)
' s V Institute of Sound
and Vibration Research

Power Transmission to Flexible Receivers by Force Sources
L. Ji, B.R. Mace and R.J. Pinnington
ISVR Technical Memorandum 877

December 2001

University
of Southampton




SCIENTIFIC PUBLICATIONS BY THE ISVR

Technical Reports are published to promote timely dissemination of research results
by ISVR personnel. This medium permits more detailed presentation than is usually
acceptable for scientific journals. Responsibility for both the content and any
opinions expressed rests entirely with the author(s).

Technical Memoranda are produced to enable the early or preliminary release of
information by ISVR personnel where such release is deemed to the appropriate.
Information contained in these memoranda may be incomplete, or form part of a
continuing programme; this should be borne in mind when using or quoting from
these documents.

Contract Reports are produced to record the results of scientific work carried out for
sponsors, under contract. The ISVR treats these reports as confidential to sponsors
and does not make them available for general circulation. Individual sponsors may,
however, authorize subsequent release of the material.

COPYRIGHT NOTICE
(c) ISVR University of Southampton All rights reserved.

ISVR authorises you to view and download the Materials at this Web site ("Site™)
only for your personal, non-commercial use. This authorization is not a transfer of
title in the Materials and copies of the Materials and is subject to the following
restrictions: 1) you must retain, on all copies of the Materials downloaded, all
copyright and other proprietary notices contained in the Materials; 2) you may not
modify the Materials in any way or reproduce or publicly display, perform, or
distribute or otherwise use them for any public or commercial purpose; and 3) you
must not transfer the Materials to any other person unless you give them notice of,
and they agree to accept, the obligations arising under these terms and conditions of
use. You agree to abide by all additional restrictions displayed on the Site as it may
be updated from time to time. This Site, including all Materials, is protected by
worldwide copyright laws and treaty provisions. You agree to comply with all
copyright laws worldwide in your use of this Site and to prevent any unauthorised
copying of the Materials.



UNIVERSITY OF SOUTHAMPTON
INSTITUTE OF SOUND AND VIBRATION RESEARCH

DYNAMICS GROUP

Power Transmission to Flexible Receivers by Force Sources

by

L. Ji, B.R. Mace and R.J. Pinnington

ISVR Technical Memorandum: 877

December 2001

© Institute of Sound & Vibration Research






Contents

1. Introduction
2. Power transmission to flexibie receivers by discrete force sources
2.1 The frequency Response Function (FRF) method
2.2 Simplification and approximations for the vibration power
2.2.1 Special frequency range excitations
2.2.2 The multipole method
2.2.3 The mean emission method
2.2.4 Simple estimates of the transmitted power
3. Power transmission to flexible receivers by line-distributed force sources
3.1 Deterministic approaches
3.2 The modal analysis methods
3.3 The Fourier Transform methods
4. Power transmission approximation by the power-mode method
4.1 Power-mode theory
4.2 Power transmission approximations
4.2.1 Low-frequency range power transmission approximation
4.2.2 High-frequency range power transmission approximation
4.2.3 Mid-frequency range power transmission approximation
4.3 Mean value for the transmitted power
4.4 Approximate bounds for the transmitted power
4.5 Moment excitations

4.6 Numerical examples

10

11

15

17

17

18

18

19

19

20

21



(4>

1€

154

4

[44

[44

SAIRIJY
SUOISNIUO0)) S
SUOMEIIOXS JUSWIOW,/8210] SNOSUBI NS {9}
spunoq Jamod pue onjea uesw sj AQ uonewxoidde 1emod €9y
UOISSIWISUEI} 19M0d [£10} PUR SSPOW 19MOJ T'9F

SIMONAS JSAIDDAI AU} JO SINI[IGOW [2POUL I3M0g ['9'f



Abstract

This memorandum concerns how one might approximate simply and accurately the
power transmission to flexible receivers by force sources (either discrete or line-
distributed). Some existing methods of simplifying the power transmission predictions
are first reviewed. Then a new technique — the “power mode” method — 1s described. By
this theory the vibration power transmitted to a flexible receiver by N discrete point
forces can be regarded as the power input by NV independent power modes. As a result
one may approximate the power by its mean value as well as an upper and a lower bound
in a simple manner. It also has been shown that this approach can be used for the cases
where both force and moment excitations are involved, provided the mobility matrices of
the receiver structures are scaled properly. Similar results can be obtamed by analogy for
velocity source excitation cases. In a companion memorandum, the methods described 1n
this report are developed to approximate the vibration power transmission to flexible
receivers from general sources, where the interest concerns the power transmission

between coupled subsystems.






