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A b s t r a c t  
 

I n  o r d e r  t o  i n c r e a s e  t h e  p r o d u c t i o n  e f f i c i e n c y ,  t h e  d i s c r e t e  m a n u f a c t u r i n g  
p r o c e s s e s  t e n d  t o  h a v e  h i g h e r  a n d  h i g h e r  s p e e d ,  t h e r e f o r e  p r o d u c e r s  o f  
a c t u a t o r s  f o r  s u c h  p r o c e s s e s  h a v e  t o  m a n u f a c t u r e  d e v i c e s  t h a t  c o u l d  
a c h i e v e  h i g h e r  a n d  h i g h e r  v e l o c i t y .  T h i s  p a p e r  p r e s e n t s  t h e  a n a l y s i s  o f  t h e  
s e r v o m o t o r  d r i v e r  b r e a k i n g  p r o c e s s e s  i m p l e m e n t e d  w i t h  t h e  u s e  o f  t y p i n g  
b r e a k i n g  d e v i c e s ,  a s  w e l l  a s  t h e  c o m p a r i s o n  o f  t h e  b r e a k i n g  p r o c e s s  w i t h  
t h e  o n e  t h a t  e n s u r e s  t h e  d y n a m i c  o v e r l o a d  m i n i m i z a t i o n .  T h e  s y s t e m s  o f  
t h e  v e l o c i t y  c o n t r o l  h a v e  a l s o  b e e n  p r e s e n t e d  t h a t  c a n  b e  a p p l i e d  i n s t e a d  o f  
t h e  s p e c i a l -c o n s t r u c t i o n  s h o c k  a b s o r b e r s ,  a n d  s i m u l t a n e o u s l y  g i v e  u s  t h e  
p o s s i b i l i t y  t o  i n f l u e n c e  t h e  b r a k i n g  p r o c e s s  i t s e l f  d u r i n g  t h e  s y s t e m  
o p e r a t i o n .  
 
K e y w o r d s :  p n e u m a t i c ,  b r a k i n g ,  s h o c k  a b s o r p t i o n .  
 Me t o d a d y sk re t n e g o  st e ro w an ia p n e um at y c zn y m  n ap ę d e m  t ł o k o w y m  zap e w n iaj ą c a am o rt y zac j ę  d o b ie g u 

 
S t r e s z c z e n i e  

 
W y n i k a j ą c a  z  d ą ż e n i a  d o  p o l e p s z a n i a  w y d a j n o ś c i  p r o d u k c j i  t e n d e n c j a  
z w i ę k s z a n i a  s z y b k o ś c i  r e a l i z a c j i  d y s k r e t n y c h  p r o c e s ó w  p r o d u k c y j n y c h  
z m u s z a  p r o d u c e n t ó w  e l e m e n t ó w  w y k o n a w c z y c h  d o  k o n s t r u o w a n i a  
e l e m e n t ó w  z d o l n y c h  d o  o s i ą g a n i a  c o r a z  w i ę k s z y c h  p r ę d k o ś c i .   
W  n i n i e j s z e j  p r a c y  p r z e d s t a w i o n o  a n a l i z ę  p r o c e s ó w  h a m o w a n i a  n a p ę d ó w  
s i ł o w n i k o w y c h ,  r e a l i z o w a n y c h  z  w y k o r z y s t a n i e m  t y p o w y c h  u r z ą d z e ń  
h a m u j ą c y c h  i  p o r ó w n a n i e  z  p r z e b i e g i e m  p r o c e s u  h a m o w a n i a  
z a p e w n i a j ą c e g o  m i n i m a l i z a c j ę  p r z e c i ą ż e ń  d y n a m i c z n y c h .  Pr z e d s t a w i o n o  
r ó w n i e ż  s y s t e m y  s t e r o w a n i a  p r ę d k o ś c i ą  k t ó r e ,  m o g ą  b y ć  s t o s o w a n e  
z a m i a s t  a m o r t y z a t o r ó w  d a j ą c  j e d n o c z e ś n i e  m o ż l i w o ś ć  w p ł y w a n i a  n a  s a m  
p r o c e s  h a m o w a n i a  w  t r a k c i e  p r a c y  u k ł a d u .  
 
S ł o w a  k l u c z o w e :  p n e u m a t y k a ,  h a m o w a n i e ,  a m o r t y z a c j a .  
 1 .  In t ro d uc e  
 
