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Foreword

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

The vibroacoustic behaviour of products has become a major challenge not only in terms of user health
protection through regulations, but also in terms of sound quality for safety, quality perception, and
attractiveness.

At the same time, requirements on products development cycles are more and more stringent, reaching
the point where component suppliers and integrators should work independently, without physical
prototypes.

To

aster the transmission of dynamic forces (also called structure-horne noise), one needs to adapt

the (
prot
to th

This
to ch
strug
the |

component is connected to its receiving structure.

The
a fun
seco]

The

omponents to the receiving structure, and hence exchange information prior to_mg
types. This information will only be valuable for the integrator if it is clearly defined 3
e component.

document, issued from a French experimental standard, addresses this issue. It is a ug
aracterize an active source on a test bench and predict the effects of its‘integration

ture. The component is characterized on its own, which makes the-doc¢ument compl
50 20270 that describes the measurement of “in-situ” characteristi¢s’ (blocked forces

ntrinsic characterization of an active source requires measuring two quantities (¢
ction of the frequency): the first one characterizing the dynamic aspect, blocked for
d one describing “static” behaviour, such as the impedance or the mobility.

bbjective of this document is to help the user predict the component behaviour in

asse

expefimental procedure enabling to reach this objéctive:

]

]

This
as a

simpllifications af€ proposed (see 5.6).

Annd
that,
can |

bly. The theoretical background is laid in Annex.A. The user is then guided (see 5.2)

tatic characterization of the component,.the test bench and the receiving structure.

orce measurement: the standard proposes here direct and indirect methods. Indirect
enerally easier to implement, but\they need a particular focus on the measurement
atrix inversion.

nterface integration (conrnecting device).
Prediction of the behaviour of the component/receiving structure assembly.

whole procedure-is’based on a general formula expressing the dynamic forces in t
function of blocked forces and static characteristics. Depending on these static cha

x B and'‘Cguide the user to measure both transfer functions and dynamic forces. It sho
in géeneral, these quantities are expressed in the 3 directions and 3 rotations, but th
eapplied on a number of degrees of freedom chosen by the user.

nufacturing
ind intrinsic

er guidance
bn a passive
bmentary to
, where the

xpressed as
ces, and the

A particular

hll along the

methods are
quality and

he assembly
racteristics,

ld be noted

e procedure

The Annex D informs about data processing. The Annex E contains a test example and the Annex F
describes the method using a particular test bench (block sensor).

The data obtained and assessed in this document can be used:

— as part of a specification between suppliers and integrators;

— asinput data of numerical vibroacoustic simulation models;

— to drive the modification of the physical structure or the interface in order to improve the
vibroacoustic behaviour.
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Acoustics — Experimental method for transposition of
dynamic forces generated by an active component from a
test bench to a receiving structure

1 Scope

This
recei

It set
force

document specifies a method to predict the dynamic forces generated by an active con
ving structure from measurement on a test bench.

s out the requirements applicable to test benches and setup measurement conditions
s: a criterion of validity of transfer functions measurements can be established for ex4

The ¢bjective is to evaluate noise and vibrations generated by active components mounted

strud

It cal
gene
actu

tures, including the possibility to optimise vibration isolators.

n be applied to different systems connected to a building, such as a compressor
Fator, or to systems connected to a vehicle body, such as_an engine powertrain or {
htor, for example.

2 Normative references

Ther]

Fort
ISO 4
— 1
— 1

3.1
actiy
activi

Note

3.2

e are no normative references in this document.

Terms and definitions

he purposes of this document, thefollowing terms and definitions apply.
nd I[EC maintain terminological.databases for use in standardization at the following z

SO Online browsing platferm: available at https://www.iso.org/obp

EC Electropedia: avdilable at https://www.electropedia.org/

e component
e substructure which generates dynamic forces

1 to entry: See Figure 1.

jponent on a
of dynamic
mple.

bn receiving

or a power
n electrical

ddresses:

conr

v - o | L]
CLLIIg UTVILT

mechanical interface with a specific “spring like” matrix structure which allows connecting the active
component (3.1) to the receiving structure

Note

Note

1 to entry: See Figure 1, Key 2.

2 to entry: Insulators at fixation points are typical “spring like” connecting devices.

Note 3 to entry: A “spring like” connecting device is a structure with no internal degrees of freedom and internal
mass, see 3.10.

Note 4 to entry: In the case of a connecting point, active component and receiving structure share the same
location.

© ISO
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Note 5 to entry: In the case of seals at contact surfaces, direct connections or any other connection type, the
connecting device item 2 cannot be used, and a block diagram with items 1 and 3 and 4 shall be used (see

Figure 1).

Note 6 to entry: In case of direct connection, the hypothetical surface between the active component and
receiving structure is called interface.

3.3

receiving structure
passive substructure to which the dynamic forces are transmitted

Note 1 to entr

Note 2 to ent
predicted.

Note 3 to ent
other receivi

Note 4 to ent

y: See Figure 1, Key 3 and 4.

y: The receiving structure can be a test bench or the structure for which the dynamic forees w

ry: The “test bench” can be a specific structure designed to test the active componént (3.1), o
g structure.

"y: active device, connecting device and receiving structures are deformablestfuctures.

1 2 3 k4
r-r-r———7r—"F"F~F~~F~—————7—/7"—/7— L T
| [ [
| [ [
| [ [
| z [ [ F: y
| Fac 11 I RS RS
| e i oS T
| | | | Fs Yre
| [ [
| [ .
| [ [

e U i R I . . - ]
Key
1 active fomponent
2 connedting device
3 receiving structure
4 test bejnch
NOTE An active component (left) connected via a connecting device (centre) transmits dynamic force

receiving str

3.4
degree of i
n degrees of

icture (right) which may’vibrate and radiate sound.

Figure 1 — Schematic of the structure assembly

eedom

ill be

r any

S |

stoa

ctive

freedom through which structure-borne sound or vibration is transmitted from the g

component (3-1)T0 the recelving Structure (3-3)

EXAMPLE

A connection point can have up to 6 degrees of freedom (dof).
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3.5

ISO 2195

dynamic force

fa

5:2021(E)

complex force associated to a structure or an interface with n degrees of freedom, arranged intoan x 1
vector at each frequency, according to

[ fa1(f)]
fa2(f)
AT
fd,n (f)
wherre fd,i (j;) is the _complex Fourier transform of the ith component of dynamie force at frequency f

Note [l to entry: Forces fd can be considered as generalised forces, that is, including moments.

Note |2 to entry: Generalised forces units are Newtons for dynamic forces arid N-m for dynamic moments

Note B to entry: In case pseudo-random signals, statistical tools can hielp into describing the dynan

set of

Note ## to entry: In Table 1

amplitude and phase force vectors.

ic forces into

, the specific dynamic forces fd applied at particular points used in this locument are

definpd.
Table 1 — Dynamic forces symbols
Symbols a_nd abbrevia- Definition
tions
- Force generated by the active component at the interface of the connefting device
fac in operational conditions.

testbench (TB) in operational conditions. An additional “pred” or “mg
indication about how the force is obtained (predicted from formulae,

fRS and fTB measured):

fRS_pred and fTB_meas :

In the case of no presence of a connecting device, fac = frs -

Forces-transmitted to the receiving structure: final receiving structure (RS) or

as” give
br directly

3.6
bloc
dyna

ked force
mic force (3.5) applied by an active component (3.1) transmitted to a rigid receiving str

icture (3.3)

Note 1 to entry: Blocked forces indirect measurement methods are detailed in Annex F and ISO 20270.

3.7

velocity

V4

© IS0 2021 - All rights reserved
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complex vibration velocity associated to a structure or an interface with n degrees of freedom, arranged
into a n x 1 vector at each frequency, according to

vq (f)

[vaq (f)
Va2 (f)

Vd n (f)

where vg ; (
Note 1 to ent
Note 2 to ent
Note 3 to ent

Note 4 to ent
used in this s

f) is the _complex Fourier transform of the ith velocity component at frequency f.
Fy: Velocity units are meters per second (m/s).

[y: Associated complex acceleration ay (f) canbe defined via derivation of thewelocity.
Fy: Associated complex displacement X4 (f) can be defined via integratiofi of the velocity.

Fy: In Table 2
tandard are defined.

, the displacement, velocity and acceleration X4,V4,d, generated at particular g

Table 2 — Velocity, displacement and acceleration definitions

oints

Symbols an|

id abbreviations

Definition

XacoV

hc and ac dynamic displacement, velocity and‘@eceleration generated by the active compo

hent.

