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ABSTRACT : 

The paper  r e p r e s e n t s  a  comparison of exp. V S .  t h e o r e t i c a l  

r e s u l t s  o b t a i n e d  d u r i n g  t h e  v i b r a t i o n  i s o l a t i o n  of  r o t a t i n g  

machinery, i n  which t h e  s o i l  parameters  a r e  t aken  i n t o  cons id-  

r e a t i o n  and t h e  mathemat ica l  model i s  so lved  u s i n g  computer 

a ided  des ign  program ( V I D )  . 
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INTRODUCTION : 

V i b r a t i o n  i s o l a t i o n  i s  a means of dec reas ing  t r ansmis s ion  

of v i b r a t o r y  mot ions  o r  f o r c e s  from one s t r u c t u r e  t o  a n o t h e r .  

The t e r m  " i s o l a t i o n "  means i n t e r p o s i n g  a  r e l a t i v e l y  f l e x i b l e  

e lement  between t h e  two s t r u c t u r e s .  I f  t h e  i s o l a t i n g  element  

i s  f l e x i b l e  enough, it w i l l  t r a n s m i t  l i t t l e  f o r c e  t o  t h e  second 

s t r u c t u r e  excep t  a t  f r e q u e n c i e s  i n  v i c i n i t y  of resonance.  Adding 

damping i n  t h e  v i b r a t i n g  system f o r  t h e  purpose  of reduc ing  t h e  

v i b r a t o r y  response  a t  resonance  may have t h e  concomitant  e f f e c t  

of dec reas ing  t h e  i s o l a t i o n  t h a t  o the rwi se  would h e  ach ieved  a t  

h i g h e r  f r e q u e n c i e s  [ I  ] . 
4 Dean o f  t h e  F a c u l t y  o f  E n g i n e e r i n g  & TechnoZogy ,  Menou f ia  

U n i v e r s i t y ,  S71ebitz El-Kom, E g y p t .  

P r o f .  o f  Machine  Dynamics ,  P r o d u c t i o n  E n g i ~ c e e r i n g  Depar tmen t ,  

F a c u J t y  o f  E n g i n e e r i n g ,  A l e x a n d r i a  U n i v e r s i t y ,  E g y p t .  

" U s s t .  P r o f e s s o r ,  F a c u l t y  of E n g i n e e r i n g  & T e c h n o l o g y ,  

Menou f ia  U n i v c r s i t y  , S h e b i n  El-Kom, E g y p t .  

A s s i s .  L e c t u r e r ,  F a c u l t y  of E n g i n e e r i n g  & T e c h n o l o g y ,  

Menou f ia  U n i v e r s i t y ,  S h e b i n  El-Kom, E g y p t .  



However, the p r o c e s s  of p r o t e c t i n g  t h e  machines and/or  

founda t ions  from t h e  t r a n s f e r  of  v i b r a t i o n s  i s  n o t  a  s t r a i g h t  

forward one, compl.ications a r e  neumerous. I n v e s t i g a t i o n s  [ 2 , 3 , 4 ]  

a r e  mainly o r i e n t e d  towards s t r e a m l i n i n g  t h e  des ign  p roces s  t o  

op t imize  t h e  i s o l a t i o n  e f f i c i e n c y .  

A quick  lood  a t  the accumulated l i t e r a t u r e ,  w i th  an e x p e r t s  eye,  

r e v e a l s  t h a t  t h e  i n v e s t i g a t o r s  a r e  mainly runn inc~  i n t o  two s t ream: 

The t h e o r e t i c a l  approach,  which endevous t o  o b t a i n  a mathematical  

model f o r  t h e  problem and t o  i n t r o d u c e  t h e  b e s t  s o l u t i o n  f o r  t h i s  

model, H S I A O  e t  a 1  [ 2 ,4 ]  r e p r e s e n t s  an example of t h i s  approach.  

I n v e s t i g a t o r s  r e p r e s e n t i n g  t h e  o t h e r  s t ream a r e  t r y i n g  t o  

p u t ,  through p r a c t i c a l  expe r imen ta t i ons ,  r e s u l t s  f o r  t h e  des ign  

t o  be  a p p l i e d  i n  t h e  d i f f e r e n t  c a s e s  of i s o l a t i o n ,  n e g l e c t i n g  

s o i l  i n t e r a c t i o n .  