I n  d e v i c e s  o f  a u t o m a t i c  c o n t r o l  a n d  r o b o t i z a t i o n  o f  d i s c r e t e  

i n d u s t r i a l  m a n u f a c t u r i n g  p r o c e s s e s ,  e . g . ,  a u t o m a t e d  a s s e m b l y  
l i n e s ,  m a n i p u l a t o r s ,  f e e d e r s ,  c o n v e y o r s ,  t r a n s p o r t e r s ,  s o r t i n g  
d e v i c e s ,  o r i e n t i n g  m e c h a n i s m s ,  p a c k i n g  d e v i c e s ,  f o o d  i n d u s t r y  
d e v i c e s ,  t e x t i l e  i n d u s t r i e s ,  e t c . ,  m a n y  e l e m e n t s  a n d  u n i t  e x i s t  t h a t  
a r e  s e t  i n t o  m o t i o n ,  a n d  t h e n  s t o p p e d ,  o r  s e t  i n  a  r e v e r s e  m o t i o n .  
B o t h  d u r i n g  t h e  a c c e l e r a t i o n ,  a s  w e l l  a s  i n  t h e  d e c e l e r a t i o n  
( b r e a k i n g )  p h a s e ,  s u c h  e l e m e n t s  o r  u n i t s  a r e  s u b j e c t e d  o f  d y n a m i c  
o v e r l o a d s .  I n  d e v i c e s  u s e d  f o r  t h e  a u t o m a t i c  c o n t r o l  o f  
m a n u f a c t u r i n g  p r o c e s s e s ,  s w i t c h i n g  d r i v e s  a r e  m o s t  o f t e n  a p p l i e d ,  
i n  w h i c h  t h e  a c c e l e r a t i o n  a n d  d e c e l e r a t i o n  p r o c e s s e s  a r e  n o t  
c o n t r o l l e d .  B r e a k i n g  t h e  s y s t e m s  t h a t  a r e  d r i v e n  b y  s u c h  d r i v e s  
c o n s i s t s  i n  t h e  c o l l i s i o n  o f  t h e  s y s t e m  w i t h  a  m o v e m e n t  l i m i t e r .   
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D y r e k t o r  I n s t y t u t u  A u t o m a t y k i  i  R o b o t y k i  n a  
W y d z i a l e  M e c h a t r o n i k i  P o l . W a r s z a w s k i e j ,  
s t y p e n d y s t a  n i e m i e c k i e j  F u n d a c j i  A l e x a n d r a  v . 
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i  w d r o ż e ń  z  z a k r e s u  b u d o w y  i  s t e r o w a n i a  u r z ą d z e ń  
w y k o n a w c z y c h  a u t o m a t y k i ,  r o b o t y k i  p r z e m y s ł o w e j   
i  m e c h a t r o n i k i . M a  d u ż e  d o ś w i a d c z e n i e  w  k i e r o w a n i u  
p r o j e k t a m i  k r a j o w y m i  i  m i ę d z y n a r o d o w y m i . 
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I n  g e n e r a l ,  t h e  o v e r l o a d s  d u r i n g  t h e  a c c e l e r a t i o n  p h a s e  a r e  n o t  
d a n g e r o u s  s i n c e  t h e y  d e p e n d  o n  t h e  d r i v i n g  e l e m e n t  p o w e r .  T h e  
o v e r l o a d s  g e n e r a t e d  d u r i n g  t h e  d e c e l e r a t i o n  p h a s e  m a y  b e  m u c h  
h i g h e r  s i n c e  t h e  m o v e m e n t  l i m i t e r  p r o p e r t i e s  d e c i d e  o n  t h e  
m a g n i t u d e  o f  t h e s e  o v e r l o a d s .  
I n  o r d e r  t o  i n c r e a s e  t h e  p r o d u c t i o n  e f f i c i e n c y ,  t h e  d i s c r e t e  

