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ABSTRACT

The paper presents practical experiences in the field of optimum
ugesign of vibration isolators. The effect of type, size, shape and
orientation of the isolators were throughly high lighted. Practical
recommendations for the optimum design of the isolators are then given.

KEYWORDS
Vibration, isoclation, transmissibility, size, shape, spectrum,
INTRODUCTION

Vibrations, like some deseases, are "epidemic". They are vastly
transferable from machine to another through their respective
foundations. During this process of transfer, vibration may increase
in amplitude causing the “reciever"” to be greately endangered,
especially when it may happen to be a vibration sensitive machine.
The process of protecting the machlnes and/or foundations from the
transfer. of. v1brations is called (v1bratlon isolation),
Technlcally, (v1bratlon 1solat10n) is a process of storing the energx‘
cause& by a v1brating system w1th1n resxllent mounts, spec1a11y
de51gned and put in the v1brat10n path between theé machine and 1Ls
foundatlon, in such a way as to prevent the export of this energy -

- (active 1solatlon) or its. 1mport to a sen31t1ve machine (passive
1solatlon) It 11es w1th1n the capac1ty and methodology of the good
de51gn of the resielient: mounts to achleve the BEST protectlon eff-
e01ency in the relevant case of. 1solatlon. o ’
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t a straight forward one, eempll@atiens’
,lens (1 - 3) are mainly arleﬂted towards -
streamllnlng the deSLgn process to optimize the isplatien effeciency.
A quick 1ook atr the: accumulated llterature. with an experts eye,
revea]s that the lnvesﬁlgations are mainly running into two stream5
_ The' theoretlcal appreaeh which endevour to obtain a mathematical
.,mgdelfor the problem and te intreduce the best solutien for this
‘model, HSIAO et al (1,4) represents an example of this approach, ;
Inveétigators representing the other stream are trying:ta put, through'v
practicél experimentations, rules fer the eptimal design to be applied
in the different eases of isolation, RIVIN (2) is a good example fer
this stream.

-Hewever, the process a"”

are neumerous. Investlg

This paper represents a step forward inm the secondstream, where a
trial is made to investigate, expermintally, the effect of the diff-
erent factors, associated with the choice of the resilient mounts, on
the performance of the isolator, with an ultimate goal to give
practical design recommendatiens that may help the de51gner in the
dilemma called *“vibration 1selatien"

THE EXPERIMENTAL SET-UP

Fig. 1. shows a schematic diagram of the'searup used for the experi-
mentations necessary for this imvestigation, It was suggested to use
as simple model as possible, to reduce the number of variables to

a minimum. Execitation is made through the variable speed exeentric
weight exciter, especiallydesigned so as to have minimum errors in

its mechanical parts. The excited base is clamped at the four corners
with bolts grouted to the coneerte foundation. Through these beolts
different isolation mouﬁts are clamped between the base and the
foundations., .

Measurements of the vertical vibration mode and the horizontal rocking
mode both on the base anﬂ en the eancerte foundation are made at diff-
erent excitation frequeneles to caleulate the transm1531billty for "
each mode. Curves ﬂeplcted on Flgs (2- 8) Tepresent the eut come ef
the. results. ' ‘ ' '

© . DISCUSSION OF RESULTS

. Natural rubber mount
~ and shape of the_mo
eRubber 1n shear ‘and

_ ‘:dmxfm'dﬁﬁmglemt the experlments.v51ze, helghtTW
are varied to study their effects. S
*_ubber in compre881on are 1nvestlgated be51de




the use of double compression nounts innthe case. of“

tBolators’

~'3'-"'E"fféct of modnt si'ze' .

Fig. 2 represent the trensmiasibility epectra for'cue P ferent

sizes’ of a: square-cross-sectional nount. From the: ?i : it appears

that the size of the nount has a- 5reet effect both -on che velue and*g._

" mode of transmissibility. ‘For eneller sizes (36 mm side) the trans-i,'

m1551b111ty has a mode at about 55 Hz for- which the value of trans-

missibility is as great as 50%. This is not the case- with a larger

~ size of mount (44 mm side) for which: the transnissibility ‘decreases
gradually with frequency from 50% to about 5%. This can be- attributed

to the effect of size on the design stiffness. of the rubber mount.

