoMAC =1 indicates perfect correlation.

NOTE 3 The results can be considered to be meaningful
only when the CoMAC is applied to matched
modes, i.e. for correlated mode pairs.

3.2.8 damping

dissipation of oscillatory or vibratory energy with motion or with time

3.2.9

damped natural frequency

frequency of free vibrations of a damped linear mechanical system

3.2.10

driving point residue

calculated quantity that defines the most appropriate exciter positions

NOTE

The magnitude of the driving point residue for a
location is defined as:
v

Jr

2mra)dr

Tir

where

rir  is the driving point residue of DOF j for mode 7;
v is the mode shape coefficient of DOF j for mode 7;
mr  is the modal mass for mode r;

i is the damped natural frequency for mode r.
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3.2.11 dynamic compliance

ratio of the output displacement spectrum to the input force spectrum
NOTE1 Dynamic compliance is computed as follows:
X(w)

Ot

where
X(w) is the output displacement spectrum;

F(a) is the input force spectrum.

NOTE 2 The dynamic compliance is also called dynamic
flexibility, and it is the inverse of the dynamic
stiffness (see 3.2.12).

3.212 dynamic stiffness

ratio of the input force spectrum to the output displacement spectrum
NOTE1 Dynamic stiffness is computed as follows:
_F(o)

Koy (@)

where
F(w)  is the input force spectrum;

X(w)  is the output displacement spectrum.

NOTE2 The dynamic stiffness is the inverse of the
dynamic compliance (see 3.2.11).

3.2.13 effective modal mass
measure of the mass portion associated to the mode shape with respect to a
reference support point

NOTE 1 The six effective masses for a normal mode, {@},
are the diagonal values of the modal mass matrix.

M] - L L},

r

m,

where

{L} is the modal participation factor:
L), = @ f M1}, ;

mr is the generalised mass:

m, ={®} [m]{g}, ;
(@), is the elastic mode 7;

{@ps)], 1is the rigid body mode.

NOTE2 The sum of the effective masses provides an
indication of the completeness of the measured
modes, since the accumulated effective mass
contributions from all modes equal the total
structural mass and inertia for each of the six
translatory and rotatory DOFs, respectively.
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3.214 eigenfrequency

See natural frequency

3.2.15 finite element model
FEM

mathematical representation of a physical structure or system where the
distributed physical properties are represented by a discrete model consisting
of a finite number of idealized elements which are interconnected at a finite
number of nodal points

NOTE  The FEM contains only a finite number of degrees
of freedom compared to the infinite number of
degrees of freedom for the physical structure or
system.

3.2.16 forced vibration

vibratory motion of a system that is caused by mechanical excitation

3.2.17 free vibration

vibratory motion of a system without forcing

3.2.18 frequency response assurance criterion
FRAC

measure of the similarity between an analytical and experimental frequency
response function

NOTE1 The frequency response assurance criterion is a
degree of freedom correlation tool. It is the FRF
equivalent to the COMAC (see 3.2.7).

NOTE2 The frequency response assurance criterion is

defined as
FRACC) - Lt @) (@)

g ({X ij (a))}T {X ij (a))}) ({A ij (a))}T {A ij (w)})
where

AHi(w) is the analytical frequency response
function of a response at DOF j due to
an excitation at DOF k;

xHi(w) is the corresponding experimental
frequency response function.

NOTE 3 FRAC =1 indicates a perfect correlation of the two
frequency response functions.

NOTE 4 FRAC = 0 indicates a non correlation of the two
frequency response functions.

3.219 frequency response function
FRF

descriptor of a linear system in the frequency domain that relates the output motion
spectrum (displacement, velocity or acceleration) to the input force spectrum
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NOTE1 The frequency response function is generally
defined as:
H(w)= X(@)
F(o)
NOTE 2 H(w) is a complex function containing magnitude
and phase information.
NOTE3 Common definitions of standard and inverse FRF are:
e accelerance or inertance (see 3.2.1);
e apparent or dynamic mass (see 3.2.2);
e dynamic compliance or flexibility (see 3.2.11);
e dynamic stiffness (see 3.2.12).
e impedance (see 3.2.22);

e mobility (see 3.2.24).

3.2.20 fundamental resonance

first major significant resonance as observed during the modal survey test

NOTE1 For wunconstrained mechanical systems, the
fundamental resonance is the lowest natural
frequency with motions of the whole test article.

NOTE 2 For clamped mechanical systems, the fundamental
resonance is the mode with the largest effective
mass.