1. Introduction

Any resiliently mounted machine will induce noises unavoidably to its surroundings
partly by the way of airborne sound transmission and partly by vibration transmission.
Techniques of the prediction of the transmitted vibration are less well developed than that
of the airborne sound because of its greater complexity. It has been increasingly accepted
that the power transmitted to the receiver by the machine, which is regarded as an
equivalent quantity of the structure-bome sound, best quantifies the vibration
transmission. Much of the fundamental theory of structure-bome sound power can be
found in a classical book of Cremer and Heckl ™.

The time average power at a point is
T T
P= %Re{ ! F(:)"v(t)dt} =%Re{ B[ F(t)v(t) dt} 1.1)

where F(r) is the instantaneous force, v(f) the velocity, the asterisk the complex
conjugated and 7' the time interval. When both the force and the velocity are assumed to
have a harmonic time dependence, i.e., F(1)=Fe™, v(t)=ve’™, equation (1.1) then

can be re-written as

1 " 1 »
P:ERe{F v}=ERe{Fv} (1.2)
If M and Z represent the complex mobility and impedance at the point, respectively, by
definition
v=MF,F =2Zv (1.3)
Equation (1.2) hence becomes
P :%|F|2 Re{M} = %Mz Re{Z} (1.4)

Equation (1.4) shows that the power transmitted to a receiver depends not only on the
strength of the excitation, but also on the properties of the receiver. This complicates the
analysis considerably, since the recetver is often resonant, and its point mobility or

impedance is not always known exactly.
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full geometrical dynamic symmetry of the excitation positions on the receiver, the power
transmission prediction from a source to a receiver can be greatly simplified by the
multipole method. The principle of this approach is to describe the source as a set of
vibration “poles” and the receiver as a set of polar mobilities or impedances. Thus the
vibration power transmitted by N forces can be regarded as the power transmitted by N
independent “poles” of vibration. The mean emission method is to estimate the vibration
power by a pair of formulae, one giving the mean power and the other the standard
deviation. This technique only require the mean square force, mean point mobility and
mean transfer mobility. However this method is only valid when the phases between
excitation points can be assumed to be random. For line-distributed source excitations,
The modal analysis M and Fourier Transform methods 7 have been found extremely
useful. Both of these are based on the decomposition of distributed loads into a set of
orthogonal functions and then superposition of the responses each produces. It will be
shown later they are also very useful to approximate the power transmission between
line-coupled subsystems.

A new technique — the “power mode” method — is then described. This extends the work
of [11]. By this theory the vibration power transmitted to a flexible receiver by N
discrete point forces can be regarded as the power input by N independent power modes.
As a result one may approximate the power by its mean value as well as an upper and a
lower bound in a simple manner. It also has been shown that this approach can be used
for the cases where both force and moment excitations are .involved, provided the
mobility matrices of the receiver structures are scaled properly. Finally some numerical
examples are presented.

Similar results can be obtained for velocity source excitation cases by analogy with the
force excitation cases, with the mobility matrix of the receiver being replaced by the
corresponding impedance matrix, although in this memorandum only force sources have
been considered.

121 the methods described in this report are developed to

In a companion memorandum
approximate the vibration power transmission to flexible receivers from general sources,

where the interest concerns the power transmission between coupled subsystems.
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available to acceptable accuracy. This provides the motivation for engineering
approaches which give a simple but accurate approximation to the transmitted power.
Often also it is the frequency average power which is of interest. Some possibilities of
simplifying the power prediction procedures by using fewer terms are described in the

following text.