XRs vV

dynamic displacement, velocity;and acceleration on the receiving structure,

bs and apg

3.8
frequency }
FRF

frequency dependent ratio of the Fourier transform of the response to the Fourier transform g

excitation o
Note 1 to ent

Note 2 to ent
(See Table 3)

Note 3 to ent

the free

an excitg
forces; o

response function

fa linear system
Fy: See ISO 2041.

ry: The FRF denominatien and associated unit depends on the two vibration quantities of the

Fy: In this doemeént, any reference to mobility Y or impedance Z is related to:

mobility, ¥glee ij which is defined as a ratio of a dynamic velocity response in degree of freedo

tion force in degree of freedom j, with all degrees of freedom free, except the one of the excit
r

f the

ratio

mito

ation

the blocked impedance Zy|,cyeq jj» Which is defined as a ratio of the response force in degree of freedom j to

the dynamic velocity in degree of freedom i, with all degrees of freedom blocked, except the one of the
excitation velocity ‘7d,j

Table 3 — Denomination of frequency response functions FRF for various vibration quantities

(displacement, x, velocity, v and acceleration, a)

Dynamic Free Mobility | Accelerance | Dynamic | Blocked imped- | Effective
Compliance stiffness ance Mass
X; v; a; f f f
Denomination = Yieeij == = L VA 4 Lh
f] y f] f] X; blocked ij v, a;
4 © IS0 2021 - All rights reserved
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Dynamic Free Mobility | Accelerance | Dynamic | Blocked imped- | Effective
Compliance stiffness ance Mass
N N- 2
Unit m m m N N-s N.s
N N-s N-s2 m m m

Note 4 to entry: Thus, in terms of matrix writing, corresponding Y and Z matrices are related:

-1
Zyocked = Yiree

39

tranpsfer matrix
set of FRF between multiple degrees of freedom systems

Note

1 to entry: In this document, the terms ¥, Ygg and ¥rp (see Table 4) canbe)related to

dynamic compliance or accelerances, depending of the quantities that are commonlyused by the re

same,

boundary conditions as the free mobility.

Table 4 — Main transfer matrices used in the document

'ree mobility,
nder, with the

Symbols and abbreviations

Définition

Yyc transfer matsix of the active component

Yrs

hnd Yrp transfer matrix of the feceiving structure or the test ben

h

3.10
coni

ecting device transfer matrix

connecting device (case of insulators at fixation points) transfer matrix (3.9) (see Table 5) can be

obta

Note

Tablle 5 — Different expressions of connecting device transfer matrix versus dynam

ned via different methods

1 to entry: Such methods are describéd-in ISO 10846.

ic stiffness

matrix
Formula Unit Homogeneous fo
S = o Kl*_l m-N"1s72 accelerance
S, = joK A m-N1s71 mobility
S, =K ! m-N1 compliance (or recepjtance)
with| KI* hontogeneous to a dynamic stiffness complex matrix of the connecting device.

3.11

operational conditions
set of conditions under which the source operates for the operational test, including speed, load and any
other settings or conditions particular to the source which might affect source operation

4 Principle of the method of transposition of the dynamic force

4.1

General matters

This subclause explains how to predict the forces generated by an active component (which comes with
its own sources) on a receiving structure from a series of measurements on a test bench and on specific

data

© ISO

about the receiving structure.

2021 - All rights reserved
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Predicted or measured dynamic forces are required when

— there is no opportunity to measure directly any dynamic force of any sort (e.g. heavy and high cost
electrical machine to be duplicated in a new place),

— there is only the possibility to work on a test bench, because the final receiving structure is still not

availabl

€,

— the active source is provided by a component supplier to an integrator, and the integrator defines a
specification on a bench, with a target to comply, and

— internal forces matrix of a specific product is needed for noise comfort prediction, or for durability

purposeg.

4.2 Gene

The first Fol

frs =Y}
where
Jrs 19
YRS 19
YAC 19
Yrg s
S] 19
fr 1S
The purpos

from the md
fRS_prec

To build thif

Instead of a4
structure to

ral formulae

'mula (1) which detail is given in Annex A can be written as follows:

_1 —_
ks +Yac +S1 ] [Yrp +Yac +S1] frp

the transmitted force vector to the receiving structure;

the transfer matrix of the receiving structure;

the transfer matrix of the active component;

the transfer matrix of the test bench;

the spring-like matrix representation of the connecting device;
the transmitted force vector tothe'test bench.

e of Formula (2) is to enable.the prediction of a force transmitted to a receiving stru
asurement or the estimation of 4 different FRFs matrices:

_1 —_
ict =[Yrs *¥ac +S1d51Y15 +Yac +S1] f1B_meas

formula, there.dre intermediate steps that are detailed in Annex A.

link from\bench to receiving structure, in certain cases, the need is to go from rece

benchiFormula (2) is then given as Formula (3):

M

crture

(2)

iving

(3)

fTB_pre(

_1 -
ici= Y1 +Yac + 811 [Yrs +Yac + 81| RS meas

4.3 Geometrical considerations

Sizes and quantities handled in this document are defined in a specific coordinate system, usually the
geometric coordinate system related to the receiving structure.

During FRF functions measurements (see Annex B), it can be more practical to use a local coordinate
system for certain attachment points. In this case, it will be necessary to re-project in a global reference

system.

© ISO 2021 - All rights reserved
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Operating mode

5.1 General

In this subclause, an operating mode to apply this document is proposed, as an example.

This procedure is based on the general Formula (2) allowing to transpose the dynamic forces generated
by an active component from a test bench to a receiving structure. Depending on the assumptions on the
different transfer functions, this operating mode allows the use of simplified versions of Formula (2).

The frequency range(s) for which the formulated hypotheses and steps presented below are considered

as vdlid or invalid shall be mentioned.

5.2

The Yarious special cases discussed below can be summarized in the form of aygeneral diz
procgdure (see Figure 2).

Synopsis of procedure

gram of the

5.3 | Tasks and preliminary operations

A number of tasks and processes shall be performed previous to the'application of this pro¢edure:

a) During the development of the product, the componefit will determine the active| component

fransfer matrix at the connecting points. There are mahy cases for which the active cpmponent is
ot only connected to its fixation points, but interacts‘with its environment through cables, rotation
xes, hoses, pipes, friction, which do not allow to.m€éasure the transfer matrix in free cgnditions for
1l degrees of freedom. In this case, different alternatives are proposed in the documert.

b) During the development of the product, the-component chooses the properties of thg connecting
evice between the component and thereceiving structure. It is remarked that thid connecting
evice matrix properties are of first order influence on the final transmitted forces: [the product

ghall ensure a perfect decoupling’in order to minimize the vibration coupling Hetween the
¢omponent and the receiving structure. Some advices are given hereunder in this operating mode.

c) To apply the methodology to predict the forces transmitted to the receiving structur¢ in order to

¢heck compliance with the-specifications, a test bench is generally developed, transmitted forces to
the bench are measured.Usually, in the field of noise and vibration, an infinitely rigid|bench, such
3s a marble, is used;-but this methodology is not mandatory. Therefore, the procedurg covers the
¢ase of a not infimitely rigid test bench.

The pperating mode€ starts with the analysis of the general equation [Formula (2)] and |Jattempts to

covef the different real cases that may be encountered in practice in the fields covered by the document.

The thoices-invthe flow chart not only depend on the possibilities offered by the product{ but also on

the relative~order of scales of different transfer matrices in Formula (2). Three different ekamples are

described'in Annexes E and F, to scan a wide range of applications.

© IS0 2021 - All rights reserved
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Final receiving structure transfer matrix determination (5.4.2)
Y s

{

Test Bench transfer matrix determination (5.4.3)
Yo

f

Connecting device "Spring-like" matrix determination (5.4.4)
S

{

Active Component transfer matrix determination (5.4.5)
Y ac

{

Pynamic force test bench determination (5.5) : Direct (Annex C) or Indirect method (Annex C and Arinex'F)

f

Dynamic force final receiving structure prediction (5.6)

TB,meas

f RS,predict

f

Strong decoupling (5.6.2)

yes
or very similar bench and receiving
structures (5.6.3)?
Rigid receiving Rigid test bench
structure (5.6.5.1)?
(5.6.4.1)? R
yes
Rigid fest bench
(5-64.2)?
\J \ \

Predicted recéiving Predicted receiving Predicted receiving Predicted receiving
strycture foreewector structure force vector structure force vector structure force vector
by Formula (9) by Formula (13) by Formula (14) by Formula (2)

(546.2; 5%6.3, 5.6.4.2) (5.6.4.3) (5.6.5.2) (5.6.5.3)

!

End of process

Figure 2 — Synoptic of the steps to determine predicted force

8 © IS0 2021 - All rights reserved
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5.4 Transfer matrices determination

5.4.1 General

Annex B is dedicated to frequency transfer functions measurement. These measurements are generally
performed with accelerometers and force sensors, leading to accelerance measurements.

