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1, INTROQDUCTION

Pover flow techniques &are being used increasingly to tackle vibration comtrol
problems. Three methods of memsuring the power ilnput to a structure are
presented here together with e¢xperimental results. The three methods are:
pover input wia a single force, power transmitted through & wibration isolator
pover absorbed by a finite structure subjected to undefined forces.

2, POWER INPUT TO A STRUCTURE BY SINGLE POINT EXCITATION

A force with A harmonic time depisdence iFI sin wt, wcting at & point on a
gtructure of mobility |M| |M ] causes 8 veloclity of ]VT sln {wt+¢) at that
point. The time averaged input power P 18 given by

= 'r é | |v] sin wt. sino(utsd) dt.
Integrating this expreseion leads to the alternative forms

P = % [F] 1vicos ¢ =% [F|2. Re {N} =< Re {Fvs} =-;- [v]2. Re {z].

where z is the point impedance. 2.1-2.3
Likewige, i1f the structure im driven by & force of random time dependence of
spectral demsity G, givimg rise to an acceleration at that point of spectral
density Gaa' the power/Hz ia
P/Hz = (1l/w). G... Tm {T} = (1), I {G_ } = (1/w) 6 . Im {A}
Fa aa

2.4-2.6
where G is the cross spectrum between the force and ecceleration, I is the
inertance and A the apparent mass. Expressions 2.1-2.6 all represent practical
means of memsuring power for simple point excitation but obly expresaions 2.2
and 2.5 can be used for multipoint excitation as the other methods require
definition of transfer mobility and impedance terms, which make them impractical.

FF*

J. THE DETERMINATION OF POWER TRANSMITTED THROUGH AN ISOLATOR VIA
MEASUREMERT QF THE ACCELERATIONS AT THE ENDS OF THE ISOLATOR

A method of measuring the power transmitted through an isclator is presented,
which reguires a knowledge of the isolator properties and the accelerations at
each end of the isolator.

The power transmitted through an isoletor cah be calculated with referegee to
Fig. 1, in which the end faces of the 1sclator are permitted to move with only
ohe desree of freedom.

For harmonic excitation, the force at the base of the isoletor, 52. can be
written es

Fz = A12 e, + Az g, 3.
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where iz and Kih‘nre-tha ipolator direct and transfer 'apparent maes'

Force Fl

l acceleration a

T ! Figure 1

isolator

* L ecceleration 82

Force F2

Using equation 2, 2 the transmitted power can be written na(1ﬂm)F ai which on
substituting for FS gives

P = (/). Im {& lEzlz}. 3.2

3 oE.¥
12 8 22" v A

Io practice the second term in { ) 15 small enough to be neglected.
Therefore the time averaged power ls approximately

P = (/2w). Im{4, 6,6 .} 3.4
where G is the cross apectral density of a, and & This expreasion can
be used %o menoure the total vibration powsr transmittea from s multisupported

machine by summing the individual power contribution through each isolator,
Only the trensfer apperent mass of each 1sclator is required, which at low
frequencies is aimply

312 = (Raw?) + in K/l

where K is the dypamic stiffoess and n the hysteretic damping coefficient.

4, MEASUREMENT OF POWER ABSORBED BY A FINITE STRUCTURE SUBJECT TO
MULTIPOINT EXCITATION

A method of measuring the power ebsorbed by a fimite structure subjected to
undefined forces is presented. The method ig only applicable when the structure
is sufficiently lightly damped for the vibrations to be governed by modal
behaviour. Under this condition the power input to the structure can be equated
to the sum of the powers abscrbed by each vibrational mode. The power absorbed
by each vibrational mode 18 calculated from the resobance peak value of the
point or transfer inertance at selected positions ¢on the structure and the
acceleration spectra at those points. In order to gain an estimate of the power
levels between resonances, cublc spline curves are fitted through the resonance
peck ipertance values., Experimental work has boen carried out on a damped plate
in order to gtudy the practicability of the methed.

4.1 General Expressions: 1f a structure is excited by N forces Elalmt

F qut - F aiwt « the generaléaed force to the p'th mode fp of the atructure

can be written as f = E F, o, . 4.1
P - R "Rp

100



Proceedings of The Institute of Acoustics

METHODS FOR MEASURING POWER INPUT TO A STRUCTURE

where on 18 the eigenvector of the p’'th mode at ﬁ;ﬁitlon R. The velocity at
any poin& a, Va is given as
m

= E Mo 4.2

& = P B P

i z 2 .2 2 242 2y2
Mp (llmp)(nwwp + 1w(wp i ))A(mp —w)C + (nmp) ) 4.3

where m and w_are the generalized mass and angular patural frequency of the
p'th modg; n 1apthe lose factor,

From equetion 4.3 an important relationship can be written.

u |2+ Re (M} =
. P | P

where Mp is the rescnance peak value of Ep when o = wp.

The power input to the system from K forces can be expreased as

* VvV
P Re { Fi

2 R=1
equations 4.2, 4.1 becones

R }, which on substituting from

p=1lf]z£2na{u} 4.5
p P’ ’

2 p=1

Thus it can be seen that the total power ioput is the sum of the powers to each
mode.,

4.2 Estimeting power input from velocities at two points

Using equation 4.2 the product of the velocities at two arbitrary points r and s
can be written as

m o
TV = ¥_|2, . £ |2
8r p=1 | Pl usp arp f Pl * p£1 q£1

P=4q

1) At frequencles near to the p'th mode only the p'th term in the left haad
summation coatributes gignificantly to the velocity product, provided the modes
are well separated. Meking use of equations 4.4 and 4.5 the power to the p'th
mode Pp. near to resonence can be writtem as

- -

/M it r# s

1 P —
Po= () lvavl_ I. ore

P

1 2 -
or P, P Ivsl /R
vwhere M s and M v are the resofance peak values of the point mobility at s and
the modulis ot tBe%transter mobility between points r and s.
{11) Between two adjacent wmodes p and q the power cannot be accurately predicted,
but from inspection of expression 4.6 it can be shown that an average estimaote
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can be obtained uslag the arithmetic mean of the two edjacent peaks 1i.e.

P +P = + [V.§¥
P q 2 ar

-

. .
| 2/ TR . 4.9

The proposed method:

For random excitatious, the power/Hz mbsorbed by s structure at any frequency
can be estimated from & two point measurement of mcceleration using

[V 4,10

E(P)/Hz = (l/w) |G s

3]
where G 1s the cross spectrum of the accelerstion signals between two points,
and Irn g the envelope of the peaks in the transfer inertance between points

r and 8, In practice this envelope 1s a cublc spline curve fitted through the
resononce pesks, constrained to Zero slope in the reglon of esch reascnance.

Likewise using & single point meesurement

E(P)/Hz = ({l/u) iGs| /1, 4,11

where G_ 1s the power apectrum of the ancceleration at point s and I  1is the
envelope at the pesks of the imaginary component of inertance., Theslimitatlon
of this method is that individusl resonance peaks must be detected, which i1s not
always possible 1f two modes are close. However any errors resulting from the
non detection of a mode leads to An underestimntion of the power, Thus 1f two
separate measurements are made the larger at any frequency can be taken as the
more accurate. The transfer measurement method (equetion 4.10) is preferable

to the point measurement method because: the measurement 18 easier to make, the
modes are more evenly excited and detectable,
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