In many cases of practical interest, the study of vibration transmission from a source to a
receiver usually only needs to consider the bending motions of the structures. Therefore

no in-plane motion is included in the rest of the analysis.
2.2 Simplification and approximations for the vibration power
2.2.1 Special frequency range excitations

When the force sources are the same type and also uni-directional vibration is
concemed, the transmitted power can be simply predicted for very low- and very high-

frequency range excitations.
2.2.1.1 Power prediction for low-frequency range

The low-frequency range is defined here when the wavelengths of vibration waves {e.s.
the flexural waves) in the receiver structure are large compared to the distances between
the excitation points. The excitations are then in effect applied at the same point so that
the corresponding point mobility and the transfer mobility are almost equal, i.e.,

M =M =M. (2.2)

Combining with equation (2.1), the power then can be approximated by
1 N

P~—||>F,
2 n=1

Therefore an accurate prediction can be made knowing only the excitation forces and the

JRe{Mm} (2.3)

real part of the point mobility of the receiver.
2.2.1.2 Power prediction for high-frequency range

Similarly, a simple estimate of transmitted power can be made for very high frequency
limit where all excitation points are separately by a distance that is large compared to the

wavelength. They can then be regarded as being independent, due to very short
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Equation (2.9) shows that the vibration power transmitted by N forces can be regarded
as the power fransmitted by N independent “poles” of vibration {e.g. monopole, dipole,
etc). Thus the measurement and prediction of vibration power can be facilitated. At the
same time it can be used quite easily to determine the dominant “poles” of the vibration
behaviour of the structures. This technique is particularly effective if it is found that only
one or two poles are significant with regard to power transmission. Then only a few of
the terms in equation (2.9) contribute to the transmitted power. No moment excitations
have been considered.

In the above the size of the Hadamard matrices are N =27, p=1,23.... Although four
or eight excitation points are relatively common in practical engineering, many other
possible values of N may not be related by N =27, However, since the polar mobilities
and in particular that of the monopole, which is usually the most dominant source, are not
very sensitive to the exact positions, the number of points used may not have to
correspond to the exact number of excitations but to the convenient N =27. This is
particularly useful if there are a large number of excitation points and some of them are
spaced within one half wavelength. But for higher frequencies where all the excitations
points are spaced more than half of the wavelengths with each other, no such

simplification can be made.
2.2.3 The mean emission method

For more general cases, i.e., the frequency range is neither very low nor very high, and
the excitations and receiver structure are not symmetric, the simplifications of Section
22.1-2.2.2 cannot be made. However, it is also possible to find simple estimates of the
transmitted power using fewer terms than equation (2.1) but at the cost of replacing the
accurate prediction by an approximated power band. _

In [10], equation (2.1) has been simplified to yield the following estimates of the mean

power and the standard deviation

E(P):%[%i[ﬂf)Re{%ng} (2.10)
o(P)=2 & 3wl "By,

2.11)




‘sojdurexs
[eotIowInU SwoS Jo Iomod penuIsuen jo uonewnss syl 0} uonesydde sy yum oye3oy
‘paqusap s1 yoeoidde opouwr 1amod Syl p UONDIS U] ISAIS0DI JY) JO XUBW AN[IGOw
ay) Jo uonisodurodsp-usSio Uo paseq ST Yoiym ‘poyowr opow Jemod oy ‘onbruyos; mou
® Jo juswido[aasp a1 Jo uoneanow oyj sopiaoid sty (pSusjosem a1} 03 paredwoo asop
AJoAnejar pue ‘eseyd-ur 9q ABW $30I0) SYF §°9) YSNOUS OJRINOOE 9Q POLPOUr UOISSIWD
ueaw oy} Aew Jou ‘d[qestjdde aq yorordde sjodnniuu 9y) Aeui 10U ‘{77 UONIIS JO S|
Kouanbag y31y pue mo[ a3 01 puodsanod Jou ABW UOLBMIS O} ‘TAIMOY ‘SOSED JSOUI Uf
"A9BINDOE JUSIOIINS O} UMOUY 9q Jou Aeul vjep painbal o1 10 sArsusdxd AJjruoneIndos
001 oq Aew (1°7) uonenbs jo uorssordxa [jnJ oy], ‘Imod paprwsuen syl Jo SINELWINSS

ajpunxordde ojenooe jnq Siduns pulyy 0) suonenys AURW UI OJISOp SUOXS ¥ SI SIS,
smod payuasue.sy ) Jo sayewunsd dunts $7°7