5.4.2 Final receiving structure transfer matrix determination Yy

In Formula (2), the transfer matrix at the connecting points is required to predict the forces on the final

strufm&h&mmﬂmsjwmmwﬂmnauﬁbmmmmbrces, which
means that the component integrator shall provide to the component supplier the transfermatrix values

at the connecting points. These values are generally available at early stages of a project development
via sjmulation tools.

In mainy cases, it is impossible to decouple the active component from the receiving’structurg to perform
a mepsurement. ISO 20270 can be applied, with an indirect measurement of:blocked forces

5.4.3 Test bench transfer matrix determination, ¥;p

At dgsign stage for the test bench, it shall be considered to let some Space to position the sensors for the
matrfix determination.

5.4.4 Connecting device spring-like matrix properties\determination, S;

The ¢onnecting device matrix is generally determined-on its own on a specific bench. In this case only
diaggnal terms of the matrix are measured; ISO 10846 can be used.

Taking into account a connecting device is notddapted when:

— the active component is rigidly coupled to the receiving structure or test bench;

— the connecting devices are not aSet'spring-like point-like devices.

Taking into account a connecting.device is not mandatory:

— the active component can be directly coupled to the receiving structure or test bench;

— the connecting deviee can be integrated in the Active component or in the Test Benclj/ Receiving
gtructure part, whenever possible.

5.4.3 Active Component transfer matrix determination, Y,

Whehever.possible to position the active component in free boundary conditions, the frequency
resppnsefunctions of the transfer matrix shall be measured.

In many cases, the active component main function is to deliver a mechanical Tunction to a system via
connections which are not fixation points or fixation surfaces. In this case, it is not possible to test the
active component in free boundary conditions.

Two options are possible to determine the active component transfer matrix:

a) Usage of a specific test bench called block sensor designed to measure indirect active component
transfer matrix and indirect blocked force (see Annex F);

b) Indirect determination of the active component transfer matrix associated with the connecting
device.

© IS0 2021 - All rights reserved 9
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In this second case, only the case with no connecting device is relevant to be studied (with no connecting
device), and the Formula (2) can be written as:

(4)

_ 1 _
fRS_predict = [YRS +¥yc ] ) [YTB +¥yc ] ) fTB_meas

At this stage, to measure indirectly the ¥, matrix, which should be tested in free conditions, but is not

possible, it is needed to measure a transfer matrix of the coupled system: active component mounted on
the test bench: ¥c.1p

It can be written that

ATy-1 ., py-1771

Yacre = [YAC +¥rp ] (5)

and then Y| can be extracted:
1 -1

Yac =Ycrs '[1 —Yrg Yacrs } (6)
Same formuflae can be reached from

Zpcts FZac t 218 (7)
In the following subclauses, different cases of simplification are presented.
5.5 Measured dynamic forces transmitted to the test bench
Dynamic fojffces transmitted to the test bench can be measured by direct or indirect methods. Anpex C
and Annex H propose different ways to measure theSe forces.
5.6 Predicted dynamic forces transmitted to the final structure
5.6.1 Genleral
After deterfnination of the dynamic force vector fTB_meas and of the four transfer Matriceg, the
dynamic fofces transmitted .tethe final receiving structure can be predicted. Depending on the
characteristics of the test bench and/or the characteristics of the final receiving structure, Formula (2)
can be simplified or not.
5.6.2 Strong decoupling
This case alis€s_when the connecting device is very flexible (impedance mismatch between active
component pnd connecting device transfer matrices, and between connecting device and recejving
structures RS and TB), that is:

Y c <8) and Ypg < 87 and Ypg < S (8)

Generally, an impedance mismatch is achieved when there is an order of scale higher than 10 (20 dB)
between each term of the transfer matrices for the different expressions of Formula (8).

This case is

very useful because:

— the predicted force vector applied to the receiving structure is equal to the measured force vector

applied

10

on the test bench, as given by Formula (9):
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predict - fTBmeas

With such decoupling, it is very easy to estimate the transmitted forces.

9

— itminimizes the receiving structure force vector, which allows to transmit as less energy as possible
to the receiving structure.

5.6.3 Very similar bench and receiving structure

There is a particularly clear case for the prediction methodology that shall be addressed. As it is

generﬂymwsmmmmme?mmﬂemmﬁmm
supplier in charge of the development of the active component), choosing a test bench-wit

matrn

)

Then
meas

ix similar to the transfer matrix of the receiving structure is to be pointed out:
ks ~ Y18
, from Formula (2), the predicted force vector applied to the receiving’structure is
ured force vector applied to the test bench - see Formula (9) above.
RS i = I8 e
Case of a rigid receiving structure

5.6.4

5.6.4

Itis g
than
is giy

)

and 1

Then

5.6.4
At th

.1 General

ommon for the final receiving structure to be designed to have a transfer matrix much
the transfer matrix constituted by the active component and the connecting device. Iy

en by Formula (11):

Rs <Yac +5]
he receiving structure canbe'considered as rigid.
, the test bench transfet.matrix shall be studied.

.2 Rigid test beneh (marble)

is stage, it iswerth to try and previously design the test bench in order to be in the

in Formula (12)3At the end, this formula is generally valid over certain frequency ranges, a

over

Abili

other frequency ranges, but easy to apply.

Ly to.get access to a rigid bench enables to write:

component
h a transfer

(10)

equal to the

less influent
this case, it

(11)

ase written
nd not valid

(12)

Then, the prediction forces vector applied to the receiving structure is equal to the vector measurement
of the forces applied to the test bench - see Formula (9) above.

frs

© ISO

predict - fTBmeas
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5.6.4.3 Non-rigid test bench

If the test bench transfer matrix is not similar to the one of the receiving structure, then Formula (2)
can only be slightly simplified in Formula (13):

_ 1 _
frs_predict =[Yac +S1] " [Yrg +Yac + 811 frB_meas (13)
5.6.5 Case of a non-rigid receiving structure
5.6.5.1 General
If the receiving structure cannot be considered as rigid (which means that Formula (11) is notsatisfied),
the test benth transfer matrix that shall be studied.
5.6.5.2 Rigid test bench (marble)
If the test be¢nch can be considered as rigid (which means that Formula (12) is satisfied), the predjcted
force vector|transmitted to the receiving structure is obtained by Formula (14J:
— -1 rd
fRS_precict :[YRS +YAC +SI] . [YAC +SI ]'fTB_meas (14)
5.6.5.3 Non-rigid test bench
If the test blench cannot be considered as rigid (which means“that Formula (12) is not satisfied), the
predicted force vector transmitted to the receiving structure-cannot be simplified and Formula (2] is to
be applied:
— -1 s
fRS_precict :[YRS +¥c +SI] . [YTB +Ypc + 5] ]'fTB_meas
5.6.5.4 Evaluation of the quality of the.prédicted forces
The quality |of the final predicted forces highly depends on the measurements and hypothesis thqt are
used:
— quality pf the transfer fun¢tions that have been measured;
— quality pf the operational measurements such as dynamic forces or accelerations;
— validity|of the differént hypothesis that enabled the formulae to be simplified;
— quality pf matrix inversion.
These indicators of quality help to define frequency ranges for which the predicted force results are

reliable, see

12

Table 6.
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Table 6 — Indicators to be checked for quality evaluation of the predicted forces

Final predicted forc-

es depend on

Indicator

To be checked

tr

nsfer functions

FRFs coherence

Indicator of the frequency ranges for which non-lin-
earities will not ensure mastered FRF measurement
uncertainties and of the frequency ranges for which
the signal to noise ratio is not high enough to ensure
repeatable results.

Reciprocity

The principle of reciprocity of swapping the ex-
citation and response positions and comparing the

(Annex B)

tramsfer furnctions s a very gooad i
reproducibility of the measurement.

icator of the

Positive damping factor

Based on the basic physicalyppinci
damping factor of any systeim'is a p
tity: if the real part of thé«complex m
imaginary part of the accelerancesisn
any frequency, the obtained measurd
be considered as(acceptable.

ple that the
sitive quan-
bbility or the
ot positive at
ment cannot

ope

Fational measure-
ments

reproducibility

The associatedmodulus of the operati
spectrum with the active component
shall be{considered towards the sar
with.active component not active. I
show{similar levels, the confidence in
measured quantities could be low.

Signal to noise ratio can be considersg
when it exceeds 20 dB.

bnal quantity
in operation
ne spectrum
F the spectra
the resulting

d as reliable

qu

lity of matrix in-
version

Force measurement by indirect
methed

The conditioning number of the tra

can be used as an indicator of the quality of the

matrix inversion.