Th i s  pape r  r e p r e s e n t s  a  comparison of exp. vs .  t h e o r e t i c a l  

r e s u l t s  o b t a i n e d  d u r i n g  t h e  v i b r a t i o n  i s o l a t i o n  of r o t a t i n g  

machinery i n  which t h e  s o i l  pa rame te r s  a r e  t aken  i n t o  c o n s i d e r a t i o n  

and t h e  mathemat ica l  model i s  so lved  u s i n g  computer a i d e d  des ign  

program ( V I D [ 5 1 ) ,  t o  i n v e s t i g a t e  t h e  e f f e c t  of t h e  d i f f e r e n t  

f a c t o r s ,  a s s o c i a t e d  wi th  t h e  c h o i c e  of t h e  r e s i l i e n t  mounts, 

on t h e  performance of t h e  i s o l a t o r ,  wi th  an u l t i m a t e  g o a l  t o  

g i v e  recommendations t h a t  may h e l p  t h e  d e s i g n e r  i n  t h e  dilemiia 

c a l l e d  " v i b r a t i o n  i s o l a t i o n " .  

THE EXPERIMENTAL SET-UP 

Fig .  1 .  shows a schemat ic  diagram of  t h e  s e t -up  used f o r  

t h e  experimentat j .ons neces sa ry  f o r  t h i s  i n v e s t i g a t i o n .  I t  was 

sugges ted  t o  u s e  a s  s imple  model a s  p o s s i b l e ,  t o  reduce  t h e  

n u ~ b e r  of v a r i a b l e s  t o  a minimum. E x c i t a t i o l i  i s  made though t h e  

v a r i a b l e  speed exce :? t r ic  weight  e x c i t e r ,  e s p e c i a l  des igned  s o  a s  

t o  have minimum e r r o r s  i n  i t s  mechanical  p a r t s .  The e x c i t e d  base  

i s  clamped a t  t h e  f o u r  c o r n e r s  wi th  b l o t s  g r o u t e d  t o  t h e  c o n c r e t e  

. founda t ion .  Through t h e s e  b o l t s  d i f f e r e n t  i s o l a t i o n  mounts a r e  

clamped between t h e  b a s e  and t h e  founda t ions .  

Measurements of t h e  v e r t i c a l  v i b r a t i o n  mode and t h e  h o r i z o n t a l  

rocking  mode bo th  on  t h e  base  and on t h ~  c o n c r e t e  founda t ion  - 



a r e  made a t  d i f f e r e n t  e x c i t a t i o n  f r e q u e n c i e s  t o  c a l c u l a t e  

t h e  t r a n s m i s s i b i l i t y  f o r  each  mode. Curves  d e p i c t e d  on F i g s  

( 2  -+ 8 )  r e p r e s e n t  t h e  o u t  come of t h e  r e s u l t s ,  compared w i t h  

( V I D )  r e s u l F s .  

DISCUSSION OF RESULTS : 

I n  t h i s  p a p e r  t h e  r e s u l t s  o b t a i n e d  by a p p l y i n g  V I D  program 

u s i n g  t h e  d a t a  of t h e  e x p e r i m e n t a l  t e s t  r i g  a r c  compared w i t h  

t h e  e x p e r i m e n t a l  r e s u l t s .  

F i g s .  ( 2 , 3 , 4 )  r e p r e s e n t  t h e  comparison c u r v e s  f o r  t h e  

d i f f e r e n t  i s o l a t o r s  u s e d  d u r i n g  t h e  e x p e r i m e n t s  t o g e t h e r  w i t h  

t h e  r e s u l t s  of t h e  V I D  program a s  t r a n s m i s s i b i l i t y  s p e c t r a  

i n  t h e  v e r t i c a l - d i r e c t i o n .  

From t h e s e  c u r v e s  it c a n  b e  s e e n  t h a t  a  b e t t e r  a  greement  

between t h e  two r e s u l t s  i s  a c h i e v e d  by i n t r o d u c i n g  s o i l  

i n t e r a c t i o n .  

The d i s c r e p a n c y  between t h e  two r e s u l t s  c a n  b e  a t t r i b u t e d  

t o  b o t h  n o n l i n e a r i t y  of t h e  s o i l  and r u b b e r  mount p a r a m e t e r  

which a r e  more pronounced a t  h i g h  f r e q u e n c i e s  i . e .  w i t h  l a r g e  

e x c i t i n g  f o r c e s  "tlie u n b a l a n c e  e x c i t i n g  f o r c e  i n  t h e  e x p e r i m e n t s  

i s  p r o p o r t i o n a l  t o  t h e  s q u a r e  of t h e  e x c i t i n g  f r e q u e n c y " .  