‘po1ouS1 5q Ued WOPISI JO SIAIBIP UML) S}O9YJ8
Surjdnoo-ssors o1 uUSYM papnour 9q AJUO HED SUOHENOXD JUSWIOW JY) dIOWIdyUNg
TWOpUBI 9Q 0} PAWINSSE ¢ UED SUONBNOXS UsamIaq soseyd oY) usym pIRA AJUO
SE POUISW SIY} J9AMOH “1omod UOHRIQIA S} SIBWNSS 0} pannbal are AJ[IqOuT ISjsuen)
ueow pue Aupiqow jurod uesl 9010y oIenbs UBSW oYl A[UC UISS 9q UBD I SUOTIENIXI

sorojquiod yo Joqunu Ayl N pue sjuod uonepoxs oY) Juowr sAPIIqoOW Idjsuern

oip e SwiSe1oar Aq PaASIUOR IDAIS0I 94 JO AJ[IqOUL JSJSULI} UBSW O} SI l"]_/_vi ‘Q10H



3. Power transmission to flexible receivers by line-distributed force
sources

3.1 Deterministic approaches: The Green function and Finite Element methods

The Green Function and Finite Element methods are the most general of the techniques
of estimating the power transmitted by distributed sources. The main principles of the

Green Function method are described below. Further details can be found in [1].
If F(o,) is the only force excitation applied at position &, on the receiver and v(<) is
the velocity response at o, the general Green Function of the receiving structure can be

expressed by

v(o)
F (o) (3.1)

Then under action of distributed force excitation the velocity response at & can be

u(o,0,)=

written as

v(o)= Iu(o‘,o‘U)F(d{,)dcro (3.2)

When the force distribution (o) is assumed to be time harmonic, the vibration power

transmitted to the receiver can be written as
P =%Re{ﬂF*(G)u(a,do)F(aO)daoda} (3.3)

When the receiver is excited by N discrete forces, by equation (2.1) the transmitted
power can be expressed by '
1 N N .

P= ERe{;;Fm u,,,,,F,,} (3.4)
It can be seen that when N — o, equation (3.4) becomes (3.3). Therefore equation (3.3)
is in effect an extension of equation (2.1). It represents a unique and complete solution for
the vibration power transmitted to a receiver by an arbitrary force source distribution.
However the direct calculation of the power is usually rather complicated, especially

when the structures have complex geometries and non-classical boundary conditions. In
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Im=n

i m'g, (o), (c)do :{ ’ (3.6)

Om#n
where m' is the mass density distribution of the receiver structure. Then the Green

function in equation (3.1) can be obtained in a well-known form as

¢m G)¢m (0-0) (3 7)
o 1"']7?) ‘

u(o,0,)=jo

where @, is the m th natural frequency of the structure and 77 the material loss factor.
Combining equation (3.7) with (3.3), the power transmitted to a receiver by a distributed
force source can be written as

w IF*(G)¢m (J)deF("o)¢m (05)da,

P=j < = 3.8
(0 S B (R o

Equation (3.8) can then be re-written as

P= %Re{Z]Fm i a,,,} (3.9)
where F, is the m th modal force given by
F,=[F(o),(0)do (3.10)

Equation (3.9) shows the modal analysis method is particularly efficient if the modal

shape functions of the receiving structure along the excitation line are exactly known. In
more general cases (e.g. non-uniform structures) where one cannot find the analytical
expressions for the structure’s mode shapes directly, some numerical methods, for
example, the Finite Element method, may be useful to find the modal properties of the

structure.
3.3 Fourier Transform method

The Fourier Transform method is particularly useful, when the receiver structures are

uniform and infinite and where the excitation is applied along a straight line.
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Applying the two-dimensional Fourier transform to (3.18), it follows that

D, (k2 +K2) W, (k..k,)-m,@'W, (k.k,)=F (k) (3.20)

X2y
From the above equation, the Fourier transform of the displacement is

F(k)

W, (kx,ky)z Dp(kf +kj)2 g~ (3.21)
Then the inverse Fourier transform of the plate is
w, (%)= —-jj W, (k,.k, )e’*"e’™ dk dk, (3.22)
From the above equation it follows that
(, o) = J‘ [w, (k.. k, )" dk,dk, (3.23)
The integral over k, can be performed to give
W, (k)= —Z%IWP (k. , )k, (3.24)