To reach a good conditioning numbe
mended to:

have a matrix size with a numb
higher than twice [ref] the numl
minimum size

nsfer matrix

[, it is recom-

br of sensors
ber of matrix

Predicted force on final receiving
structure

Use aregularization method.

The conditioning number of the tra

should be used as an indicator of the quality of the

matrix inversion.

When very low values are obtained a
quencies for the terms of the [¥zg +¥aq

matrix inversion introduces very big iincertainties

in these frequency ranges: results are

nsfer matrix

t certain fre-
+S; | matrix,

probably not

reliable in these frequency ranges.

When a quantity used in the formula used to predict
the receiving structure force is already obtained
through an indirect measurement process involv-
ing matrix inversion, the opportunity of a second
inversion shall be very carefully studied.
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Table 6 (continued)

Final predi

es depend on

cted forc- Indicator

To be checked

quality of matrixin- |— have a matrix size with a number of sensors higher than twice the number of ma-
version trix minimum size

Inverting a matrix obtained from measured values tends to amplify measurement uncer-
tainties. Itis generally recommended to discard the information detected as notreliable.

The conditioning number of the transfer matrix can be used as an indicator of the qual-
ity of the matrix inversion: to reach a good conditioning number, it is recommended to:

— use aregularization method.

As a good practice, it is recommended to validate that the final results are nottoe fnuch
dependent on the inversion matrix tools. For example, comparing or sharing the repults
of various inversions of a typical matrix is recommended.

6 Requi

Besides the
hereunder.

Using this d
— Specifig

— Data sel

rements for data in test report

bcument, there are two types of test reports:
ations of the integrator to the supplier;

1t by the supplier to the integrator.

6.1 Specification of the integrator to the supplier

The test rep

— achara

ort shall include:

'terization of the final receiving struéture (impedance, mobilities, or accelerances).

isual indications about the contents of a test report (see ISO 17025);some advices are listed

— if the ifgtegrator is responsible for the coupling elements at interface, the characteristics fo be

implem

— alistof

6.2 Data

In this case
ensure a jus

The active ¢

bnted in the formula shall bessent.

sent by the supplier to the integrator

Forces meas

specifications of the predicted dynamic force levels.

a very accurate description and characteristics of the test bench shall be written, which
tificatiomof the choice of bench design (impedance, mobilities, or accelerances).

pmponent characteristics (impedance, mobilities, or accelerances....) shall be documented.

uréed on the test bench and the prpdir"rpd forces on the final receiving structure shdll be

included in the test report.

To ensure the quality of the measurement it is recommended to include (or in an annex) to plot measured
transfer functions and associated coherences; reciprocity and repeatability should be checked during
the different phases of measurements.

In the case of block sensor method (see Annex F), an auto validation can be added to the final report.

[tis highly r

ecommended to express the reasons for:

— reducing the number of DOF;

— not taking into account measurements with very low signal to noise ratio;

— reducing the number of sensors.

14

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=a73a74705b61436d5e912b1e917b9324

ISO 21955:2021(E)

with the help of some quality indicators listed in Clause 5.
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Annex A
(informative)

Theoretical developments

A.1 Introduction

The purpose of this annex is to develop theoretical developments that enable to obtain Figune 1 and
Formula (1)} These theoretical developments will help the reader to better define how teydesigh the
vibroacoustjics properties of each component of the formula such as test bench related to final recefving
structure, of connecting device related to active component.
At first, direct mechanical coupling considerations are used for an active component coupled|to a
receiving stucture via a connecting device at connecting points, in order to help the reader to jget a
better undeystanding of the different steps leading to this formula.
The electricpl analogy is another pedagogical tool leading to unidimensional formulae.
Details aboyt matrices organisation are given in Annex D.
An active cpmponent is coupled via a connecting device to a\receiving structure, which doe$ not
include any pctive structure (see Figure 1). This receiving strueture can be a test bench or the fina] real
structure.
A.2 Components formulae
The following formulae are written with
— adynamic movement u, can be indifferently an acceleration, a dynamic velocity or a displacement,
— frequenicy response functions Y which are respective to the dynamic movement accelerancesj free
mobilities or dynamic compliances.
The quantities are
— with exponent ! for intfernal points, and with exponent ¢ at the connecting points,
— with an|index indicating the component.
1 2 3, b

r——r"~ - "7 T N — 1

| [ [ I

| ;) i i |

f |

| Al 7 L L 7 |

| — Fac 11 1 s |

| « J —_— | S\ || — Y gs |

| Y Ac Y ac Ut [ [ U I

| y i y i AC [ [ RS I

| AC AC [ [ |

| [ [ |

| [ [ |

- O U |
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Figure A.1 — Detailed schematic of the structure assembly
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The active component vibrational behaviour is given in the frequency domain by the following linear

system given by Formula (A.1):
y<c Yci fc ut
i |\ e v A
IC 11 Fl 1
Yac Yacllfac] Luac
As the receiving structure does not experience any internal excitations, its vibrational behaviour is
given in the frequency domain by the following linear system given by Formula (A.2):

Yigs fis =URs (A.2)

The following hypothesis are made at the connection between the two components:
— the connecting device is not a structure with internal degrees of freedom and/intérnal mass;

— the connecting points of the active component and of the receiving structure share the same
geometrical location.

Thug, with these hypothesis, the principle of action and reaction €nables to obtain the following

Formula (A.3):
fac =—fgs (A-3)
The [connecting device being “spring-like”, forces and“movements at its interfaces arg¢ related by

Formula (A.4):

Wac —Ugs = Sifrs (A.4)

The fdifferent expressions of connecting dévice transfer matrix versus dynamic stiffnes§ matrix are
compiled in Table 5. In the case of a rigid-.connection, see Formula (A.5):

$,=0 (A.5)
And pf course a combination/ofrigid and elastic connections also guarantees the previous hypothesis.

A.3 | Total systemformulae

From Formula A4

Yicfac=Uhc —Yicfac (A.6)

Using Formulae A.3 and A.4:

Y Fac =ugs +S1 frs +YacSrs (A7)
Using Formula A.2:

YacSac Z[Yrgs +YAC+S; ]frgs (A-8)

It should be pointed out that the excitation term Yzf\:icfzic is intrinsic to the active component.
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In the case of a test bench, replacing the RS index by TB in Formula (A.8) leads to Formula (A.9):

Yicfac =[Y1€B +Y4¢ +Sl]f1§13 (A9)

A.4 Transposition to dynamic forces

From Formulae (A.8) and (A.9), the following Formula (A.10) is obtained:

[Yrgs +Yc + 5 Jfrgs =[Y'I“:B +Yac+S] Jf’IgB (A.10)

In order tg enable evaluating scale of orders of the various quantities, a formula issued'ffrom
Formulae (4.8) and (A.10) is given, connecting the force vector transmitted to the final\recejving
structure fkg to the internal force vector generated by the active component fy.:

_ -1 R
Fis = YRs +YA+S1 | YitFic (h11)
Formula (A.[L0) can also be written with simplified notations as Formula (1)t
— 1 —
frs =[YRs +¥Yac +S1] - [Yrg +Yac +Si]- frB

and Figure A.1 can also be simplified into Figure 1.
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Annex B
(informative)

Frequency response functions measurement

B.1 General

Inthe vibrations measurement field, measured FRFs are generally a ratio between dynamtic alccelerations

versiis forces, which are accelerances. As in the rest of the document, the term of accelerancd
can be replaced by any other FRF type, respecting homogeneity of formulaejand the
obility boundary conditions.

applied only at input force locations. For a parking brake example, there are n attachmse
addition to a cable connection, and the attachment points are the input force location
condjfitions for measurement shall be applied at input forcerlocations, while the connectiol
remdin in service.

For t
pres

he receiving structure, similar measurements‘are performed at input force locations
ence of the active component.

Cons
matr
man)
poin
ares
and
(i-e.d
resp
be cH

idering n fixation points between the active component and the receiving structure, e
ix dimension to be used in Formula“2) is 6n x 6n (each excitation point is defined 1
 cases, only forces are able to beeméasured and the transfer matrix dimension is then 3

and direction of excitation corresponds to a column of the matrix and each point and
ponse corresponds to a line.\On the diagonal are located direct accelerances terms (

ame response at a point.ih the direction j for an excitation at a second point in the dir
bnse at the second paint in the direction i for excitation at the first point in the directi
ecked that the accelerance matrix is symmetric.

NOTH
the s

1  Definition‘ef direct accelerance: any transfer function which force and acceleration are
ime point and-in the same direction.

