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1. INTRODUCTION

Power {low techniques are being used increasingly to tackle vibration control
prohlems. Three methods oi measuring the power input to a structure are
presented here together with experimental results. The three methods are:
power input via a single force, power transmitted through a vibration isolator
power ahsorhed by a finite structure subjected to undetinsd forces.

2. POWER INPUT TO A STRUCTURE BY SINGLE POINT EXCITATION

A force with a harmonic time depegdence IFI sin wt, acting at a point on a

structure of mobility IMI = IMIe causes a velocity oi 1V sin (mtod) at that
point. The time averaged input power P is given by

p = % 5" |r| {v1 sin wt. stnmno) dt.

Integrating this expression leads to the alternative forms

11 _p = gm 1v3m¢=3|r|a Re m1= 2 a. (59-) =5 M2. Re 5).

where E is the point impedance. 2'1_2'3

Likewise, ii the structure is driven by a force of random time dependence of
spectral density G , giving rise to an acceleration at that point of spectral
density can. the power/Hz is

P/Hz = (1m). 0",. In (I) = (l/w). Im (ch) = (UN) on, m {g}!I 2 6

where G I is the cross spectrum between the iorce and acceleration, i is the
inertance and A the apparent mass. Expressions 2.1-2.6 all represent practical
means of measuring power for simple point excitation but only expressions 2.2
and 2.5 can be used for multipoint excitation as the other methods require

definition oi transier mobility and impedance terms, which make them impractical.

3. THE DETERMINATION OF POWER TRANSMITTED THROUGH AN ISOLATOR VIA
MEASUREMENT OF THE ACCELERATIONS AT THE ENDS OF THE [SOLATOR

A method of measuring the power transmitted through an isolator is presented,
which requires a knowledge at the isolator properties and the accelerations at
each and of the isolator.  
The power transmitted through an isolator can be calculated with rsierence to
Fig. l, in which the and faces oi the isolator are permitted to move withonly
one degree of freedom.

For harmonic excitation, the (arts at the base or the isolatorI 5
written as

2. can he

F2 = A12 I1 + A2 I2 3.]
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where A2 and iii ere-the isolator direct and transfer 'apparent mass'

Force i1

acceleration :1

T Figure l
isolator

T acceleration 32

2
Using equation 2.3 the transmitted power can he written aa(1flu)§2 E; which on
substituting tor F3 gives

p = (1/zu). In {K

Force F

' ' 212 al a2' e A2 lag] I. 3.2

In practice the second term in { ) is small enough to be neglected.
Thereiore the time averaged power is approximately

P = (1/2»). 1m ( A”. a“ a2 ) 3.4

where El I2 is the cross spectral density of :1 sad E . This expression can
he used to measure the total vibration power transmittea from a multieupported
machine by summing the individual power contribution through each isolator.
Only the transxer apparent mass oi each isolator is requiredI which at low
{requencies is simply

in = (ll/oz) om an»Z

where K is the dynamic stifineaa 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 absorbed by a finite structure subjected to
undefined forces is presented. The method is only applicable when the structure
is suiliciently lightly damped tor the vibrations to be governed by model
beheviour. Under this condition the power input to the structure can be equated
to the sum 0! the powers absorbed by each vibrational mode. The power absorbed
by each vibrational mode is calculated from the resonance peak value or the

point or transier inertance at selected positions on the structure and the
acceleration spectra at those points. in order to gain an estimate at the power

levels between resonances, cubic spline curves are fitted through the resonance
peak inertance values. Experimental work has been carried out on a damped plate

in order to study the practicability oi the method.

- imt
4. General Egnressiena: l: a structure is excited by N forces Fla ...

inelgt ... iue‘w' . the gensralfised (area to the p'th mode tp oi the structure

can be written as 1 = Z P a ' 4‘1

9 a=1 R R?
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where on is the eigenvecter o! the p‘th made at position R. The velocity at
Any poin‘ e, V. is given as

I

\7 = Z i e .i 4.26 F, v 3P p
where

in = u/annm: + mm: -m2))A(u: «3% ~ (M92) 4.:

where m and u are the generalized mass and angular natural frequency of the
p'th modg; n ispthe loss factor.

From equation 4.3 an important relationship can be written.

[M [2 = Re (M }. n 4.4_ p p p
where up is the resonance peak velue of up when m = up;

The power input to the system xrom N forces can he expressed as

N
p = g I Re ( r; vR ), which on substituting from

equations 4,2, 4.1 becomes =

1 II

P=E {lilzflefllL 4.5F1 9 P

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

4.2 Estimating power input fromvelocities at two points

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

m m m _ _
Vavro = 2 IM |Z. as .ur [r l2 + I [ MM

Fl v p p 12 F1 F] n q p q I'P sq

p=a p7“:

(1) At frequencies near to the p‘th mode only the p'th term in the left hand
summation contributes significantly to the velocity product. provided the modes
are well separated. Making use of equations 4.4 and 4.5 the power to the p'th
mode, Pp. near to reaenence can be written as

1 - — ' ~Pp — (E) [vavr I. / up” i! r 1 e 4.7

or P = (3) IV I2 / i u r = a 4 ap 2 a pa ' ,

where M and I are the resonance peak values of the point nobility et a and
the moduygs e! teestrnnster mobility between points r and s.

(11) Between two adjacent modes p and q the power cannot be accurately predicted.
but from inspection or expression 4.6 it can he shoah that an nverage estimate
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can he obtained using the arithmetic mean of the two adjacent peaks i.e.

1 — — n ‘ ‘p, + 1aq — 5 IVIVr l 2 / up" + sq") 4.9

The' zregneed method:

For random excitations, thepower/Hz absorbed by a structure at any trequency

can he estimated Iron a two point measurement of acceleration using

I/ l 4.10sun/u: = (llw) lo H
[E

where a is the erase eyectrum o! the acceleration signals between two points,

and Ifa {3 the envelope at the peaks in the transier inertanoe between points

r and s. In practice this envelope is e cubic spline curve titted through the
resonance peaks. constrained to zero slope in the region of each resonance.

Likeliee using a single point measurement

E(P)/Hz = (l/m) Iasl / 18 4.11

where (33 is the power spectrum of the neceleratlon at point e and Ill is the

envelope at the peaks 0! the imaginary component a! inertsnce. The limitation

a: this method is that individual resonance peaks must he detected, which is not

always possible it two modes are close. However any errors resulting from the

non detection o! a mode leads to en underestimation of the power. Thus if two

separate measurements are made the larger at any frequency can be taken as the

more accurate. The transfer measurement method (equation 4.10) is preierehle
to the yoint measurement method because: the measurement is easier to make, the

modes are more evenly excited and detectable.
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