Substituting equation (3.21) into (3.24), the displacement response of the plate in the

wave-number domain can be obtained as
w,(k,)=F(k)a(k,) (3.25)

where

(3.26)

alk
( x) 4D kz[\/kz k2 ﬁz_'_sz
is the line receptance of the plate in the wavenumber domain, and &, = #mpfoz /Dp is the

wavenumber of the plate.
From equation (3.25)
v (k)= joF (k.)a(k,) 3.27)

Combining this with equation (3.16), the power transmitted to the plate is

1 +ao
P=;Re{£

(kx)dkx} (3.28)
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4. Power transmission approximation by power-mode methed

4.1 Power-mode theory

As shown in Section 2, there is a strong desire in many situations to find simple but
accurate approximate estimates of the transmitted power, since the full expression of
equation (2.1) may be too computationally expensive or the required data may not be
known to sufficient accuracy. Although some specialist methods B9 nave been
developed to approximate the power transmitted from machine to flexible receivers, it is
true to say more research is required before generally accepted and reliable methods are
developed, due to the limitations of these existing techniques. This provides the
motivation of the development of a new technique, the power mode method, which 1s
based on eigen-decomposition of the mobility matrix of the receiver. It has some
similarities to the multi-pole method 391 in that a set of force/velocity sources Is
transformed into a new set of power modal forces/velocities by weighting them by a set
of orthogonal functions. (Some initial investigation can be found in [11].) There are two
main advantages of this power mode approach. First, the transmitted power is often
dominated by one or a few power modes, so that a simple approximation to the power
transmission can be found. Secondly, it allows expressions for the bounds of the
transmitted power to be developed in a simple manner as described in Section 4.4. The
theory behind of the power mode method is described below.

The general expression for the power can be written as

1 1
P:ZRe{FHV+VHF}=ZRe{FH (M+M" )F} @.1)
Then the transmitted power becomes
P= %FH Re[M]F (4.2)

Equation (4.2) denotes that the power transmission is only related with the real part of the

mobility matrix, while its imaginary part can be totally ignored.
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N
P=2Q"AQ=22J0.f 4, (12)

Equation (4.12) indicates that the vibrational power transmitted to a structure by N
forces can be regarded as the power input by N independent power modes, with the
applied force F being transformed to a new set of power modal forces Q, and the
receiver described by a set of power modal mobilities 2,, these being the eigenvalues of
the real part of the mobility matnx.

It can be seen that the power modes of a structure are analogous to the “radiation
modes” ¢! sometimes used to describe the power radiated by a vibrating surface into a
surrounding acoustic medium.

Conceptually equation (4.12) is very helpful. However it does not provide any practical

advantages over equation (4.2) since one needs to know Fand Re[M] to find Q and A.

In [11], it had been suggested to approximate power using an upper and a lower bound,

but no further results had been published.
4.2 Power transmission approximations
4.2.1 Low-frequency range power transmission approximation

The low-frequency range here is defined as that for which kl<<1 (k is the
wavenumber and / the space between the excitation points), or the frequencies are below

the critical frequency of the receiver structure. In this range,

From equation (4.3), it follows that
N
A~Y Re{M,}, Ay v =0 (4.14)
n=1

T

\plz-ﬁ[l 1o 1], (4.15)

Substituting equation (4.15) into (4.10), the first-order power modal force can be obtained

as
1
|Q1|2z—A7|FI +Fy 4+ Fyl (4.16)

Equation (4.12) becomes

17
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4.3 Mean value of power transmission

Equation (4.12) can be further simplified by the mean value averaged over all the power

modes rather than the individual values. The mean square power modal force can be

obtained from equation (4.11) as
|Q| [F i (4.21)

The mean power modal mobility is given by equation (4.7). The mean value of the
transmitted power, when averaged over all the power modes, can then be written in terms

of the mean square force and the mean point mobility as

ep)=Y(1s ZRe{M ! (4.22)
2\N n=l
Equation (4.22) is in agreement with the result of reference [10].
For the special case where M, =M, =...=M,,, =M,
1{& 2
=2 SI|E| [Refas,,} (4.23)
n=l

Equation (4.23) is equivalent to the power input to an infinite structure by multi-point
forces at high frequencies. Thus the transmitted power converges to this mean value as

frequency increases.
4.4 Approximate bounds for the transmitted power

Upper and lower bounds for the transmitted power can be derived from some properties
of the power modes. In [11], the upper and lower bounds of the input power to a structure
are given by

1(&
g(glf’ll J"L <P<> [ZIF] J (4.24)
Combining with equations (4.7) and (4.8), the power bounds can be approximated by

St Ja-o)=e=3(3

n=l

. ZJ(;T +o) (4.25)

The advantage of equation (4.25) is that no knowledge of the force source distributton is

required. However, for structures with low mode-count (e.g. low and mid-frequency
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The power mode method can also be used for the cases in which both force and moment

excitations are involved, provided the mobility matrix of the receiver structure is scaled
properly.