m a n u f a c t u r i n g  p r o c e s s e s  t e n d  t o  h a v e  h i g h e r  a n d  h i g h e r  s p e e d ,  
t h e r e f o r e  p r o d u c e r s  o f  a c t u a t o r s  f o r  s u c h  p r o c e s s e s  h a v e  t o  
m a n u f a c t u r e  d e v i c e s  t h a t  c o u l d  a c h i e v e  h i g h e r  a n d  h i g h e r  
v e l o c i t y .  I n  m o s t  o f  t h e  c a s e s ,  t h e  p n e u m a t i c  s e r v o m o t o r s  a c t  a s  
s u c h  d r i v i n g  u n i t s .  T h e  h i g h e r  t h e  a t t a i n e d  s p e e d ,  h o w e v e r ,  t h e  
d i s p r o p o r t i o n a l l y  m o r e  d i f f i c u l t  a r e  t h e  p r o b l e m s  r e l a t e d  t o  t h e  
l i m i t i n g  o f  t h e  d y n a m i c  o v e r l o a d s  t h a t  e x i s t  d u r i n g  t h e  m o v i n g  
e l e m e n t  b r e a k i n g .  T h e  e n e r g y  t h a t  s h o u l d  b e  t a k e n  f r o m  t h e  
b r a k e d  u n i t s  i n c r e a s e s  i n  p r o p o r t i o n  t o  t h e  s q u a r e  o f  t h e  v e l o c i t y .  
E i t h e r  t h e  b r e a k i n g  l e n g t h  a n d  t i m e  a r e  h i g h e r  o r  t h e  b r a k i n g  
n e g a t i v e  a c c e l e r a t i o n  ( d e c e l e r a t i o n )  i s  h i g h e r .  T h i s  c a u s e s  t h e  
d y n a m i c  o v e r l o a d s  t o  b e  h i g h e r  a n d  t h a t  i n f l u e n c e s  t h e  
i m p l e m e n t e d  p r o c e s s  a s  w e l l  a s  t h e  e n v i r o n m e n t  i n  a  d i f f e r e n t  a n d  
u n f a v o u r a b l e  w a y .  T h e r e f o r e ,  t h e  l i m i t i n g  o r  e l i m i n a t i o n  o f  s u c h  
u n f a v o u r a b l e  p h e n o m e n a  p o s e  a s  a  s e r i o u s  t e c h n i c a l  p r o b l e m .  T h e  
m e t h o d  o f  p r o t e c t i o n  a g a i n s t  t h e  p o s s i b i l i t y  o f  t h e  e x i s t e n c e  o f  
e x c e s s i v e  d y n a m i c  o v e r l o a d s  h a s  a  d e c i s i v e  e f f e c t  o n  t h e  o p e r a t i o n a l  
p a r a m e t e r s  o f  d e v i c e s  w i t h  m o v i n g  e l e m e n t s .  \d e v i c e s  s u p p l i e d  w i t h  
s y s t e m s  t h a t  l i m i t  o r  m i n i m i z e  t h e  d y n a m i c  o v e r l o a d s  c a n  h a v e   
a  l i g h t e r  c o n s t r u c t i o n ,  c a n   o p e r a t e  m o r e  e f f i c i e n t l y  a n d  p r e c i s e l y ,  
a r e  m o r e  d u r a b l e  a n d  m o r e  f r i e n d l y  t o  t h e  p r o c e s s  o p e r a t o r s ,  a s  w e l l  
a s  t o  t h e  e n v i r o n m e n t .  D u e  t o  t h e  s c o p e  o f  a p p l i c a t i o n s  o f  d e v i c e s  
h a v i n g  p n e u m a t i c  d r i v e s  t o  t h e  a u t o m a t i c  c o n t r o l  s y s t e m s  a n d  t o  t h e  
m o r e  f l e x i b l e  m a n u f a c t u r i n g ,  t h e  p r o b l e m  o f  t h e  d y n a m i c  o v e r l o a d  
m i n i m i z a t i o n  i n  s u c h  d e v i c e s  i s  v e r y  i m p o r t a n t .  T h u s ,  t h e  p r o b l e m s  
r e l a t e d  t o  t h e  p n e u m a t i c  d r i v e s  b r e a k i n g  a r e  d e s c r i b e d  i n  m a n y  
p a p e r s  [ 1 ,  2 ,  3 ,  4 ,  5 ,  6 ,  7 ,  8 ,  9 ,  1 0 ,  1 1 ,  1 2 ] .  
I n  o r d e r  t o  s t o p  ( b r a k e )  t h e  u n i t s  t h a t  a r e  s e t  i n t o  m o t i o n  b y  t h e  

p n e u m a t i c  s e r v o m o t o r s ,  t h e  c o n s t r u c t i o n  e l e m e n t s  o f  t h e  
s e r v o m o t o r  i t s e l f  – i n n e r  s h o c k  a b s o r b e r s ,  o r  e x t e r n a l  b r e a k i n g  
d e v i c e s  – s h o c k  e n e r g y  a b s o r b e r s ,  c a n  b e  a p p l i e d .  T h i s  p a p e r s  
p r e s e n t s  a n  a n a l y s i s  o f  t h e  s e r v o m o t o r  d r i v e  b r e a k i n g  p r o c e s s e s  
i m p l e m e n t e d  w i t h  t h e  u s e  o f  t y p i c a l  b r a k i n g  d e v i c e s ,  a s  w e l l  a s  
t h e i r  c o m p a r i s o n  w i t h  t h e  b r a k i n g  p r o c e s s  t h a t  e n s u r e s  t h e  
d y n a m i c  o v e r l o a d  m i n i m i s a t i o n .  
 2 .  Me t h o d o l o g y  o f  In v e st ig at io n  o f  t h e  se rv o m o t o r D riv e  B re ak in g  

 
A  c o m p u t e r  s i m u l a t i o n  m o d e l  o f  t h e  p n e u m a t i c  d r i v e  c r e a t e d  o n  

t h e  g r o u n d s  o f  t h e  f o l l o w i n g  m a t h e m a t i c a l  d e s c r i p t i o n  w a s  a p p l i e d  
t o  t h e  i n v e s t i g a t i o n s .  
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F i g .  1 .   I d e a l i z e d  p n e u m a t i c  d r i v e  
R y s .  1 .   W y i d e a l i z o w a n y  n a p ę d  p n e u m a t y c z n y  
 
T h e  d y n a m i c s  o f  t h e  d r i v e  m o v i n g  u n i t  i s  d e s c r i b e d  b y  t h e  

e q u a t i o n  o f  t h e  e q u i l i b r i u m  o f  f o r c e s  t h a t  a c t  o n  t h e  u n i t  
 