3.2.21 impact

single collision between masses where at least one of the masses is in motion

3.2.22 impedance

ratio of the input force spectrum to the output velocity spectrum
NOTE1 Impedance is computed as follows:

Z(w)= £

X (@)
where
F(wp  is the input force spectrum;

X (w) is the output velocity spectrum.

NOTE2 The impedance is the inverse of the mobility
(see 3.2.24).

3.2.23 linear system

system whose response is directly proportional to the excitation for every part
of the system

3.2.24 mobility

ratio of the output velocity spectrum to the input force spectrum
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NOTE 1 Mobility is computed as follows:

X()

Y(w)= F)

where

).(((g) is the output velocity spectrum;

F(@) is the input force spectrum.

NOTE 2 The mobility is the inverse of the impedance
(see 3.2.22).

3.2.25 modal analysis

process of determining the modal parameters of a structure within the
frequency range of interest

NOTE For the frequency range of interest, see 4.1.2.

3.2.26 modal assurance criterion
MAC

measure of the degree of correlation between two mode shapes

NOTE1 The modal assurance criterion is defined as:
T 2
wic, - @l {o}]

o} {o}, ][ {0} (@}, ]

where {q)}r and {(D}s are the two mode shapes.

NOTE2 MAC =1 indicates perfect correlation of the two
mode shapes.

NOTE 3 MAC =0 indicates no correlation of the two mode
shapes.

3.2.27 modal confidence factor
MCF

indicator of computational noise modes in time domain parameter estimation
methods

NOTE1 The modal confidence factor for mode r is given as

opfol .
MCF, =———" ¢

" ol e},

where

{(i)} is a computed mode;

Ar is a complex eigenvalue, or system pole for
mode 7;

{(D}r is a mass-normalized mode shape;

At is the time interval.
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NOTE2 MCF: ~ 1 indicates a physical mode, and in such
case:

fo] o), o

I3

NOTE 3 MCF:<<1 indicates a computational noise mode.

modal identification

technique to determine the inherent modal properties of a mechanical system

3.2.29

modal parameters

collection of natural frequency, modal damping, mode shape and (generalized)
modal mass for each mode of a mechanical system

NOTE1 The modal parameters of all modes, within the
frequency range of interest (see 4.1.2), constitute a
complete dynamic description of the structure.

NOTE2 Common definitions relating to modal parameters are:

e damped equations of motion
[M]{Sc(t)}ﬂa {x (r)}+[1<]{x(r)} ={roy

e inertia force

[M]{é'c (r)}

e elastic force

[K]{x (t)}

e damping force (proportional with velocity)

[C]{)'c(r)}"

e external dynamic force
ro)

¢ undamped eigenvalue problem
(x1-e? 1)}, = fo}

e natural or eigenfrequency

0]
“(Hz);
27r( )

e general mode shape
e,

¢ (generalized) modal mass
i My, =m,

¢ (generalized) modal damping

i lcliy), =am.é.o,

r

o, (rads/s), f. =

e generalized stiffness
e K1, =me!

r

e mass-normalized mode shape

@},
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e mass-normalized modal mass
o} [m]{o], =1

e mass-normalized modal damping
oy [clie), =260,

e mass-normalized modal stiffness
o) [xlie}, =

e modal matrix

) (@)

NOTE 3 For non-proportional damping, the generalized
damping matrix is not a diagonal matrix.

3.2.30 modal participation factor

measure of the efficiency of the excitation at each degree of freedom of the
supporting point

NOTE1 The modal participation factor is a measure of the
reaction force at the supported reference point.

NOTE 2 See also 3.2.13.
3.2.31 modal scale factor
MSF

least squares difference of two mode shapes, where one mode shape is
projected on the other and scaled to the length of the latter

NOTE The modal scale factor is given as
T

" el e},
where
{(D}r and {CI)}S are the two mode shapes;
[W] is a weighting matrix (most often the unity

matrix).

3.2.32 modal survey test
MST

test that identifies a set of modal properties of a mechanical system

3.2.33 mode indicator function
MIF

measure for phase purity of the measured mode shapes using a single reference

NOTE1 The most common definitions applied by different
modal analysis systems are:

e Breitbach (1972): MIF =1—
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ZMJJ‘X'/‘Z
2
Zij ‘xj‘

where x; is the complex valued response at the j
structural point:

e Hunt (1984): MIF =1-

"2

_ s N _ 12
X; =X, +ix",, ‘x,‘_ x5+

J
MIF =1 indicates a perfectly excited mode shape.

MIF << 1 indicates either no resonances in the
frequency range or inappropriately excited modes.