NOT]H
accel

2 Definition of local accelerance or local transfer accelerance: any transfer function wh
bration’ are measured at the same point but in a different direction.

used in this
definition of

b structures
these input
ructure, the
ns. If extra
bns shall be
nt points in
5: boundary
h cable shall

without the

ach transfer
by 6 dof). In
n x 3n. Each
direction of
same points

same directions for excitation and response). Assuming that the reciprocity hypothlesis is valid

bction i than
bn f), it shall

measured at

se force and

Adarz o pfaiamodion o obaol, oo 233, 2 ] fioan oo r-aacirad £ diffarant o
TUIrICLIvIT 1UT VVITIUIT TUT LU dITu dlluliItTativIlIl daruv 1rmmicdsurc

NOTE=3

ints will be

£
IXIry CroatrSTCT C—a o Crerep

qualified as far transfer accelerance.

B.2 Measurement of transfer functions %

B.2.1 Implementation and fixtures

B.2.1.1 General

Several types of fixtures can be considered depending if the interface input force loca
easy access or not. For the different fixtures that are presented hereunder, the structural

tions are of
response is

measured by accelerometers and the excitation is performed using an impact hammer. In practice, it is
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generally the easiest and cheapest way to implement the measurement. A shaker could be considered as
excitation force, and/or a response measurement via laser vibrometer.

B.2.1.2 Assembly 1 - One single 3D accelerometer by attachment point.

This accelerometer [see Figure B.1 a)] is glued at the same exact location of the attachment point.
Depending on the excitation direction, the position of the impact of the hammer can be more or less
distant from the attachment point depending in the accessibility. If the distance between excitation and
response is considered as too far, a low-weight and high rigidity cube can be positioned at the point of
attachment to apply forces on this cube. The size and mass of the cube should be minimized so as not
to be too intrusive. The accelerometer shall always be glued to the structure. A particular care shall
be focused ¢n for the structure to properly taken into account in between excitation and responsg: for
example, anfaccelerometer directly glued on the cube does not correctly measure the respose df the
structure.

fAc i
32 1 1
fAE,j /
D 7 7
% 1% 4 |/ 4 ||| &z Z
\/ [ L 2
KN e
1 1 T %
a) q 3
Key
1 accelefometer
2 structyre to be characterised
3 interface point

Figure B{1 — Examples of mounting an.attachment point for measuring under accelerancies
matrices, Y;

B.2.1.3 Agsembly 2 - Using multiple 3D anchor accelerometers by attachment point

The accelerpmeters [FigureB.1"b) and c)] are glued symmetrically around the fixation point anfl the
excitation i§ applied at thé geometrical gravity centre of accelerometers. From the measurements of
transfer functions between the various accelerometers and the applied force, it is possible to calculate
the transfer|functionatthe attachment point, averaging the 2 transfer functions again. For accessibility,
it is sometimes neeessary to add a small interface to have a better access for force application. As in
the previoug assembly, it is worth to have the structure to be characterised in between excitation and
response.

B.2.2 Recommendations

The assembly 1 using a cube or not, is the fastest to implement because it requires the use of a single
accelerometer attachment point. In addition, the added mass by the introduction of a cube and a sensor
is low. Whenever possible this particular fixture is the one to be chosen.

The assembly 2 is to be used whenever the assembly 1 is not possible to implement. This fixture also
enables eliminating the effect of rotations that can be of first order influence when the frequency
increases. From the transfer functions measurements performed with the various accelerometers, the
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average transfer functions constitute the 3n x 3n terms of an average matrix. The added mass, m, for
this assembly is greater; the effect of this mass can be corrected only for direct FRFs terms.

EXAMPLE The correction term for a measured transfer function at point and direction k will be -m to the
inverse of the initial measured accelerance by the Formula (B.1)

1 N (B.1)

Yi_kk_corrected Yi_kk

where Y; ;. corresponds to the measured direct accelerance and ¥; x corrected COrresponds to the

accelerance after direct mass correction. The effect on the terms of local and distant transfer is not
corrgcted.

In al] cases, it is important to ensure consistency of measurements. For example, the diveéctjaccelerance
meagurements are correct if there are no phase rotations. Once a phase rotation appears, if means that
itis jot anymore a measurement of direct accelerance but a measurement of transfer. For lo¢al transfers
or r¢mote transfers, we can ensure consistency of measurements by checking good mgasurements
recigrocity. Reciprocity is defined as the reciprocal transfer function of identity (same amplitudes and
oppadsite phases). The reciprocal transfer function is obtained by inverting the point and excitation
direqtion by the point and observation direction.

It shpuld be remarked that a good reciprocity local transfer i§ difficult to achieve as jsoon as the
frequency increases.
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Annex C
(informative)

Dynamic forces measurement

C.1 General

Consider an
points. In t
directions

fRS_pred T
taken into a

These meas
test bench o

C.2 Direg

C.2.1 Tes

At each fixaf
forces.

To get an a
between tw
is to minimi
sensor. The
final receivi
test bench. ]

active component connected to a test bench or a final receiving structure by nfix
is annex, advice is given to measure the dynamic forces at tllese dif{erent locations in {
construct the forces components of the force vector, frg or frg in order'to pr

ese vectors have 3n components (n attachment points times 3 directions){if only forcg
ccount.

urements are performed with the component in operation (operational conditions) o
I the receiving structure.

't method by force sensor

[ set-up and fixture

ion point, three dimensions sensors are positioned, to measure simultaneously operat|

ccurate measurement of the shear forces, it is mandatory to preload the force s¢
o steel spacers, each one rectified onthe surface in contact with the sensor. The obje]
ze the height of the upper spacer so.for the component to be as close as possible to the
fixture between the component.and the upper spacer shall be representative of the
ng structure characteristics.tThe lowest spacer is fixed on the receiving structure or o
[hree examples for elasti¢orrigid connections are presented in Figure C.1. With such

of fixture, the attachment point between the component and the receiving structure (or test ben

located at t}
receiving st

le top of the upper spacer: the two spacers and the force sensor are part of the consig
Fucture or test benely (host structure).

htion
hree
edict

S are

h the

ional

nsor
ctive
force

real
n the
type
th) is
ered
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| 1
2 —
+w/ | %
I I\r&Q | \ NI /1 . /l" - 1
84 6 - 84 6
: 3 '
RS2 NN R -3
a) Elastic connection b) Elastic connection c) Rigid connection
Key
1 active component
2 connecting device
3 receiving structure or test bench
4 upper spacer
5 screw to preload the sensor
6 force sensor
7 lower spacer
8 host structure
Figure C.1 — Examples of mounting of force sensors for elastic connections or rigid cdonnections

p

C.2.2 Preliminary measurements.of force/force transfers

C.2.2.1 General

Due

betw

the
the

trang

Freq
inter

to the presence of the upper spacer, the force sensor is not directly positioned at t
een the active componént and the receiving structure. It is therefore necessary to

ransfer of the forc® measured by the force sensor on the force injected at the inf
q

mitted to th@hest structure. This is some kind of "calibration” of the force sensor.

liency transfer functions measurements shall be organised, between a force applied tg
face between the active component and receiving structure, noted f.,. and a force 1

brce sensor 1n each direction. The excitation IS made w1th an lmpact hammer or a s

he interface
tharacterize
erface with

omponent to transfer thereafter the force measured by the force sensor to the force actually

the nearest
neasured by
aker in one
Figure C.2).

For m connectlng points oflnterface 3m exc1tat10ns shall be apphed and 3m x 3m FRF shall be recorded.
These 3m x 3m FRF are the terms of a transfer matrix, noted T, which links the force vector measured
by the force sensors, noted fiens meas to the vector of forces actually injected by the component to the

host structure by

T forc (C.1)

= fsens _meas

A column of the matrix T corresponds to an excitation (point of application of force and direction) and
each row corresponds to a response measured by the stress sensors (measuring point and direction)
force. The scheduling of the various terms in the matrix is defined in Annex D.
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1
i |
1 L b
5 ~_§S
84 6 81 6
v 1 T 7 e 1
| 1 3 | 74 | | 3
NN RIS
Key
1 externagl force, fext,i
2 —
externgl force, foyy;
3 receiving structure or test bench
4 upper ppacer
5 screw to preload the sensor
6 force spnsor
7 lower $pacer
8 host structure
Figure C.2 — Measurement principle of the ¢alibration matrix, T (see Figure C.1)
C.2.2.2 Rdcommendations
For measur¢ments on test bench (or marble),-this measurement method is suitable because it proyides
directly and accurately the force. The intrusive side of the instrumentation is not annoying becausle the
instrumentation is an integral part ofthe bench. However, it is necessary to check if the stiffness df the
bench at th¢ point of connection is(large enough to neglect the transfer matrix ¥ggin the calculption
process of the predicted force yéctor [Formula (12)]. For example, the addition of the instrumenthtion
on a marble|'softens" the marhle’at connection points.
For measurgments on final receiving structure, this method of measurement of the forces i$ not
recommended because>the intrusive instrumentation strongly modifies the characteristics of the
receiving stjucture.and measured forces can then be very different than the forces actually inj¢cted
into the rec¢iving-structure.
C.2.2.3 E nipmnnl‘ used