02

2

=++++⋅− RPPF
dt
xdm c                

( 1 )  
 

w h e r e :  
m - m a s s  o f  m o v i n g  p a r t s , 
x - l e n g t h  d i s t a n c e  t r a v e l l e d  b y  t h e  m o v i n g  u n i t  f r o m  i t s  i n i t i a l  

p o s i t i o n , 
2

2

dt
xdm ⋅−  - f o r c e  o f  i n e r t i a  o f  t h e  m o v i n g  p a r t s , 

F – r e s u l t a n t  f r i c t i o n  f o r c e  t h a t  a c t s  o f  t h e  m o v i n g  u n i t , 
P - e x t e r n a l  i n f l u e n c e s  f o r c e , 
PC - f o r c e  o f  t h e  p r e s s u r e  i n f l u e n c e s  o n  t h e  p i s t o n , 
 

( ) ( )aac ppAppAP −⋅−−⋅= 2211
              ( 2 )  

 
pa - a t m o s p h e r i c  p r e s s u r e , 
p1, p2 - a b s o l u t e  p r e s s u r e s  i n  t h e  s e r v o m o t o r  c h a m b e r s , 
A1, A2 - a c t i v e  s u r f a c e s  o f  t h e  p i s t o n  ( f i g .  1 ) , 
R - t h e  r e a c t i o n  o f  t h e  s e r v o m o t o r  c o v e r  o n  t h e  p i s t o n  ( i n  t h e  e x t r e m e  

l e f t -s i d e d  p o s i t i o n  o f  t h e  p i s t o n ) .  
T h e  r e a c t i o n  o f  t h e  c o v e r  i s  t h e  p a s s i v e  f o r c e  t h a t  a p p e a r s  o n l y  

w h e n  t h e  p i s t o n  e x e r t s  a  p r e s s u r e  o n  t h e  c o v e r .  
L e t  u s  a s s u m e  t h a t  f o r c e s  p o i n t i n g  r i g h t  h a v e  a  p o s i t i v e  s i g n , 

a n d  f o r c e s  p o i n t i n g  l e f t , a  n e g a t i v e  o n e .  I t  i s  p o s s i b l e  t o  w r i t e :  
 
 f o r   x =  0  a n d  PC +  P ≤  0    t h i s  i s  R=  - ( PC + P) , 
 f o r   x =  0  a n d  PC +  P >  0   t h i s  i s  R= 0 , ( 3 )  
 f o r   x >  0                             t h i s  i s  R= 0 , 
 
T h e  s o l u t i o n s  o f  E q .  ( 1 )  d e p e n d  o n  t h e  c o u r s e  o f  t h e  f r i c t i o n  

f o r c e s  F, e x t e r n a l  i n f l u e n c e s  f o r c e s  P, a n d  p r e s s u r e s  i n  t h e  
s e r v o m o t o r  c h a m b e r s .  
I n  t h e  p o s i t i o n  i n i t i a l  p i s t o n  ( d i s p l a c e m e n t  x =  0 )  t h e  f r i c t i o n  

f o r c e s  F r e p r e s e n t e d  b y  t h e  s t a t i c  f r i c t i o n  o n l y .  I t  w a s  a s s u m e d  
t h a t :  
 
 f o r   x =  0  a n d  PC +  P <  0   t h i s  i s  F =  0 , 
 f o r   x =  0  a n d  PC +  P ≥  0   t h i s  i s  F =  - mi n( F1, PC+ P) , ( 4 )  
 

w h e r e :  F1 – d e n o t e s  t h e  s t a t i c  f r i c t i o n  f o r c e  m a x i m u m  v a l u e .  
I n  t h e  m o v e m e n t  p h a s e , u p  t o  t h e  m o m e n t  i n  w i t c h  t h e  v e l o c i t y  

b e g i n s  t o  d e c r e a s e , t h e  f r i c t i o n  c a n  b e  d e s c r i b e d  b y  t h e  f o l l o w i n g  
e q u a t i o n :   
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F2 - k i n e t i c  f r i c t i o n  f o r c e  m i n i m u m  v a l u e , 
kv - d y n a m i c  f r i c t i o n  c o e f f i c i e n t , 
v - p i s t o n  v e l o c i t y , 

v0 - c o e f f i c i e n t  t h a t  d e s c r i b e s  t h e  s p e e d  o f  t h e  e x p o n e n t i a l  f u n c t i o n  
c h a n g e s .  