If the source excitation F is formed partly by a set of forces and partly by a set of
moments, and M the corresponding the mobility matrix of the receiver composed of
force and moment point mobility and transfer mobilities, the transmitted power can be
written in the same form as equation (4.2).

Let M be written as '
Re[M]=AMA, (4.29)

where, A, is a diagonal matrix with

A = /Re{Mm} (4.30)

and A,,, and Re{M,,} are the nth diagonal elements of [ A ]and Re[M], respectively.

Substituting equation (4.29) into (4.2), one may obtain

P= %FHMF (4.31)

where
F.=AF (4.32)
M, =A, 'Re[M]A,” (4.33)

Then all the results derived above will hold, provided one replaces ¥ by F, and Re[M]
by M, . This procedure in effect scales the individual generalised forces by a factor equal

to the square root of the real part the input mobility.

4.6 Numerical examples

The response of a plate in bending is not only relatively simplé to model analytically but
is also physically representative of many real receiving structures. For an initial
investigation, numerical examples of thin perspex plates (finite and infinite) excited by
discrete force sources at arbitrary points are therefore developed. For simplicity, the finite
plate is chosen to be rectangular and simply supported so that its modal properties is

easily to know. Three points on the plate are chosen as the excitation positions. The
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a small power modal force. Thus at some frequencies, the lower order power modes can

transmit less power than the higher ones, as in Figure 4.3 and Figure 4.4
4.6.3 Power approximation by its mean value and power bounds

Tt was shown in the previous sections that the transmitted power can be simply predicted
by its mean value and upper and lower bounds. The related approximations are given in
equations (4.22), (4.25) or (4.26). Figures 4.5 and 4.6 show the comparisons of the mean
and exact power transmitted to the finite and infinite plates, respectively. It can be seen
that the mean power expression in equation (4.22) can be used to approximate the power
transmission quite well. The upper- and the lower-bounds expressed in equations (4.25)
and (4.26) give the limits of this transmitted power, as shown in Figure 4.7 and Figure
4.8 Tt can be seen that for a structure with low mode-count, the lower bound expressed in
(4.26), which is the approximation of the first power mode, is generally closer fo the
exact value than equation (4.25), whereas for high mode-count or non-resonant
structures, equation (4.25) is more appropriate.

Figure 4.9 shows the predicted power by the mean emission method " in a form of
power bounds given by equation (4.28) for the rectangular plate example. It can be seen
the bigger errors occur in the low mode count frequency range. This is because the mean
emission method is derived on the assumption that the value of the relative phase angles,
which is a combination of the phase differences of the force excitations at the individual
points and the phases of the complex transfer mobility between these points, are random
and equally likely. However, this “random phase” assumption does not hold for the low
mode-count area. Therefore the mean emission method is not suitable for the low mode-
count structures. For high mode-count or non-resonant structures, the mean emission

method is a good way to predict the transmitted power.
4.6.4 Simultaneous force/moment excitations

The power mode method can also be applied to the cases in which both force and
moment excitations are involved, provided the mobility matrices of the receiver
structures are scaled appropriately. The influences of the moment excitations are
investigated here by assuming the discrete point sources are simultaneously co-located

force/moment excitations. Figure 4.10 is the comparison of the power transmitted to the

23



vT

0: €KW ‘[ZO: EJ’W cb/ﬂf73§‘0 == E{
0= Y €0 = "IN C T =

‘o=Ywzo="Ww1=Y $9910] UOHRIOXY

(sv'0°Le )= %) *(sv'0°68°0) = ("4 %) *(s¥°0°LE0) =( ") | suonsod uonenoxy

Q€ (0=0NBI § UOSSIOJ : ¢() ()=I0J0L] §SOT

{W/SYZG [ [=ANSU( L UYN 69 p=Snjnpow s 8unox | serpedoid [enoje
(Apuo merd menSueoar oY) 10§) W O=TPPIM “WZ=ISud]
‘0T ¢ Q=SSAWAIY L SOZIS UOISUSWI(]

