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A b s t r a c t  
 

T h e  p a p e r  p r e s e n t s  a n  i d e a  o f  a n  o p e n -l o o p  c o n t r o l  o f  a  p n e u m a t i c   
p o s i t i o n i n g  s y s t e m  c o n s i s t i n g  o f  a  p n e u m a t i c  c y l i n d e r ,  i n e x p e n s i v e  
m e a s u r e m e n t  s y s t e m  a n d  f o u r  o n -o f f  s w i t c h i n g  v a l v e s . A s t r a t e g y  o f  t w o  
o r  t h r e e  p u l s e s  o n -o f f  c o n t r o l  t r a j e c t o r y  f o r  i m p l e m e n t a t i o n  o f   
a  d e t e r m i n e d  p i s t o n  d i s p l a c e m e n t  w i t h o u t  a n  o v e r s h o o t  i s  p r e s e n t e d . 
Pa r a m e t e r s  f o r  t h e  c o n t r o l  a r e  d e t e r m i n e d  b y  t h e  a p p l i c a t i o n  o f  a n  a r t i f i c i a l  
n e u r a l  n e t s  t h a t  h a v e  t o  b e  t r a i n e d  b e f o r e  t h e  a p p l i c a t i o n . A c o n t r o l  e r r o r  
r e s u l t i n g  f r o m  o p e n -l o o p  c o n t r o l  m e t h o d  c a n  b e  r e m o v e d  i n  a n  a d a p t i v e  
w a y ,  p r o p o s e d  i n  t h e  p a p e r . T h e  s t r a t e g y  i s  n e a r l y  t i m e -o p t i m u m  o n e  a n d  
r e s u l t s  i n  a  s h o r t  c o n t r o l  t i m e ,  q u i e t  v a l v e s  a c t i o n  a n d  s i g n i f i c a n t  r e d u c t i o n  
o f  t h e  c o m p r e s s e d  a i r  c o n s u m p t i o n  i n  c o m p a r i s o n  t o  o t h e r  p n e u m a t i c  
p o s i t i o n i n g  s y s t e m s . T h e  i d e a  o f  t h i s  w a y  o f  c o n t r o l  w a s  t e s t e d  i n  m a n y  
s i m u l a t i o n  e x p e r i m e n t s  a n d  i n  t e s t s  p e r f o r m e d  i n  a  l a b o r a t o r y . I t  c a n  b e   
a  b a s i s  f o r  a t t r a c t i v e ,  l o w -c o s t ,  e c o n o m i c  p o s i t i o n i n g  s y s t e m s . 
 
K e y w o r d s :  a d a p t i v e  o p e n -l o o p  c o n t r o l ,  l o w  c o s t  s y s t e m s ,  p n e u m a t i c  
p o s i t i o n i n g . 
 E n erg io-oszczę d n e sterow an ie  w  p n eu m atyczn ych  u k ł ad ach  p ozycjon u ją cych  

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

 
W  p r a c y  p r z e d s t a w i o n e  z o s t a ł a  m e t o d a  p o z y c j o n o w a n i a  w  u k ł a d z i e  
z ł o ż o n y m  z  s i ł o w n i k a  p n e u m a t y c z n e g o ,  p r o s t e g o  u k ł a d u  p o m i a r o w e g o  
o r a z  z e s p o ł u  4  z a w o r ó w  p r z e ł ą c z a j ą c y c h . Z a s a d a  s t e r o w a n i a  w  t r y b i e  
o t w a r t y m  u k ł a d u  o p i e r a  s i ę  n a  w y p r a c o w a n i u  s e k w e n c j i  2 -3 p u l s ó w  
s t e r u j ą c y c h  z a w o r a m i ,  k t ó r a  p r o w a d z i  d o  p r z e m i e s z c z e n i a  t ł o k a  b e z  
p r z e r e g u l o w a n i a . Pa r a m e t r y  o k r e ś l a j ą c e  c z a s  t r w a n i a  p u l s ó w  s ą  w y l i c z a n e  
z a  p o m o c ą  s z t u c z n y c h  s i e c i  n e u r o n o w y c h . Po w s t a j ą c a  o d c h y ł k a  
p o z y c j o n o w a n i a  j e s t  u s u w a n a  p o p r z e z  a d a p t a c y j n e  d o p a s o w a n i e  s e k w e n c j i  
s t e r o w a n i a . M e t o d a  j e s t  z b l i ż o n a  d o  c z a s o -o p t y m a l n e g o  s t e r o w a n i a   
i  p r o w a d z i  d o  m i n i m a l n e -g o  z u ż y c i a  p o w i e t r z a  o r a z  c i c h e j  p r a c y  z a w o r ó w . 
Pr o p o n o w a n a  m e t o d a  z o s t a ł a  p r z e b a d a n a  d r o g ą  s y m u l a c y j n ą  o r a z  
p r z e p r o w a d z o n o  p i e r w s z e  u d a n e  p r ó b y  n a  s t a n o w i s k u  b a d a w c z y m . 
 
