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ABSTRACT 

The paper presents practical experiences in the field of optimum 
design of vibration isolators. The effect of type, size, shape and 
orientation of the isolators were throughly high lighted. Practical 
rec'ommendations for the optimum design of the isolators are then given. 
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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 "recieverV to be greately endangered, 
especially when it may happen to be a vibration sensitive machine. 
The process of protecting the machines and/or foundations from the 
transfer of vibrations is called (vibration isolation), 
Technically, (vibration isolation),is a process of storing the energy 
cause9 by a vibrating,system within resilient mounts, specially 

designed and put in the v2bration path; between the machine and its 

foundation, in such a way as to prevenc the export of this energy 
(active isolation) or its import to a sensitive machine (passive 
isolation). It lies within the capacity and methodology of the good 

design of the resielient mounts to achieve the BEST prorection eff- 
eciency in the relevant case of isolation. 
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' However, the process ks w t  a str$i&t geward me, 

are neumerous. Inveotigatims (I - 33 are winly w % e ~ c &  ~WQPBS 
. streamlining the ~esikn process to apti~ize the isalatim effwiekey, 

A quick look at the acmmulatxxl literature, with an experts eye, 

reveals that the inve&.gaeims w maialy rmnimg into two are= : 

The.theoretica1 apprweh, I&$& e;R4evw to obtain a ~ e ~ ~ t i . e a ~  
madelfor the problem and to intrsduee the best sslutim for th%s 

model, HSIAO et a1 (1,4> represents qn exmple of t h i s  appaxsh, 
Investigators representing the ocher streaRi are trying to put, through 
practical experimentations, rules far m e  eptiaal design ta be applied 
in the different cases of i s o h e l a n ,  WIVlW (2) is a good exaeple fsr 
this stream. 

This paper represents a step fsmard in the secondstraaw, &ere a 
trial is made to investigate, expermintally, the effect of the diff- 
erent factors, associated with the choice of the resilient munts, on 
the performance of the isslator, with an ultimate goal to give 
practical design recomae&eians that aqy help the desigmr in eke 
dilemma called "vibration isolationN. 

'IXE EXPERIMENTAL SET-UP 

Fig. 1. shows a schematic diagram of t@ seE-up used for the euperi- 

mentations necessary for this investigation. It was suggest* to w e  
as simple model as possible, to reduce the number of variables to 
a minimum. Exeitation is made through the variable speed eegeentric 

weight exciter, especiallydesi@ so as Co have minimum errars i n  
its mechanical parts. The excited base is clamped at the foer corms 
with bolts grouted to the coneerte foundation. Tkraugh these blEs 

different isolation munts are clit.al.psd bet~een the base and *e 
foundations. 

Measurements of the vertical vibration atade and the harizonEa1 roeking 
node both on the base and en the e ~ n c e r t e  fowda~ian are wde BE diffr 

erent excitation fpqw~eies to calculgte the trimsreissibility for 
each mode. Curves depiczed on Figs (2-1) represmt the out c m e  of  

the results. 

DISCUSSION OF- BESETS 

Natural rubber mUn?s-&~! t$-mgm i~m @ Ehe exiae~i~ento, size, @I&t 

and shape of the &unt are vwied to study their effects. 

Rubber in shear and rubber in c~psession are investigaked, beside 
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the use of do~ble compredsion mounts in 'he case of double i&lators.-' . 
. . , ,. .. . - .  . . .  
.. . , . 

j. 

a Effect of mount size . . - . .  . 
4 1 ,. * . .  . - 

Fig. 2. represent the transmissibility 8pectra for c*o .differem 
sizes of e -square-cross-sktiorul mount. From the ~ i ~ i  .:it appears 
that the.8i.e- of the a k t  has a weat effect both ok;h; vilw and 
mode of transmissibility. For smaller sizes (36 am &) th*' trans- 
missibility 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 transmissibility decreases 
gradually with frequency from 5a to about 5%. W i s  can be attributed 
to the affect of size on the design stiffness of the tubber mount. 

Effect of the hight of the mount 

Fig, 3, shows the transmissibility spectrum for the vertical mode 
for two cases of a square cross-section mount one.with 48 mm in height 
and the other with 96 nun in hight (correspondin6 to dynamic sttffnesses 
of 53.1 and 26.3 kg/- respectively). From. the figure it is clear that 
for high hights of mounts (96 m) 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 nraxil#mr value of 25% (at 33 Hz, which is 
one of the natural frequencies of the base). The speetrw.tends to 
settle.at a value of 10% at high frrcrguencies. 
While the Imaller mount hight (48 mn) aives an ever decreasing 
value of transmissibility with frequency which settles at-about. 5% 
at high frequency. 

Effect of mount shape 

Fig. 4. illustrates the different transmissibility spectra for the 
vertical mode. of vibration for rubber m m t b  .of the same s%soss- 
sectional areas and s a m  hi'&?sXa (48 mm) but differern kq. shapes, the 
basic mount is of a eqwre crosa-section compand wAth 'Wtangular 
and circular cross-sections. , . .  . . -* 

From the figure it is clear that - the square. cross-ktf &::' gives 

the lowest transmissibility at all frequencies, &le. &'.circular ., 
cross-sections comes second .with a transmissibility :hL&er - 

. . 
. . 