For  t h e  t r a n s m i s s i b i l i t y  i n  t h e  i t o r i z o n t a l  d i r e c t i o n  F i g s .  

( 5 . 6 . 7 . 8 )  ]show t h e  comparison between e x p e r i m e n t a l  and  

t h e o r e t i c a l  r e s u l t s .  

From which it c a n  b e  s e e n  t h a t  a  much b e t t e r  agreement  

between t h e  two r e s u l t s  a r e  a c h i e v e d  f o r  f r e q u e n c i e s  up  t o  

70  Hz and a l s o  a s  s t a t e d  above t h e  n o n l i n e a r i t y  o f  t h e  s o i l  

and mount p a r a m e t e r s  i s  r e s p o n s i b l e  f o r  t h e  d i s c r e p a n c y  above 

7 0  Hz .  

CONCLUSIONS : 

A s  f a r  a s  t l i e  r e s u l t s  r e p o r t e d  h e r e  i n  a r e  concerned ,  

t h e  fol lowi-ng c o n c l u s i o n s  and recommendations a r e  drawn. 



I t  should  be p o i n t e d  o u t  very  c l e a r l y  t h a t  t h e  dec rease  of 

t r a n s m i s s i b i l i t y  due t o  i s o l a t i o n  does  n o t  mean t h a t  t h e  

i s o l a t e d  system r e c i e v e s  less v i b r a t i o n  l e v e l s ,  b u t  i n  

some c a s e s  t h i s  i s  due t o  t h e  i n c r e a s e  of t h e  p a r e n t  

v i b r a t i o n  of t h e  sou rce  due t o  i s o l a t i o n  t o g e t h e r  wi th  

less i n c r e a s e  i n  t h e  r e c i e v e r  v i b r a t i o n s ,  t h i s  i s  n o t  t h e  

i d e a  always f a v o u r a b l e  by any i s o l a t i o n  d e s i g n e r .  

U s e  of rubbe r  mount a s  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  

i n  f requency  r anges  (30 -+ 100 Hz) . 
The s i z e  and h i g h t  of t h e  rubber  mount should  be worked o u t  

p r o p e r l y  t o  s a t i s f y  t h e  c o n d i t i o n s  of  i s o l a t i o n  i n  concern ,  

t h e  change i n  rubbe r  s i z e  and h i g h t  r e f l e c t s  change i n  

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

Rubber mounts i n  compression have t h e  c h a r a c t e r i s t i c s  of  

reduc ing  t h e  ampl i tude  of s m a l l e r  modes ( l e s s  than  4 0  H z ) ,  

and i n c r e a s i n g  t h e  ampl i tude  of l a r g e r  modes. Th i s  can be  

a t t r i b u t e d  t o  t h e  damping p r o p e r t i e s  i n h i b i t e d  i n  t h e  rubber  

which h a s  a frequency dependant  behav io r .  

The s t i f f n e s s  of t h e  rubber  mount i n  t h e  h o r i z o n t a l  d i r e c t i o n  

( rubbe r  i n  s h e a r )  p l a y s  t h e  f a v o u r a b l e  r o l e  i n  i s o l a t i n g  

lower modes wi th  less e f f e c t  on t h e  upper  modes. 
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NOMENCLATURE : 

B = Mount w i d t h .  

D = Mount d i a m e t e r .  

H = Mount h i g h t .  

K V 1 , X V 2  
= E q u i v a l e n t  mount and s o i l  s t i f f n e s s  i n  t h e  

v e r t i c a l  d i r e c t i o n .  

Khl ,512 
= E q u i v a l e n t  mount and s o i l  s t i f f n e s s  i n  t h e  

h o r i z o n t a l  d i r e c t i o n .  

L = Mount l e n g t h .  
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Fig. 1 . Schematic diagram of the setmupa 





Rectarqular c r o s s  secticm iso lator .  

L x B = 46 x 23 mn. 

Kh2 = 1183.1K&/mm. 
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Fig. ( 6 )  Carparism ktueen theoretical  and e w p e r h n t a l  r e s u l t s  
i n  the b r i o s n t a l  d irect icn .  
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