The mass weighting is often neglected.
The MIF is a special case of the MMIF (see 3.2.35).

mode shape

characteristic shape of motion of an elastic structure when vibrating at its

corresponding natural frequency

3.2.35
MMIF

multi-variate mode indicator function

measure of the phase purity of the measured mode shapes using a multiple

reference
NOTE 1

NOTE 2

NOTE 3

NOTE 4

NOTE 5

The MMIF is given as a frequency dependent
eigenvalue problem:

A ([4]+[B]){F ()} =[4] {F(w)}

where:
[Al=  [H ()] [M][H(»)];
Bl= [H, ()] [M][H, ()]

H , () is the real part of the FRF;
H ,(w) is the imaginary part of the FRF;
{F (a))} is the force eigenvector;

[M]

is the mass matrix;

A is an eigenvalue.

The MMIF comprises the eigenvalues resulting
from the solution of the eigenvalue problem for
each frequency .

MMIF=0 indicates a perfectly excited mode
shape.

MMIF >> 0 indicates either no resonances in the
frequency range or inappropriately excited modes.

The MMIF yields a set of exciter force patterns that
can best excite the real normal modes. It is
therefore a simple but effective method to check
the adequacy of the selected exciter locations.
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3.2.36 natural frequency

characteristic frequency of a linear mechanical system at which the system
vibrates when all external excitations are removed or damped out

NOTE1 This definition refers to both, damped or
undamped natural frequencies.

NOTE 2 The natural frequency is frequently referred to also
as resonant frequency or eigenfrequency (see
3.2.14).

3.2.37 noise

total of all sources of interference in a measurement system, independent of the
presence of a signal

NOTE  For example, mechanical background noise,
ambient excitation, electrical noise in the
transducing system, data acquisition noise,
computational noise, and non-linearities.

3.2.38 normal mode shape

mode shapes where all parts of the structure are moving either in phase, or 180°
out of phase with each other

NOTE1 Normal mode shapes can be considered to be
standing waves with fixed node lines.

NOTE 2 For proportionally damped systems, the normal
mode shapes can be derived from the complex
mode shapes by re-scaling.

3.2.39 orthogonality check

measure of the mathematical orthogonality and linear independence of a set of
mode shapes (analytical or measured) using the mass matrix of the
mathematical model (FEM or TAM) as a weighting factor

NOTE1 The following are common definitions of the
orthogonality check:

e Auto orthogonality check (AOC)
Measure of the mathematical orthogonality of
mode shapes @ and @& taken from the same set
j of analytical or measured mode shapes.

o}, (M},
Jiol vl o) o).,

Where 0 < AOCis<1.

e Cross orthogonality check (COC)
Measure of the mathematical orthogonality of
mode shapes @ and @& taken from two
different sets, j and k of mode shapes
(analytical and measured, respectively).

rs
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o}, (M},
Jioi, e, ol v},

Where 0 < COCr<1.

NOTE 2 The degree of orthogonality is usually assessed by
the magnitude of the off-diagonal elements AOCrs
and COCis of the orthogonality matrices [AOC] and
[COC], respectively.

NOTE 3 The auto orthogonality check is an indicator of the
accuracy of the assumed mass matrix and the
acquired data. Ideally:

1 forr=s
0 forr#s

rs

AOsz{

3.240 pick-up

See transducer

3.2.41 pre-test analysis
structural analysis activities to prepare for the modal survey test

NOTE Usually, the pre-test analysis employs the
structural mathematical model of the test article.
The test set-up is included if it has a significant
influence on the results.

3.242 real mode shape

modal vector of a proportionally damped system where all parts of the
structure vibrate in phase

NOTE Real mode shapes can be considered to be
standing waves with stationary node lines.
3.2.43 reciprocity

structural response at a given point due to an input at another point equals the
response at the input point due to an identical input at the given response point

NOTE This is known as Maxwell’s reciprocity principle:
Olpg = Olgp.
3.2.44 resonance
maximum amplification of the response of a mechanical system in forced
vibrations
3.245 resonance frequency

frequency of a mechanical system where any change, however small, in the
frequency of excitation in either direction causes the system response to
decrease
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3.2.46 response
output of a structure at a given point due to an input at another point

NOTE For modal survey tests the structural responses are
usually measured in terms of accelerations.

3.247 response vector assurance criterion
RVAC

measure of the similarity between an analytical and experimental response
vector at a particular frequency

NOTE 1 The response vector assurance criterion is a vector
correlation tool. It is the FRF equivalent to the
MAC (see 3.2.26).

NOTE 2 The response vector assurance criterion is defined
as:

RVAC(w, k)= {XHk(wr')}T{AHk(wr)}r
" ({XHk(a)r)}T{X Hk(w")})({AHk(wr)}T{AHk(a)r)})
where

e ,H, (w,) is the analytical vector containing
only the FRF values at all response points due
to an excitation at DOF k for a particular
frequency o;

e H, () is the corresponding experimental
response vector.