. .  . 
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a t  some f r e q u e n c i e s  (35 Hz f o r  t h e  s t u d i e d  c a s e )  and t h e  1:ransrniss- 

i b j l i t i e s  a r e  approaching  a common v a l u e  of  5% a t  h igh  f r equenc ie s .  

The r e c t a n g u l a r  c r o s s - s e c t i o n  g i v e s  t h e  h i g h s t  t r a n s m i s s i b i l i t y  f o r  

t h e  who- r ange .  

For  t h e  c a s e  of h o r i z o n t a l  rock ing  mode of  t h e  same mounts ( rubber  

i n  s h e a r  i n  t h i s  c a s e ) ,  F i g  . 5. r e p r e s e n r s  t h e  t r a n s m i s s i b i l i t y  

s p e c t r a  comparison of  t h e  t h r e e  c r o s s - s e c t i o n s  mentioned above. 

From t h e  f i g u r e ,  i t  i s  very  c l e a r  t h a t  t h e  performance of  t h e  t h r e e  

mounts i s  improved marg ina l ly .  The c i r c u l a r  c r o s s - s e c t i o r ~  g i v e s  

a lmost  a c o n s t a n t  specrrum of t h e  t r a n s m i s s i b i l i t y  f o r  t h e  range  

of  f r e q u e n c i e s  up  t o  65 Hz (about  5%) and h a s  a peak of 25% transm- 

i s s i b i l i t y  a t  75 Hz. '!he squa re  c r o s s - s e c t i o n  mount g i v c s  hir ,her  

t r ansmis s ib i7  i ty at. r h e  beginning ( 5 0  , thcm t:hc trans~~ii ssj. bi 1 i ty 

l e v e l s  o f f  a t  5% f o r  r ange  of  t h c  f r e q u e n c i e s  cons idered .  The 

r e c t a n g u l a r  c r o s s - s e c t i o n  mount begins  w i t h  a  t r a n s m i s s j b i l i r y  of 

30% and i t  d e c r e a s e s  t o  about  5% i n  t h e  r ange  of f r equenc ie s  (30 - 
40 Hz), t hen  t h e  t r a n s m i s s i b i l i t y  rises agaLn and r caches  as  h jgh  

a s  35% a t  65 Hz. 

USE OF DOUBLE 1SOL.ATORS F ig .  6. 

The l a s t  c a s e  o f  comparison i s  t h a t  w i t h  doub le  i s o l a t o r  mounts a s  

S h o ~ n  i i ~  F i g s  ( 7 - 8 ) .  
The f i g u r e s  show how t h e  t r a n s m i s s i b i l i t y  i s  g r e n t e l y  reduced i n  

v a l u e s  and i n  modes when u s i n g  double mounts as comparcd t o  th(? 

s i n g l e  one bo th  i n  t h e  c a s e s  of v e r t i c a l  v i b r a t i o n  mode (rubljer i n  

compression)  F i g .  7 .  and h o r i z o n t a l  rock ing  mode ( rubhcr  i n  s h e a r ) ,  

F ig .  8. 

CONCLUSIONS 

A s  f a r  as t h e  r e s u l t s  of t h e  experiments  rcporccd  h e r e  i n  a r e  concer- 

ned,  t h e  f o l l o w i n g  conc lus ions  and ~:econ~mcndations arc d r a w .  

1 .  Use of  rubbe r  maunts as v i b r a t i o n  i s o l a t o r s  i s  j u s t i f i a b l e  in 

f requency  r anges  (30 - 100 H Z ) .  

2 .  The s i ze  and -hi gilt of t h e  rubber  mount should be worked out 
prope r ly  t o  s a t i s f y  t h e  co11dit.ion of  i s o ' l a t i o n  i n  conccrn,  Chc. 

change- i n  rubbe r  s i z e  and h i g h r  r e f l e c t  s change i n  t-ransmissi bi 1 i ty 



3 .  S q u a r e  c r o s s - s e c t i o n ' s  o f  r u b h c r  mounts a re  p r e f e r a b l e  f o r  v e r t i c a l  

v i b r a t i o n  i s o l a t i o n ,  w h i l e  c i r c u l a r  c r o s s - s e c t i o n s  g i v e  b e t t e r  

r e s p o n s e s  when t h e  r u b b e r  i s  i n  shear  ( e . g .  h o r i z o n t a l  r o c k i n g  

modes).  

4 .  The u s e  of d o u b l e  i s o l a t o r s  (when p o s s i b l e )  r e d u c e s  t h e  t ransm- 

i s s i b i l i t y  m a r g i n a l l y .  
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NOMENCLATUKE 

B mount w i d t h .  

H mount h i g h t .  

L mount l e n g t h .  

mount d i a m e t e r .  



Fig .  1 . Schematic diogmm of the set-up- 

Fig. 2 . Effect of isolator size 
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Fig. 3 . Effect of the hight of  the mount. Fig .  4 . Effect o f  mount shape 
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F i g .  5 .  T r a n s i m i s s i b i l i t y  Spectrum 
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Fig.6. Schematic drawing of double isolation 

i n  t h e  h o r i z o n t a l  d i r e c t i o n .  
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Fig. 7. Transmissibility spectrum. 
(Double Isolation, vertical direction) 

Fig. 8. Transmissibility spectrum. 
(Double Isolation, Hor izontal direct ion) 


