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1. INTRODUCTION

There are mainly three different methods to determine the stmcture borne sound
energy flow through vibration isolators [1-11], see Fig. 1.

 

Method A Method 3 Method C
Figure 1. Three methods for meanuemem of energy flow through vibration isolator;

Method C has been developed and tested within this project.

2. THE METHOD

Theory
A useful representation of fields at junctions between isolator and mounting

structures is by generalized variables

\\\\\\\\\\\ acting at the center ofthe junCtions.
In Fig. 2, stress fields are
represented by generalized force
tensors and displacement fields are
represented by generalized
displacement tensors. Each
generalized variable consistsof six
components. The technique is

Figule 1. Remesematianoffields. known as multi port method.
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The time averaged structure borne sound energy flow through a vibration
isolator and induced into receiving structure is expressed by

(P),= is "m uranium. a)
where i is imaginary unit, a) is angular frequency, i is second order unit tensor, F
is second order spectrum density tensor, : denotes double contraction and
(e) = r “(may , is temporal Fourier transform. The correlation tensor is given

by
m

r(f.u) = pg; M0814: +M. (2)
.172

where 8 is the classical tensor product. Through the relation

fififirilfiin'ilz- (3)

where ' denotes single contraction. in and in are second order dynamic
transfer and driving point stiffiiesa tensors, respectively, the relation (1) reads

(P) = e Iranian doom. (4)

where ‘ denotes complex conjugate and 7,, = F(i7|,,ii|,). Thus, the dynamic

stiifiiess ofthe isolator together with the generalized displacements are suficient
to describe the energy flow through the isolator. Moreover, the total energy flow
is the sum ofthe individual energy flows through each isolator. The energy flow
(4) constitutes the basic relation for the method. A closer examination of (4)

shows that the real part of I?” has no influence on the energy flow, while both

real and imaginary part of I?” afi‘ectthe energy flow.
The number of terms in (4) is large Moreover, the imaginary part ofthe

driving pointdynamic stifli'iess, ie 3k“, is dificult to measure accurately under
realistic conditions - high static preloads etc, due to dynamic mass loading of the
test object, high cross sensitivity of force transducers, high liability to damage and
poor moment transducers. However. for a vibration isolation system normally

307.2fiu)»5(5£z=i2). (5)
giving

(P) #stitem = Hermann <6)
~a 0

Reciprocity and symmetry considerations give further reductions ofnumber of
necessary terms.
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Measurement of dynamic still'ness
The dynamic properties ofvibrrrtion isolators are measured by an indirect method

[12,13]. The test rig and measurement set up are depicted in Fig. 3, where the

measurement of axial dynamic transfer stifliress is illustrated. The vibration
isolator is inserted between upper and lower block. The blocks respond
approximately as rigid masses, within the considered frequency range. The static
preload is obtained by contracting the upper and lower block via bolts and
additional vibration isolator: - auxiliary resilient mountings. The static preload is
measured by force gage, which is inserted between the upper auxiliary resilient
mountings and upper block. The upper block is excited by two electro dynamic
vibration generators. The motions of the blocks are measured by piezo electric
accelerometers. The measurement set up is embedded in a rigid frame, which is

constituted by a cross head, four strong columns and a heavy and rigid body.
Data collection is performed by a 4-channel fi'equency analyzer, which also
supplies the signal to the generators via an amplifier. The measurements are
controlled by a P0186.

an, .H _ “mm
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Figure 3. Test rigandmeasuremmtsetup.
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Briefly, the dynamic transfer stifliress is determined as follows: Let iii and i: .
k = l,2,...,6, be generalized displacement tensors at the junction to the upper and

I'k . . .
lower block respectively. Form ii‘ = r7181; and 171 = 17:81} , where r', . k =

1,2,...,6, are the standard basis vectors in R‘. It is possible to show that the
dynamic transfer stifliress is approximately

"rz" '°)I""7:Fir_I v (7)

where m is second order generalized mass tensor for lower block, Methods to
improve the accuracy has been developed and tested. Some ofthe improvemems
are summarized below.