The force sensors are piezoelectric sensors for example, chosen with a dynamic range adapted to
measure the phenomenon (the case studies and presented in Annex E required the implementation of
sensors with £5 kN range, sensitivity around 5 pC/N). When mounting, be careful in the direction in
which the various forces will be measured. Unlike an accelerometer, turning over the sensor does not
necessarily change the sign of the measured force. The best solution is to check when measuring the T

matrix that

24

forces are measured in the appropriate direction, with the correct sign.
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C.3 Indirect method: calculation from accelerometer measurements

C.3.1 Principle

This method involves operational accelerations measurement at attachment points on the test bench
arg, OF the final receiving structure ags,, - Generally, this method is used to obtain indirectly

operational force vector on the test bench, fTBind , in order to be able to predict the force vector on the

final receiving structure [Formula (2)]: in this sub-clause, all notations are with the test bench, but they
can also be written for the final receiving structure. ¥p is the test bench transfer matrix, measured
with j B j j
thesd
isus

A\

itted from
rix formula

b measurements and measurements of transfer functions of the host structure. The.ma
bd:

3 1
[1Binq = YTB T8, (C.2)

It is mandatory that the accelerometers are at the same location for beth”operational gnd transfer

matrjix measurements.

C.3.2 Implementation and fixtures

Different arrangements are possible according to the accessibility of attachment points.

C.3.2.1 Assembly1

A single 3D accelerometer is glued to the exact location of the attachment point [Figure (.3 a)]. when
the active component is not present and when it is;eonnected to the host structure.

For n attachment points, the vector arg,, therefore contains 3n components and the singlg matrix Yrp
has 3n x 3n terms.

With this arrangement, the ¥1g matrix used in Formula (C.2) is the same as that used in th¢ calculation

of Formula (2).

C.3.2.2 Assembly 2

Multjple 3D acceleronietéers (or 1D) are placed on either side of the attachment point,
syminetrically [Figure’C.3 b)]. It is then possible to obtain the acceleration at the attachm|
averaging (for bethoperational measurements and FRF measurements). For calculation

Y

As inf] the previous assembly, the Yrg matrix used in Formula (C.2) is the same as the ong

for example
ent point by
the matrix

s an average matrix with 3n x 3n terms and vector arg,, is a mean vector with 3n components.

used in the

calcu

lation of Formula (2).

C.3.2.3 Assembly 3

Several 3D accelerometers, called indicators, are positioned without any symmetry to each other
[Figure C.3 (c)]. It is recommended for these sensors to ensure the highest possible distance, in order
for them to give various information content in Formula (C.2), with a number of acceleration sensors at
least twice higher than the number of forces to estimate. When these sensors are away from the
attachment point, the injected force for FRF measurements shall be applied directly at the attachment
point. With j 3D sensors per connecting point, the Formula (C.2) is then an overdetermined system that
shall be solved in a least squares sense: the vector arg,, has 3 x j x n components while the matrix ¥1p

is a matrix of dimensions 3 x j x n x 3 x n.

© IS0 2021 - All rights reserved 25


https://standardsiso.com/api/?name=a73a74705b61436d5e912b1e917b9324

ISO 21955:2021(E)

Unlike the two previous arrangements, the YT'B matrix used in Formula (C.2) is then not the same as
the Yrp one used for the predicted receiving structure force [Formula (2)]. Y1 (or Ygg) matrices shall

be obtained exactly at attachment points between component and receiving structure. This could mean
an assembly 1 or 2 for measuring Ypg (or Yrg), and assembly 3 could then be used to estimate the

forces transmitted if the accelerometers placed in assembly 1 or 2 cannot remain during operational
measurements.

§ﬁ§/1 N T/1 N T/1

. 7 o3 |2:g
4 4
a) |Assembly 1 b) Assembly 2 c) Assembly 3
Key
1 active fomponent
2 accelefometer
3 receiving structure or test bench

Figure C.3 — Test set-ups to obtain force at the intérface by an inverse method

C.3.3 Recommendations

In practice, [it is rarely possible to consider installing“assembly 1 for accessibility reasons. Genefrally,
there are hples which allow to fix the active component to the host structure, with or withput a
connecting device. The accelerometer can generally be fixed for transfer matrices measurement, but
cannot remain at the same place for the operational measurements. However, if this arrangemeént is
possible, it hould be applied in priority (low added mass, only one sensor, no additional calculatipn to
consider, diffect inversion of the matrix ¥pg, same matrix ¥; to estimate operational forces and calculate

the predictgd force vector).

Although assembly 2 requires more sensors, it cancels rotation effects and allows to get accelerations
at the connejction point. For accessibility reasons, it is not necessarily easy to install four accelerompters
around each attachment goint. The installation is longer and the number of sensors more important.
Butifthe sefsors can remain at the same place for the operational measures, the use of this arrangement
allows to get the sante matrices Ypg for estimating operational force and for predicting the forcgs on

the receiving structure.

Finally, in moSt cases, assembly 3 w1ll be the one that w1ll be easy to 1mplement the acceleromete
not have pre '
accelerometers for measurmg the matrlx YTB at attachment pomts which is used for prediction

calculations.

C.4 Method of dynamic stiffness

C.4.1 Principle

As the connecting devices between the component and the host structure are elastic, a third method
may be considered: it consists in calculating the operational forces at the interface points from
accelerometer measurements upstream and downstream the connecting device, with previous
knowledge of the connecting device transfer matrix.
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For this method, the different attachment points are considered as independent one from each other. For
each elastic connecting device, it is also considered that only the direct FRF (excitation and response in
the same direction) are considered. The connecting device transfer matrix is fully diagonal: no coupling
between different points and directions.

With these assumptions, it is possible to calculate a dynamic force component in the x direction, fX,

from acceleration components measured upstream a and downstream a with already known

X_us x_us’

dynamic stiffness of the elastic connecting device in the same direction, K: by:

— 2 *
fx=—0"Ky(ay ys—ay_gs) (C.3)

C.4.2 Implementation and fixtures

Depgnding on the active component fixation means, the connecting device set-up is vgriable. Two
exanpples are detailed in Figure C.4 with the accelerometers positioning, t0 use this|method. In
Figufe C.4 a), the acceleration at the attachment point on the active component side is [not directly
accegsible: two accelerometers bonded symmetrically to the attachment{ppint are then used to obtain
by averaging the acceleration a necessary in Formula (C.3). In Figufe C.4 b) the accelefation at the

X_us
attadhment point of the receiving structure is not accessible: the prificiple of averaging is used, but this
timefon the receiving structure side.

g a X_us_2 4 x_us

x_us_1

-
- k!«\ﬁ | | | I‘/1
2753 S ’

d x_ds_1 2 a x_ds_2

3|

x_ds
a) 2 accelerometers on b) 2 accelerometers on
the active component side the receiving structure side

Key
1 active component
2 connecting deviee
3 receiving structure or test bench
a ] acceleration measured on the upstream side (active component side) at point x - sensor fumber i

x_ud_i
a, 4 acceleration measured on the downstream side (receiving structure side) at point x - sengor number i

x_dq_i

FigyreC.4 — Mounting examples for the forces determination by the dynamic stiffn¢ss method

C.4.3 Recommendations

The main advantage of this method is thatitis easy to implement it. However, it is necessary to previously
know the transfer matrix of the elastic connecting devices, which implies strong assumptions. For
example, it is well known that elastic connecting devices are dependent on the preload value, or on
the active component amplitude: it is obviously not easy to pre-know these to two values, for each
frequency of interest on the final real set-up. A second limitation is that this calculation does not take
into account the couplings between different directions. Lastly, it is reminded that this method cannot
be applied to rigid connections.