NOTE2 RVAC-=1 indicates perfect correlation of the two
response vectors.

NOTE3 FRAC=0 indicates no correlation of the two
response vectors.

3.2.48 signal analysis

process of evaluating the input and output signals of mechanical systems to
describe their characteristics in meaningful and easily interpretable terms in the
time or frequency domain

3.2.49 signal-to-noise ratio
ratio of the power of the desired signal to that of the coexistent noise at a
specified point in a transmission channel under specified conditions
NOTE1 The signal-to-noise ratio is a measure of the signal
quality.
NOTE 2 It is usually given as the ratio of voltage of a

desired signal to the undesired noise component
measured in corresponding units.

3.2.50 signal conditioner

amplifier placed between a transducer or pick-up and succeeding devices to
make the signal suitable for these devices
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NOTE For example, succeeding devices can be amplifiers,
transmitters or read-out instruments.
3.2.51 spectrum control
capability to limit the excitation to the frequency range of interest

NOTE For the frequency range of interest, see 4.1.2.

3.2.52 steady-state vibration
vibration where the amplitude and frequency stay constant over the whole

duration of the vibration

3.2.53 test analysis model
TAM

finite element model of the test set-up in terms of stiffness and mass matrix, for
test purposes reduced to excitation and measurement degrees of freedom

NOTE The test set-up can include the test fixture.

3.2.54 test equipment
collection of hardware to support the test execution

NOTE For example, test adapters.

3.2.55 test set-up

collection of the test article, the test equipment and the test instrumentation

3.2.56 transducer

device to convert a mechanical quantity into an electrical signal

NOTE1 For example, usually, these mechanical quantities
are force and acceleration.

NOTE 2 The transducer is frequently referred to as pick-up.

3.2.57 transducer sensitivity

ratio between the electrical signal (output) and the mechanical quantity (input)
of a mechanical-to-electrical transducer or pick-up

NOTE For example, transducer sensitivity is given in
(mV)/(m/s?).
3.2.58 transient
finite duration change from one steady-state condition to another
NOTE Usually the initial and the final steady-state
conditions are zero.
3.2.59 transmissibility

relative vibration levels of the same mechanical quantity at two points in terms
of this quantity in the frequency domain

NOTE The transmissibility reaches its maximum at the
resonance frequency.
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3.3 Abbreviated terms

For the purpose of this Standard, the abbreviated terms from ECSS-5-ST-00-01

and the following apply:
Abbreviation Meaning
AOC auto orthogonality check
ARMA auto-regressive moving average
CMIF complex mode indicator function
CcoC cross orthogonality check
CoG centre of gravity
CoMAC coordinate modal assurance criterion
DAS data acquisition system
DOF degree of freedom
EI effective independence
FEA finite element analysis
FEM finite element model
FRAC frequency response assurance criterion
FRF frequency response function
H/W hardware
IRS improved reduction system
KE kinetic energy
MAC modal assurance criterion
MCF modal confidence factor
MDOF multiple degree of freedom
MIF mode indicator function
MMIF multi-variate MIF
MIMO multiple input - multiple output system
MST modal survey test
MprP measurement point plan
POC pseudo orthogonality check
PDR point drive residue
RMS root mean square
RVAC response vector assurance criterion
SDOF single degree of freedom
SEREP system equivalent reduction expansion process
SISO single input - single output system
S/IW software
TA test article
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TAM test analysis model
TBD to be defined
TF test fixture

3.4 Notation

The following notation, compatible with Ewins, 2000 (see Annex D) is used
within this document:

° Matrices, vectors and scalars
[] matrix
{} vector
[1%{}7 transpose of a matrix, vector

|1 modulus of complex number

. Spatial properties

[C] viscous damping matrix

[D] structural damping matrix

{f(H} force vector (time domain)

{F(w)} force vector (frequency domain)

h(t) impulse response function (IRF)

H(w) frequency response function (FRF)
G(o) estimated frequency response function
[K] stiffness matrix

M mass connected with DOF j

[M] mass matrix

S(w) coherence function

{x()} displacement vector (time domain)
{i(w)} velocity vector (time domain)

{JUC(f)} acceleration vector (time domain)
{X(w)} displacement vector (frequency domain)
{X (w)} velocity vector (frequency domain)

{)"( (t)} acceleration vector (frequency domain)
Xj complex valued response of DOF j

X real part of x;

x’ imaginary part of x;

At time increment
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