Ayuryun papugxs s pue ‘(papoddns Aduns) syerd sejndueiony gasMONIg

sojduwrexe [edUSWINY 31U JO s1o1wWered [y AqEL

xujewr ssuepadwl Surpuodsarzon oy}

£q peorjdar Sureq 19A19031 543 JO XINRUI AJ[IQOW 3} (PIM ‘S301N0S JUSWIOWS/3DI0F S M
ASo[eue Aq SOSED UOTIENIOXO 90INOS UOHRIOL/AJIOO0[IA JOJ POUTEIQO O UBD SINSAI JE[IuIg

"ploy A100y) opour 10m0d Y} Aq PAUIEIqO SUOTSN[OUOY

Sl [JE SYp 1By} USSS 8q ued J] 'Spunoq Iemo] pue Iaddn jo suonewrxordde sy smoys

11y omS1] pue 4[nse1 }oexd ayy pue uonewrxoidde snjes uesw sp 4q ajejd ren3ueIdal



Mobility (m/s/N)

M obility {m/s/N)

10

10

10

10

10

10

Power mobilities of the rectangular plate

T T T T T

| ___ 1st power mobility
2nd power mobility
— - . 3rd power mobility

1000

-5
o 100 200 300 400 500 600 700 800 900
Frequency (Hz)
Figure 4.1
p Power mobilities of the infinite plate
E —— 1st power mobility
A 2nd power mobility
3 ‘ — .. 3rd power mobility
2 |
N T ]
o T T T
H
L
i
4
5 I L1 1 ] 1 [ 1 I 1
0 100 200 300 400 500 600 700 800 900

Frequency (H2)

Figure 4.2

1000

25



9C

'y 2In31g

(zH) Aouenbalg

009

00¥ 00t 00< oot

00s

008 008 004

0004

Power (dB re:1W)

S

& R N A o
4] (=) wm o =
T T T ,
sexzzzziiIIIIIIIITIILLLTTT
AN ]
o
W N
o
D.W.m_wmw
- A
c3 ¢cmo
£z 2
® 5 @ =
| 5 0
Imwwl
Qo a O
a g a
.aea
, 1

(eyerd ejuyul) sepow Jamod [ENPWPUI PUE LO|SSILUSUBY Jlamod |ejoL

¢y am31g

(zH) Aousnheld

006 008 00, 009 00§ oor ooc 11014 oot

0001

Si-

¢n n
I o
— _ =T
.................... =
| ]
o
Wk =T
N
ey
o — i
03 oo
== Q
¢ 5 @ =
= 2 o
|13 33" R
0 g ©
a3 a
oG @
, ]

{o1ejd auuy) sepow Jemod |ENPRIPUI puE uolssIwsue) Jamod jejoL



Power (dB re:1W)

Power (dB re:1W)
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5 Conclusions

This work described in this memorandum is an attempt to develop simple and accurate
approximations for the power transmitted to flexible receivers by force sources (etther
discrete or line-distributed). Three general approaches, FRF method, FE method and
Green function method, are reviewed and some possibilities of power prediction
simplifications using existing techniques are discussed. These include the multipole
method, the mean emission method, the modal analysis method and the Fourier
Transform method. Then a new technique — the “power mode” method — is described. By
this theory the vibration power transmitted to a flexible receiver by N discrete point
forces can be regarded as the power input by N independent power modes. For low
mode-count structures, the first order power mode dominates the total power
transmission, whereas for high mode-count or non-resonant structures, more power
modes become significant. To predict the transmitted power using power modes directly
usually has no practical advantages over the mobility matrix method. However, by the
power mode theory one may approximate the power by its mean value as well as upper
and lower bounds in a simple manner. It also has been shown that this approach can be
used for the cases where both force and moment excitations are involved, provided the
mobility matrix of the receiver structure is scaled appropriately.

Although in this memorandum only the force sources have been considered, similar
results can be obtained for velocity source excitation cases by analogy, if the mobility

matrix of the receiver is replaced by the corresponding impedance matrix.
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