Effect of the hight of the mount

Fig. 3. shows the transmissibility spectrun“for'thedvertical'node
for two cases of a square cross-section mount one with 48 mm in height.
and the other with 96 mm in hight (corresponding to-dynamic stiffnesses
of 53.1 and 26.3 kg/mm respectively). From the figure it is clear that
for high hights of mounts (96 mm) the transmissibility in the vertical
mode has a vibrating spectrum in the frequency range (20-40 Hz) with
a minimum value of 4% and a maximum value of 25% (at 33 Hz, which is
one of the natural frequencies of the base). The spectrul tends to
settle.at a value of 10% at high frequencies, m
While the smaller mount hight (48 mm) gives an ever decreaeing '
~ value of ttansmissibility‘with frequency which sectles at- about 5%
at high frequency. A

Effect of‘mdunt'ehape

Fig. 4. illustrates the: different crensmissibility spectra for the
vertical mode of vibration for rubber: mounts -of theesane‘Ctoss-' i
sectional areas and sane hishte (48«'.) but ‘different: ehapes.»the”i..

basic mounc is of a square cross-section compared withirectangular :
and circular cross-sections. o - ST
From the figure it is clear that the square cross-see,'on gives
the lowest transmissibility at all frequencies. while: t
cross- sections comes second with a transmissibilit’
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at some frequen01es (35 Hz for the studied case) and the transmiss-

“ibilities are approachlng a common value of 5% at high frequencies.
The rectangular cross-section gives the highst transmissibility for
the whole range.' i :

‘kor the case of horlzontal rocklng mode of the same mounts (rubbcr
in shear in-this case), Fig . 5. represents the transmissibility
spectra’.comparison of the three cross-scctions mentioned above.
From the figure, it is very clear that the performance of the three
mounts is - improved marginally. The circular cross-section gives
almost a constant spectrum of theAtransmissibility for the range
of frequencies up to 65 Hz (about 5%) and has a peak of 25% transm-
issibility at 75sz.,The square cross-section mount gives higher
transmissibility at the beginning (50%), then the transmissibility
levels off at 5% for range of the frequencies considered. The
rectangular cross-section mount begins with a transmissibility of
30% and it decreases to about 5% in the range of frequencies (30 -
40 Hz),. then .the transmiséibility riseé again and recaches as high
as 35% at 65 Hz.

-USE OF DOUBLE ISOLATORS Fig. 6.

The last case of comparison is that with double isolator mounis as
shown in Figs .(7-8). L o

The figures show how the transm1551b111ty 1s grgately reduced in
values andwin.modes when u51ng_doub1e mounts as compared to the
single one.both in.tﬁe cases}of_vertical Vibration mode (rubper in
compression) Fig. 7. and horizohtal_rocking mode-(rubber'in shear),
Fig. 8. '

CONCLUSIONS

As faf as;the réSults of the experiments reported here in are _concer-
ned, the followxng conclu lons and recommendations arc drawn. -
1. ‘Use of rubber mounts as vibration 1solatoxs is Justlflable Jn
froquency ranges (30 - 100 Hz). '
2. The- size and hlghL of the rubber mount should be. worked out-
- properly -to satlsfy Lhe condltlon of 1so]atlon in concern, Lho
change- 1n rubber size and hlghL reflects change in tlanqmlsszbllltv
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Square cross-sectlons of rubber mounts are preferable for vertical
vibration isolation, while circular cross-sections give better
responses when the rubber is in shear (e.g. horizontal rocking
modes ).

The use of double isolators (when possible) reduces the transm-
issibility marginally.
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mount diameter.
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Vertical_direction.
—oo~ | :L.me
H = 48mm.
S o %00
N, AN
\ /
Nl t LN
1o,
L]
) ;T‘MLL& "\‘ eol®e fo—o4
] vl rwy
20 30 60 70 80

40 50
FORCING FREQUENCY Hz

Fig. 2 . Effect of isolator size.
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Fig. 5. Transimissibility Spectrum
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Fig. 7. Transmissibility spectrum.
(Double Isolation, vertical direction)
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Fig. 8. Transmissibility spectrum.
{(Double Isolation, BHorizontal direction)