To summarise, this method may be useful whenever the direct terms of the connecting device transfer
matrix are already well known, and whenever only direct transmitted forces are to be estimated.
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Annex D
(informative)

Data processing

D.1 General

The purposg

— mconng
— measur

— all term|

D.2 Dire¢

Dynamic fof
terms) can i

frB

sens_

Dynamic foy
(3m x3mte

b is to help pre-defining the matrices writing and dimensions for a system with:
ctingdevicesatmattachmentpoints [Al' o R ] tothetestbenchorreceivihgstrugture,
ements are performed in three directions,

s are defined as in Annex C

't measurement (see C.1)

ce vector (3xm terms) measured on bench and transfex(natrix force/force Trg (3m x 3m
e expressed as:

fTB _Aqy TTB—Alx /Alx TTB—Alx /Amz
fre_ay, Trg ay, /a, . FrBay, /Ay,
frB_4,, Trg p,, 14, O TTB A, /4,
neas = and TTB -
fTB _Anx TTB_Amx Ay TTB-Amx [Amz
frB_a,, Trg a4y, TrBAL, /Ay,
LfTB— Amz _ _TTB—Amz /Alx TTB—Amz /Amz a

ce vector (3m'terms) measured on receiving structure and transfer matrix force/forcq Tgg

frs

28

sens_meas

'ms) can b&expressed as:
f RS_ Al X TRS—Alx / Alx TRS—Alx / Amz
Jrs_4,, Trs a,, /4, Trsay, /A,
fRS - Al z TRS—Alz / Alx ’ TRS—Alz / Amz
= o and TRS =
f RS_ Amx TRS—Amx / Alx ' TRS—Amx / Amz
frs_a,, TRS Ay 141y TRSApyy /A,
_f RS—AmZ i _TRS—AmZ / Alx TRS—AmZ / Amz i
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D.3 Indirect method (see C.2)

Assembly 1 and 2: measured accelerations on receiving structure s, and transfer matrix

acceleration Ygg

aRS—A1X YRS—A1X /Al)( " YRS—A1X /Amz
@Rs_ay, Yrs.ay, /4, YRSy, /A0,
aRS—Alz YRS—Alz [Ax YRS—Alz /Amz
aRSOp = and YRS =
aRs_a, Yrs 4., /A, + YRSAL, /AL,
ARS_4,, YRS Ay 11, YRS Ay /A,
_aRS—AmZ J _YRS—AmZ /Alx YRS—AmZ /Amz n
Assembly 3: kacceleration vectors ARs,, Kk and k transfer matrices Ygg * ~corresponding to kindicators.
[ags 4 1 i YR 1 Ay /ar, = YRS 1.4y, /amy
Y, )¢
Ups g, RS_1_A4qy /A1y RS_1_Afy, /A,
Y, . ¢
Ags_ay, | RS_1.Aq, /A1, RSI1 A1, /Ay
RS Ay 1
Yrs 140 /4, YRS.1.A,, /A,
a
RS_Amy 1 ¥ Y
| RS™ 1Ay /A1y RS_1 Ay /Amz
”RS = aRS and YRS =
op Amz_l Y- Y;
RS_1 A, /Ay ™ YRS Ay, /Ang
aRs A
ik Yeska, /a4, - YRskay, /A,
ags_a
R Yeskay, /ay, YRSk, /Ay,
ags,a
ek YRS—k—Alz [Ax YRS—k—Alz [Amgz
rs “Amz_k Y Y,
L -k RS k Ay, /A1, ™ YRS kA, /Ay,

D.4 Transfer matrices for dynamic force prediction
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Accelerances three matrices: the bench Yrp, the receiving structure Ygg and the component Y.

30

Yrp =

Yac=

YTB—Alx / Alx
YrB 4y, /41,

YTB—Alz / Alx

e YTB_A]_X /Amz

YrB 41, /0,

YTB-Alz / Amz

Yrs =

YRS—Alx / Alx

Yrs 4y, /4y,

YRS—Alz / Alx

- YRs 4y, /4.,

Yrs 4y, /Ay,

YRS-Alz / Amz

et

TB_Anx /A1x

~

TB_Any /A1

YTB—AmZ / Alx
YAC—Alx / Alx

~

AC_Ayy, /A1y

YAC—AIZ /Alx

et

AC_Apy /A1x

YAC—Amy /A1x

~

AC—Amz / Alx

Y5a_/a

Y1B Ay /Ay

' YTB—AmZ /AmZ .
- Yaca,, /A,

Yacayy, /4,

YAC—Alz / Amz

Yaca,, /A,

YAC Arny /Ay

YAC—AmZ /Amz -

LI

YRS—Amy [A1x

L YRS—AmZ / Alx

YR A /4

YRS—Amy /Amz

' YRS-Amz /Amz .

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=a73a74705b61436d5e912b1e917b9324

ISO 2195

Annex E
(informative)

Study of a wiper system

NOTE The cases in this annex are case studies conducted with industry on existing products.

E.1
The

The

strug

General description of the case study

around 600 Hz;

yiper linkage;

in this case, it is not possible to mount force sensors between the wiper system and cg

Iethodology;

flo the receiving structure;

tthis case is a bit unusual with three attachment points and the points of contact of brus
yindshield.

hctive component is the wiper linkage with motor [Figure E.1 a)]. It is attached to t

5:2021(E)

practical and methodological interests to consider a car wiper system without arm and blades are:

the wiper system is the location of broadband vibration. The movement‘ef the linkage occurs at
low frequency (about 1 second scan time-return). The vibrational excitdtion of the electric motor is

there is need to adopt a non-stationary approach to the methodology due to the mové¢ment of the

r structure.

There is therefore no reference measurement when\comparing the prediction result of the

itis a three-dimensional case because there is no*clear main direction of dynamic force transmission

hes with the

he receiving

ture, the chassis of the vehicle’ by resilient connecting devices at three attachiment points
[Figure E.1 b)], called fixing driver side (DFP) middle fixation point (MFP) and passenger
(PFP). Surface transmission ofiforces associated to these three attachment points are not c
ther¢fore chose to work in thellocal reference associated with each of its planes for force tr

fixing point
b-planar. We
hnsmission.
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b) Receiving structure: vehicle frame

Key

1 passenger fixation point PFP
2 middlq fixation point MFP

3 driver fixation point DFP

Figure E.1 — Active component and receiving structure

Allrecommeéndations transcribéed in this document are followed. This is particularly the case with rqgard
to the inverjse method to estimate effort for which it is recommended that the accelerometers [shall
remain at the same positionvduring transfer matrices measurements and operational measuremerjts.

E.2 Transfer matrices measurement

In order to apply Formula (2), the chassis transfer matrix ¥Yrg, the active component transfer miatrix
Y,c and the test bench transfer matrix Yrp are measured.

At first, the chassis transfer matrix is measured (Figure E.2). Four accelerometers are mounted at each
attachment point and oriented in the associated local coordinate system. The system is excited with an
impact hammer to the nearest point of attachment.

For PFP and DFP points, impact interfaces based on screw system are mounted in the receiving hole
and tightened to the recommended torque (8 Nm). In this way it is believed to provide local stiffness of
same order as the one of the existing system where the frame rigidity is secured on the frame. A cubic
impact interface is stuck on the screw head.

The MFP interface is bonded to a slot at the edges of a cube on which the impact interface is in turn
bonded to a plate. For reasons of space linked to the movement of the linkage, the accelerometers are
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stuck far away from the entry point effort. We can therefore expect that reciprocity is difficult to obtain
for local accelerances. The accelerances are estimated by averaging the components in each direction.

NOTH

The 4

a) Driver side fixing point (DFP) b) Passenger side fixing point

c¢) Medium fixingpoint (MFP)

The white arrows represent one out of the -3-impact force directions at each point.
Figure E.2 — Accelerance'measurements of the passive component

lccelerances measurements are validated by FRF reciprocity check up to 2 kHz (directa

and yip to 700 Hz for local accelerances (see Figure E.3).

(PFP)

ccelerances)
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Y1

Key
X frequepcy, expressed in Hz

Y1  reciprocity check, expressed in dB
Y2 Phase |n degrees

DFP +% / PFP +X

PFP +X / DFP -Z

Figure E.3 — Example of réciprocity check: case of remote transfer between the Z directioh to
the’point DFP and the X-direction at the point PFP

Concerning [the active’component, the linkage of wiper system (without wiper arms) is suspendgd in
free-free condition, by various elastics. Three accelerometers are glued to each attachment point and
oriented in tlesassociated local coordinate system. The connecting devices, which are not considered
part of the active Tomponent {10 ore tTam the passive COMpOoTelt), are not mourted. 1 herefore,
washers and cube strikes are glued to the point DFP and PFP (Figure E.4). At the point of MFP, the
impact is applied directly to the pin pad support.

The characteristic of this active component is that it is driven by a pseudo-periodic motion. It is good
to check how accelerances are affected by this movement. For this, the measurements are made at
four positions in the linkage: fixed stop position, middle of opening phase, position opposite fixed
stop and mid- closure phase. We note that the accelerances are affected from 200 Hz (Figure E.5). At
first, we consider that transfer function is independent of wiping position and only fixed stop position
measurements are considered.