I n  t h e  s u b s e q u e n t  p h a s e  o f  t h e  p i s t o n  m o v e m e n t , t h e  f r i c t i o n  
f o r c e  c a n  b e  d e s c r i b e d  b y  t h e  f o l l o w i n g  e q u a t i o n :  
 [ ] νν signkFF v ⋅⋅+−= 2

             ( 6 )   
 
E x p r e s s i o n s  t h a t  d e f i n e  t h e  v e l o c i t y  o f  t h e  p r e s s u r e  c h a n g e s  i n  

t h e  p i s t o n  c h a m b e r s  t h a t  a r e  b e i n g  f i l l e d  u p  a n d  e m p t i e d :  
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w h e r e :  
n - g a s  t r a n s f o r m a t i o n  e x p o n e n t , 
x01, x02 - p i s t o n  d e a d  p o s i t i o n s , 
R - g a s  c o n s t a n t  f o r  a i r ,  
T0, p0 - a i r  s u p p l y  t e m p e r a t u r e  a n d  p r e s s u r e , r e s p e c t i v e l y , 
G1, G2 - a i r  m a s s  f l o w s  t h a t  f l o w  i n  a n d  o u t  o f  t h e  s e r v o m o t o r , 

r e s p e c t i v e l y .  
I n  o r d e r  t o  c a l c u l a t e  v a l u e s  o f  G1 a n d  G2, t h e  f o l l o w i n g  

f o r m u l a s  w e r e  a p p l i e d  t o  t h e  s u b -c r i t i c a l  f l o w s :  
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A s  w e l l  a s  t h e i r  s u i t a b l e  s i m p l i f i c a t i o n s  i n  t h e  c a s e  o f  c r i t i c a l  

f l o w s , w h e r e :  
C1, C2 - i n l e t  a n d  o u t l e t  r e s i s t a n c e  s o u n d  c o n d u c t i v i t y , r e s p e c t i v e l y ,  
ρN, TN, - r e f e r e n c e  n o r m a l i s e d  a t m o s p h e r e  d e n s i t y  a n d  t e m p e r a t u r e , 

r e s p e c t i v e l y , 
T2 - t e m p e r a t u r e  o f  t h e  e m p t i e d  c h a m b e r  ( c a l c u l a t e d  o n  t h e  g r o u n d s  o f  

t h e  a s s u m e d  g a s  t r a n s f o r m a t i o n ) , 
ε1, ε2 - r a t i o s  o f  p r e s s u r e s  b e h i n d  t h e  r e s i s t a n c e s  t o  t h e  o n e s  i n  f r o n t  o f  

t h e m , 
b - r e a l  c r i t i c a l  r a t i o  o f  p r e s s u r e s  ( a s s u m e d  t o  b e  i d e n t i c a l  f o r  b o t h  

r e s i s t a n c e s ) .  
U s i n g  t h e  s i m u l a t i o n  m o d e l  [ 9 ]  d e s i g n e d  o n  t h e  g r o u n d s  o f  t h e  

a b o v e  w r i t t e n  d e p e n d e n c e s , o n e  c a n  d e f i n e  c o u r s e s  o f  t h e  l e n g t h , 
v e l o c i t i e s , a c c e l e r a t i o n s  a n d  p r e s s u r e s  i n  t h e  p r o c e s s e s  o f  t h e  
d r i v i n g  s y s t e m  s e r v o m o t o r  p i s t o n  d i s p l a c e m e n t  f o r  t h e  a b o v e  
a s s u m e d  v a l u e s  o f  p a r t i c u l a r  p a r a m e t e r s .  T h e  b r e a k i n g  p r o c e s s e s  
c a n  b e  s i m u l a t e d  b y  t a k i n g  i n t o  a c c o u n t  t h e  e x t e r n a l  f o r c e  a l o n g  
t h e  b r a k i n g  d i s t a n c e , t h e  c o u r s e  o f  w h i c h  c o r r e s p o n d s  w i t h  t h e  
p r o p e r t i e s  o f  a n  a p p l i e d  s h o c k  a b s o r b e r .  
 

3. B r a k i n g  M e t h o d s  
 
Ideal Braking 
 
I n  g e n e r a l , i t  i s  r e q u i r e d  t h a t  t h e  b r a k i n g  h a d  a  p o s s i b l y  s h o r t  

d i s t a n c e , i t s  t i m e  w a s  t h e  s h o r t e s t  p o s s i b l e , a n d  t h e  d e c e l e r a t i o n  
d i d  n o t  e x c e e d  i t s  a s s u m e d  l i m i t e d  v a l u e .  H o w e v e r , i t  i s  k n o w n  
t h a t  l o w e r i n g  t h e  b r a k i n g  d i s t a n c e  o r  t i m e  i n c r e a s e s  t h e  
d e c e l e r a t i o n  v a l u e .  T h e  m o s t  a d v a n t a g e o u s  r e l a t i o n  b e t w e e n  t h e  
a b o v e  m e n t i o n e d  r e q u i r e m e n t s  c a n  b e  o b t a i n e d  i f  t h e  b r a k i n g  
p r o c e s s  i s  t h e  u n i f o r m l y  r e t a r d e d  m o t i o n .  T h e r e f o r e  m o s t  o f t e n , 
a l t h o u g h  n o t  a l w a y s , t h e  u n i f o r m l y  r e t a r d e d  m o t i o n  i s  t h e  r e q u i r e d  
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one during the braking process. Real braking processes, however, 
depart f rom  the unif orm ly  retarded m otion m odel. 
 