Improved exciting and block arrangements. A major improvement of the
accuracy is achieved by exciting along one basis vector each time. see Fig. 4, in
addition, the displacement vector from the mass or rotational centers of inertia of

the blocks must go through the center ofthe junction to the isolator. This is very
important for the rotational degrees of freedom, see Fig. 4.
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Figure 4. improved exciting and block amusements.

Stepped sine excitation. To increase the signal-to—noise ratio and to detect

possible dynamic non-linearities, stepped sine excitation is preferable.

Effective mass. To increase the accuracy ofthe mass tensor for lower block, and

thereby the determined dynamic stiflitess, the efi'ective mass should be used. The

effective mass is determined by measurements.

Multiple load method. The accuracy is improved by identical measurements but

difl‘erent lower blocks. This is a form of multiple load method.

Symmetry and reciprocity technique. The dynamic transfer stifliress is

symmetric due to reciprocity. In addition, vibration isolators are ofien

geometrically symmetric. Symmetry and reciprocity are used not only to reduce

the measurements but to improve the accruacy. For example. the measured

vibration isolator can be inverted- ‘up side down'- and measured again. The
dynamic transfer stifiness is then averaged, as reciprocity implies equal dynamic

transfer stifl‘ness for both cases. Several other symmetry and reciprocity

conditions can be used.
Spatial avenge of displacements. Several accelerometer positions close to the

junction are used to ‘average out' motions from other degrees offi'eedom.

Source correlation technique. Source correlation technique is used to reduce
measurement noise. The output signal fi'om the fiequency analyzer is used as
source signal.

Measurement of energy flow

The energy flow through the vibration isolators is measured indirectly. The

accelerometer and experimental set up are depicted in Fig. 5. There are several

aluminum cubes, which are close to the isolators and firmly bonded or bolted to

the machinery or foundation. The cubes move as rigid masses. The

accelerometers are attached to the cubes, generally in three perpendicular
directions. Data collection is performed by 4-clrarmel frequency analyzer. The
measurements are controlled by PC486.
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The static preloads for the vibration isolators are measured by force gages, which
are inserted between the machinery and isolators. These force gages are not
installed during the energy flow measurement.

.5 Mainly.

- - Him

 

Figure 5. Energy flow masuemenL

The method includes techniques to improve the accuracy, such as spatial average
of displacements, signal correlation, windowing and zooming.

3. MEASUREMNT RESULTS

The developed procedure was tested for a real vibration isolation system. The
energy flow from the main pump of a large hydraulic power supply unit, through
four vibration isolators - Novibra C100/54A - to a steel frame was measured. The

shape of the isolators is circular cylindrical. The selected vibration isolators

exhibit internal anti-resonances within the considered frequency range. The

dynamic transfer stifliesses in all six degrees of freedom were measured for four
preloads in the fiequency range 100-1000 Hz. The results are reasonable. The
rectilinear degrees offreedom were more accurately determined than the

rotational degrees ofMom. Some results are shown in Fig.6.

LCONCLUSIONS

The procedure for measurement of structure borne sound energy flow through
vibration isolators works normally well, provided techniques to the

measurement errors are used. The main limitations are the multi point
assumption, which introduces an upper frequency limit, and the inaccuracies at
fi'equencies close to anti-resonances in the isolator and close to ranges where
‘backward’ energy flow through isolator occurs. Of course, strong reactive
vibration fields essentially influence the measured energy flow.
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Figure 6. Magnimdnfl') andphaseal) ofdynamic transfer stifl‘ness in min] direction as function

_of frequency Novibra vibration isolator C100/54A. rubber hardness A. Preloads: 137SN(A).
1715MB), 1970N(C) and 2170N(D), Normaliznd energy flow in axial direction through a
single vibration isolatbrml), preload 217014, and through all vibration isolamflV), u: the
foundation as function offiequency.
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