The active component accelerances are validated by reciprocity check-up to 2 kHz (direct accelerances)
and up to 700 Hz for local accelerances.
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=

NOTH

) Passenger side mounting point (PFP) ;\g} Medium mounting point (NMFP)

The white arrows represent one out of the 3 ir(@%f force directions at each point.

N

Figure E.4 — Accelerance m@hrements of the active component

©
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Key

Y1
Y2

Figure

36

Y1

-20

180 F |
Y2

180 E

frequency, expressed in Hz
accplerance, expressed in dB
phdse in degrees

opgning phase

InWipe zone phase in medium

OufWipe zone phase

closing phase

E.5 — Active component accelerances for different positions of the linkage local
accelerance point PFP in the X direction
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)

a) Passenger side fixation point (PFP) b) Middle fixation point((l/M]‘
, Q

T

P)

Key $
1 force sensor @

2 middle fixation point MFP grommet interfa eA

NOTH The white arrows represent one e&~0f the 3 impact force directions at each point.
N

Figure E.6®—’ Accelerance measurements on test bench
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40

-70
180

-180
Key
X frequehcy, expressed in Hz
Y reciprqcity check, expressed in dB

PFP +¥/PFP +Z
PFP +2/PFP X

Figure E.7 — Example of reciprocity-check: case of local transfer between the Z direction
developed PFP-and the X direction at the point PFP

For rigid bench accelerances, twoaccelerometers are glued to each attachment point and orientged in
the local coprdinate system agsociated with each point (Figure E.6). The bench is of course designed
to receive the force sensors;which are therefore considered as part of the bench. The spacer §tuds
DFP and PFP are used tosbe’able to ensure the preload force sensors (25 kN). For MFP point, cirfular
hollow spader (reproducing simply the slot receiving the connecting device) has been implemepted.
Accelerancep of the test'bench are validated by reciprocity up to 2 kHz for direct accelerances and pp to
1 kHz for lo¢al accelerances (Figure E.7).
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Key

The
dynd
to th
mant
beca
this
Figul

It is
matn
beloy

freq

negligible.

For t
as sy

200 400 600 800 1000 X

frequency, expressed in Hz

dynamic stiffness K, , expressed in N/m

gure E.8 — Example of dynamic stiffness (N/m) module in X direction measurern
connecting device (PFP)

last matrix of accelerances to take into account in Formula (2) is the equivalent
mic stiffness of the connecting devices. In this study, we choose, for practical reasons
e frequency, ease of numerical implementation) to use.estimated from measurements
ifacturer analytical law. The matrix should in thedry be complex and is full real and d
ise of lack of information. There is no clear test methodology to totally and correc
matrix. An example of an equivalent term dy&amic stiffness of the connecting devic
re E.8.

interesting at this stage to assess, the Trelative contribution of the different terms
ices (Figure E.9). Note that the equivalent term of the connecting device accelerance i
v 300 Hz, the prominent term(bging the active component Y, over 300 Hz. Thr

ency range, we can consider.the accelerances of the test bench and of the passive cd

he calculations, the raw. matrices constructed from measurements are used. No prop
mmetry) are imposed:

nent of a

term of the
(adaptation
made by the
agonal here
tly estimate
P is given in

of transfer
S prominent
bughout the

mponent as

erties (such
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_80 1 I I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 _80 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I ||
0 200 400 600 800 1000 X 0 200 400 600 800, - 1000 |X
100 300 500 700 900 100 300 500 700 <900

a) DFP in X direction b) MFP pointin Z direction
Y

60
40
20

0 E

_80 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1
0 200 (400 600 800 1000 X

100 3000 500 700 900

¢)) PFP point in X direction

Key
X frequency, expressed in Hz
Y amplityide, expressed indB

——  force sgnsor Y,
——  receivihg struetiii€ accelerance Y

—— testbepch’accelerance Yrg

2
test benchaccelerance —w™ K,

Figure E.9 — Examples of accelerance

E.3 Direct measurement of the dynamic forces on test bench

frp dynamic forces are needed for prediction on vehicle [Formula (2)]. frz measurements are

performed with direct method on the test bench. The test bench is built as to be able for the force sensor
to be inserted between the active component and the test bench (Figure E.10).
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Figure E.10 — Active component mounted on the test bench clamped on the marble
While operating the wiper linkage and motor at low speed (1,25 s by wiping €ycle), the motopr is supplied
by a stabilized voltage fixed at 13,5 V.
Y
1.1
- [.0sP . . CSP__, ﬂ | |
| “\ | ﬁ ‘
M H\‘ ﬁ' ‘“ MM M Mﬁ
Ni\ W “ t
T HH
‘ \ | <\m
| m w»tv ,\ T e
‘ H V ‘ l |
b W i
I DRP URP | . | V 7
_1.2 1 1 1 1 1 1 1 1 1 1
3 6 X
Key
X time, expressed in s
Y force signal, expressed in N
_ PFPX-Forcein N
_ PFPY-Forcein N
_ PFP Z-Force

Figure E.11 — Example of time data force signals measured at test bench

The wiping cycle is divided (Figure E.11) into four phases: a fixed stop phase (DRP), an opening phase
(OSP), a fixed stop opposite phase (URP) and a closing phase (CSP). In this work, we are interested only
in the opening phase.
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The time signals are acquired for 80 s which is about 64 cycles. Among the available signals, we chose
one for which the four phases can be readily identified (Figure E.11). A semi -automatic procedure for
cutting signals and selecting phases is used. A matrix of Fourier transform of the signal blocks is built.

E.4 Validation of estimated dynamic forces on bench

In this case,

the met

inversid

truncat

These two 1
the direct m

The results
accelerance
guarantees

E.5 Estin

To validate
vehicle undd
to measurg
acceleromet
point). The
low speed, 1
of operation

From these
estimated W
are compard

42

the conventional indirect methods for estimating efforts are used:

hod of dynamic stiffness (see C.4) for which the dynamic stiffness matrix is used.

the inverse method (C.3) implementing the inverse matrix of accelerance matrix of test bench.

The

bd singular values associated with a technique called "L-curve."

nethods are first applied to operational data obtained on the test bench and compared

ow values of cross terms accelerances.

nated dynamic forces on vehicle

the results of the methodology, the forces transmitted by the active component t
r operational conditions are estimated. In this, as in the previous sub-clause, it is neces

ers glued to each attachment point) and on chassis (three accelerometers by attach
bperating conditions are identical to those previously chosen (motor powered with 1
o wiper arms). The same procedure of time signals post-processing is applied as in the
al measurements on the test bench (E.3):

measurements, the dynamic forgestransmitted by the active component to the chassi
ith the two indirect methods. These results represent the reference dynamic forces, W
d to the predicted dynamic.forces (Figure E.12).

n of the matrix is performed by a regularized inverse method, with a decomposition

easurement of forces (Figure E.11). This step shall be here considered as a-yalidation 3

obtained on the test bench were very easy to post-process: the partieular shape g
matrix, being almost diagonal, shall be attributed to the rigidity,of the test bench v
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Figure E.12 — Example of dynamic forces comparison on test bench
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diction results

remarked that the matrix inversion in Formula (2) is obtained using the pseudo-inj
b estimated results obtained are compared with reference data ‘are not as good as h|
). We note first that the estimated effort by two indirect methods is less consistent
7ed in the case of operational measurements on test bench:iin this case, initial matriy
gonal and the inversion results in quite influent uncertainty:.

It also shoul
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Finally, a fr
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be remarked that the predicted method systematically overestimates the dynamic fg
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erse
oped
than

was

rces,
boint
than
DWNS

b not

44

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=a73a74705b61436d5e912b1e917b9324

ISO 21955:2021(E)

T T ]

b |
i AN \[\
IV IV Y
G AR

Key

200 400 600 800
100 300 500 700 900

a) DFP point at X direction
Y

1000 X

)
o
|||||J(3:—'l'

40 g

| /

]

200 400 600 - 1800
100 300 500 ¢~700 9

b) MFP point in Z directio

20 b

=
20
-40
-60 |-
-80
-100
-120

40 e

(=]

200

1000 300

600 800

1000 X
700 900

c) PFP pointin X direction

frequency, expressed in Hz
level, expressed’in dB

Dynamic stiffness method-Force in dB ref. 1N
Inver'se/method method-Force in dB ref. 1N

Direct measurement method-Force in dB ref. 1N

D0

n

Figure E.14 — Example of predicted results of dynamic forces

1000 X

To conclude, for frequency ranges in which accelerances of test bench and host vehicle are negligible,
then the predicted dynamic forces on vehicle are equal to the measured dynamic forces on bench

(Figure E.15).
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