Internal Shock Absorber 
 
T he servom otor internal shock absorber should m inim iz e of  the 

ef f ect of  the piston hitting the servom otor cover. I n the case of  
servom otors having low diam eters, only   elastic elem ents ex ist. 
L arger servom otors are supplied with additional internal 
pneum atic shock absorbers. 
O peration of  internal pneum atic shock absorbers consists in the 

step increase of  throttling of  air f lowing out of  the em ptied 
cham ber. I nternal shock absorption which is set by  the 
m anuf acturer is practically  suf f icient in the case of  the piston rod 
that is not loaded with an additional m ass. H owever, it does not 
cause the stop of  the piston m ovem ent but the decrease of  its 
velocity  only . T he results of  such a process sim ulation are shown 
in F ig. 2  ( the lack of  an ex ternal m ass load and a suitable f riction 
f orces lowering were taken into account;  the outlet resistance 
conductivity  decrease by  8 0 %  was assum ed) . 
 
  

  
F i g .  2.   C h a n g e s  o f  t h e  p i s t o n  v e l o c i t y  f o r  a  s e r v o m o t o r  h a v i n g  a n  i n t e r n a l  s h o c k  

a b s o r p t i o n  v s .  t i m e  
R y s .  2.   P r z e b i e g  p r ę d k o ś c i  t ł o k a  s i ł o w n i k a  z  p n e u m a t y c z n ą  a m o r t y z a c j ą  

w e w n ę t r z n ą  w  f u n k c j i  c z a s u  
 
I n reality , the piston velocity  oscillation are m uch sm aller since 

the outlet resistance throttling change is not im m ediate as it was 
assum ed in the m odel. 
 

E x ternal Shock Absorber 
 
M odern industrial shock absorbers are m ainly  hy draulic ones. 

T heir principle of  operation is present in F ig. 3 . 
 
 

 

m
P

A

x

  
F i g .  3 .    P r i n c i p l e  o f  o p e r a t i o n  o f  a  h y d r a u l i c  s h o c k  a b s o r b e r  
R y s .  3 .   Z a s a d a  d z i a ł a n i a  a m o r t y z a t o r a  h y d r a u l i c z n e g o  
 
 

T he unit being braked, acting on the shock absorber piston, 
presses the liq uid out of  the shock absorber cham ber through  
a throttling sy stem . T he pressure in the shock absorber cham ber as 
well as the breaking f orce, depend on the throttling level at the 
outlet, and on the piston velocity . I n the case of  the f ree m ass 
braking and a constant throttling, the braking f orce decreases with 
the decrease of  the velocity . D if f erent m ethod applied in order to 
m ake the throttling dependent on the piston position [ 2 , 3 , 8 ]  allow 
us to obtain an approx im ately  constant braking f orce in the case of  
braking the sy stem s having a f ree m ass character, or sy stem  with  
a constant driving f orce what ensures the braking of  such sy stem s 
with a constant deceleration. I n the case of  sy stem s driven in  
a pneum atic way , such shock absorbers do not ensure that the 
braking process has a constant deceleration. 
 

Shock Absorbers w i th M ag netorheolog i cal F lu i d s 
 
A n application of  a m agnetorheological f luid to ex ternal shock 

absorbers allows us to change the braking f orce during the 
m ovem ent, as well as its adaptation to the load condition without 
the necessity  of  the construction change of  the shock absorber 
itself .  
 
 

 
 
 

  
F i g .  4 .   V a r i o u s  c o n s t r u c t i o n s  o f  s h o c k  a b s o r b e r  w i t h  m a g n e t o r h e o l o g i c a l  f l u i d  
R y s .  4 .   R ó ż n e  k o n s t r u k c j e  a m o r t y z a t o r ó w  z  c i e c z a m i  m a g n e t o r e o l o g i c z n y m i  
 
T he absorber operation is sim ilar to the operation of  an 

ordinary  hy draulic shock absorber in which the braking f orce 
arises due to an increase of  pressure during the f luid being 
pressed through an adeq uately  selected orif ice [ 7 ] . I n the cases 
of  orif ices having a sm all distance between the walls that create 
the orif ice ( f rom  several m icrom eters to several tenths of  
m illim etre) , a lam inar f low ex ists f or which the velocity  has a 
parabolic distribution. I t is disturbed when a m agnetorheological 
f luid being applied is subj ected to the inf luence of  an ex ternal 
f ield. A  suitably  designed electronic circuit f or the control of  the 
m agnetic f ield generator allows us to obtain the braking f orce in 
the shock absorber being in proportion to the supply  voltage of  
the coil. 
T he m aj ority  of  devices in which controllable rheological f luids 

are applied assure the braking process with the constant 
deceleration not only  f or sy stem s having a f ree m ass character but 
also f or pneum atic drives that have of ten a changing driving f orce, 
load and f riction. 
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Drives Having a Last Part of the Movement Controlled  
in an E lec tronic  W ay  
 
M o d e r n  s y s t e m s  a p p l i e d  t o  t h e  p n e u m a t i c  d r i v e s  p o s i t i o n i n g  

t h a t  i n c l u d e  p r o p o r t i o n a l  f l o w -c o n t r o l l i n g  v a l v e s  c a n  b e  e a s i l y  
a d a p t e d  t o  a  l e s s  d e m a n d i n g  p r o c e s s  o f  t h e  s e r v o m o t o r  f i n a l  p a r t  
o f  i t s  m o v e m e n t  u n t i l  i t  r e a c h e s  t h e  e n d  p o s i t i o n .  S u c h  a  s y s t e m  
r e q u i r e s  t h a t  a n  a d e q u a t e  c o n t r o l  a l g o r i t h m  b e  d e v e l o p e d  t h a t  
e n s u r e s  t h e  i m p a c t l e s s  s t o p  o f  t h e  s e r v o m o t o r  p i s t o n  i n  t h e  f i n d  
p o s i t i o n s .  A n  a d e q u a t e l y  s e l e c t e d  a l g o r i t h m  a l l o w  u s  t o  o b t a i n  t h e  
b r a k i n g  t h e  m o s t  o f  a p p l i e d  p n e u m a t i c  d r i v e s ,  a n d  t h e  e l i m i n a t i o n  
o f  u n d e s i r a b l e  d y n a m i c  p h e n o m e n a  d u r i n g  t h e i r  s t o p p i n g .  
 
 

  
F i g . 5 .  D i a g r a m  o f  a  s h o c k  a b s o r p t i o n  s y s t e m  w i t h  t h e  l a s t  p a r t  o f  t h e  m o v e m e n t  

c o n t r o l l e d  i n  a n  e l e c t r o n i c  w a y  
R y s . 5 .  S c h e m a t  u k ł a d u  a m o r t y z a c j i  z e  s t e r o w a n y m  e l e k t r o n i c z n i e  d o b i e g i e m   
 
T h e  s h o c k  a b s o r b e r  o p e r a t i o n  c o n s i s t s  i n  t h e  p r o p e r  

p r o p o r t i o n a l  c o n t r o l  o f  a  f l o w -c o n t r o l l i n g  v a l v e  t h a t  e n s u r e s  t h e  
c r e a t i o n  o f  a  b r a k i n g  f o r c e  v a l u e  t h a t  i s  a d a p t e d  t o  t h e  l o a d .  T h e  
b r a k i n g  f o r c e  e x i s t s  d u e  t o  t h e  p r e s s u r e  i n  t h e  p n e u m a t i c  d r i v e  
e m p t i e d  c h a m b e r ,  a n d  i t s  v a l u e  a s  w e l l  a s  i t s  d u r a t i o n  a r e  d e f i n e d  
o n  t h e  g r o u n d s  o f  t h e  v e l o c i t y  a n d  p o s i t i o n  m e a s u r e m e n t s  b y  t h e  
e l e c t r o n i c  c o n t r o l  s y s t e m .  
 

4. A d e q u a t e  S e l e c t i o n  o f  t h e  S h o c k  
A b s o r p t i o n  S y s t e m  

 
E a c h  o n e  o f  t h e  a b o v e  p r e s e n t e d  s y s t e m s  o f  t h e  p n e u m a t i c  

s e r v o m o t o r  p i s t o n  b r a k i n g  d u r i n g  t h e  l a s t  p a r t  o f  i t s  m o v e m e n t  t o  
t h e  e x t r e m e  p o s i t i o n s  h a s  i t s  a d v a n t a g e s  a n d  d i s a d v a n t a g e s .  T h e  
p r o p e r l y  d e s i g n e d  s h o c k  a b s o r p t i o n  s y s t e m  a l l o w s  u s  t o :  d e c r e a s e  
t h e  d y n a m i c  l o a d s ,  d e c r e a s e  t h e  n o i s e  a n d  v i b r a t i o n s ,  i n c r e a s e  t h e  
o p e r a t i o n  d u r a b i l i t y  a n d  r e l i a b i l i t y ,  a s  w e l l  a s  t h e  c o n s t r u c t i o n  o f  
l i g h t e r  a n d  m o r e  e f f e c t i v e  d e v i c e s .  T h e  p n e u m a t i c  d r i v e  h a v i n g   
a  s p e c i a l  c o n s t r u c t i o n  t h a t  i m p l e m e n t s  t h e  i n n e r  s h o c k  a b s o r p t i o n  
i s  t h e  o n e  a p p l i e d  m o s t  o f t e n .  T h e  r e a s o n  o f  i t  i s  t h e  f a c t  t h a t  s u c h  
a  d e s i g n  i s  t h e  e a s i e s t  o n e  t o  b e  i m p l e m e n t e d  i n  e x i s t i n g  s y s t e m s .  
O n e  h a s  o n l y  t o  r e m o v e  t h e  o l d  s e r v o m o t o r ,  a n d  r e p l a c e  i t  w i t h   
a  n e w  o n e  h a v i n g  a  s p e c i a l  c o n s t r u c t i o n .  H o w e v e r ,  i f  o n e  w r o n g l y  
a s s u m e s  t h a t  t h i s  w i l l  d o ,  a n d  t h a t  a n  a d d i t i o n a l  a d j u s t m e n t  o f  t h e  
t h r o t t l i n g  v a l v e s  i s  u n n e c e s s a r y ,  t h e n  t h e  v a l v e s  w o u l d  n o t  o p e r a t e  
i n  f u l l .   
D u e  t o  d o  t h i s ,  a s  w e l l  a s  d u e  t o  m a n y  o t h e r  r e a s o n s ,  t h e  n e w  

d e s i g n s  a r e  c o n s t a n t l y  l o o k e d  f o r .  O n e  o f  t h e m  c o n s i s t s  i n  t h e  
d e s i g n  o f  a n  a d e q u a t e  c o n t r o l  s y s t e m  w h i c h  w o u l d  e n s u r e  a  p r o p e r  
c o n t r o l  o f  a  c o n v e n t i o n a l  d i v i d i n g  v a l v e  o n  t h e  g r o u n d s  o f  

a v a i l a b l e  m e a s u r e m e n t  s i g n a l s  i n  o r d e r  t o  l i m i t  t h e  d r i v i n g  m o v i n g  
e l e m e n t  d y n a m i c  o v e r l o a d s .  T h e  c o n t r o l  b e  c h a r a c t e r i s e d  b y  t h e  
h i g h  r e l i a b i l i t y ,  m i n i m a l  i n g e r e n t i o n  o f  t h e  o p e r a t o r  i n t o  t h e  
b r a k i n g  p r o c e s s ,  p o s s i b i l i t y  o f  i t s  a p p l i c a t i o n  ( m o d i f i c a t i o n )  t o  
e x i s t i n g  d r i v i n g  s y s t e m s ,  s e l f -c o n t r o l ,  t u n i n g  a n d  a d a p t a t i o n  t o  t h e  
s y s t e m  o p e r a t i o n  c o n d i t i o n s  ( l o a d  c h a n g e ,  d r i v e  w e a r ,  d r i v e  
r e p l a c e m e n t ,  d r i v e  o p e r a t i o n  p a r a m e t e r s  c h a n g e ) .   
T h e  c o n t r o l l e d  b r a k i n g  p r o c e s s  t h a t  c o u l d  b e  a d a p t e d  t o  t h e  

s y s t e m  o p e r a t i o n  c o n d i t i o n s  g i v e s  u s  t h e  p o s s i b i l i t y  t o  h a v e  a n  
i n f l u e n c e  o v e r  t h i s  p r o c e s s  d u r i n g  m o v e m e n t s  i m p l e m e n t e d  b y  t h e  
p n e u m a t i c  d r i v e .  
 
5 . S u m m a r y  
 
I n  t h e  c a s e  o f  p n e u m a t i c  d r i v e s ,  m o d e r n  i n d u s t r i a l  s h o c k  

a b s o r b e r  ( i n t e r n a l  o r  e x t e r n a l )  d o  n o t  e n s u r e  t h e  a d v a n t a g e o u s  – 
h a v i n g  t h e  c o n s t a n t  d e c e l e r a t i o n  – c o u r s e  o f  t h e  b r a k i n g  p r o c e s s .  
T h e  d y n a m i c  o v e r l o a d s  e x i s t i n g  i n  t h e  b r a k i n g  p r o c e s s  e x c e e d  
o v e r  t w i c e  t h e  v a l u e s  t h a t  a r e  p o s s i b l e  t o  b e  o b t a i n e d  d u r i n g  t h e  
c o n s t a n t -d e c e l e r a t i o n  b r a k i n g .  T h e  d y n a m i c  o v e r l o a d s  
m i n i m i z a t i o n  c a n  b e  o b t a i n e d  b y  t h e  a p p l i c a t i o n  o f  h y d r a u l i c  
s h o c k  a b s o r b e r s  h a v i n g  p r o p e r t i e s  a d a p t e d  t o  t h e  p n e u m a t i c  d r i v e  
d y n a m i c  p r o p e r t i e s  [ 2 ,  3 ,  6 ,  8 ] ,  b y  t h e  i n t r o d u c t i o n  o f  s h o c k  
a b s o r b e r s  h a v i n g  a  c o n t r o l l e d  b r a k i n g  f o r c e ,  e . g . ,  w i t h  t h e  u s e  o f   
a  f l u i d  h a v i n g  a  c o n t r o l l e d  v i s c o s i t y  [ 7 ] ,  o r  b y  t h e  i n t r o d u c t i o n  o f  
p n e u m a t i c  d r i v e s  h a v i n g  a  c o n t r o l l e d  v e l o c i t y  [ 4 ,  1 1 ] .  
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