S ł o w a  k l u c z o w e :  a d a p t a c y j n e  s t e r o w a n i e  w  t o r z e  o t w a r t y m ,  p o z y c j o n o w a n i e  
p n e u m a t y c z n e . u k ł a d y  e k o n o m i c z n e . 
 1 .  In trod u ction  
 
R ecent  d ev el o p ment  i n el ect ro ni cs and  mech ani cal  co nst ru ct i o n 

o f  f l u i d i c cy l i nd ers creat es t h e p o ssi b i l i t y  o f  d ev el o p ment  o f  q u i t e 
new  au t o mat i c co nt ro l  d ev i ces - f i ne p o si t i o ni ng  sy st ems 
co mp o sed  o f  a cy l i nd er w i t h  a serv o -v al v e,  measu rement  sy st em 
and  co nt ro l l er b ased  o n a o ne-card  co mp u t er [ 4 ,  5 ,  9 ] .  T h i s 
co nst ru ct i o n can co p e w i t h  t rad i t i o nal  el ect ri c serv o mech ani sm 
sy st em si nce i t  h as a b et t er f o rce-t o -mass rat i o  and  i s ch eap er t h an 
el ect ri c co nst ru ct i o n [ 5 ,  9 ] .  M o reo v er p neu mat i c sy st ems are 
cl ean,  can o p erat e i n h az ard o u s env i ro nment  and  are v ery  
at t ract i v e f o r new  g enerat i o ns o f  mani p u l at o rs [ 9 ] .   
W i d e i mp l ement at i o n o f  f ast  cal cu l at i o n ch i p s w i t h  a l arg e 

memo ry  o n b o ard  enab l es u s t o  i mp l ement  ad v anced  d i g i t al  
co nt ro l  al g o ri t h ms i n p neu mat i c p o si t i o ni ng  sy st ems [ 4 ,  5 ] .  
  

M g r  i n ż . M a c i e j  K U C Z Y Ń S K I  
 
W  r ok u  2 0 0 3  u zys k a ł  t yt u ł  m a g i s t r a  i n ż yn i e r a  n a  
k i e r u n k u  A u t om a t yk a  i  R ob ot yk a . O d  r ok u  2 0 0 3  j e s t  
d ok t or a n t e m  n a  w yd zi a l e  M e c h a t r on i k i . W  2 0 0 8  
r ozp oc zą ł  p r a c ę  w  f i r m i e  S c h n e i d e r . J e g o p r a c a  
n a u k ow a  k on c e n t r u j e  s i ę  n a  t e m a t yc e  zw i ą za n e j   
z za g a d n i e n i a m i  s t e r ow a n i a  e k on om i c zn ym i ,  p ozyc j o-
n u j ą c ym i  n a p ę d a m i  p n e u m a t yc zn ym i . O p r a c ow a ł  4  
p u b l i k a c j e . P r zyg ot ow u j e  zg ł os ze n i e  p a t e n t ow e   
w  za k r e s i e  e n e r g i o-os zc zę d n e g o s t e r ow a n i a  p ozyc yj n e g o 
s i ł ow n i k a m i  p n e u m a t yc zn ym i . 
 
e-m a i l :  m k u c z y n s k i @ m c h t r . p w . ed u . p    
 
A p p l i cat i o n o f  ad ap t i v e st at e sp ace co nt ro l l ers w i t h  o n-l i ne 
o b serv ers [ 1 ,  3 ] ,  t o g et h er w i t h  v ery  f ast  p ro p o rt i o nal  v al v es and  
sh o rt  samp l i ng  i nt erv al  o f  1  ( o r ev en l ess)  ms,  h as resu l t ed  i n 
p o si t i o ni ng  sy st ems w h i ch  ach i ev e p o si t i o ni ng  erro r b el o w  0 . 1 mm 
and  mo v ement  sp eed  mo re t h an 1 , 5  m/ s [ 4 ,  9 ] .  A  st ru ct u re o f  su ch  
a p o si t i o ni ng  p neu mat i c d ri v e i s p resent ed  i n F i g .  1 a.  
 
a )          b )  

  
F i g . 1. a )  A  s t r u c t u r e  of  a  m od e r n  p n e u m a t i c  s e r v o-d r i v e  w i t h  t h e  5 / 3  s e r v o-v a l v e ,  

b )  S t r u c t u r e  of  a  d e v e l op m e n t  s ys t e m  s e r v o-d r i v e  w i t h  f ou r  s w i t c h  v a l v e s   
R ys . 1. a )  S t r u k t u r a  p n e u m a t yc zn e g o s e r w o-n a p ę d u  z za w or e m  p r op or c j on a l n ym  

5 / 3 ,  b )  U k ł a d  b a d a n i a  s e r w o-n a p ę d u  z 4  za w or a m i  p r ze ł ą c za j ą c ym i  
 
O ne sh o u l d  al so  ment i o n a g ro u p  o f  d ri v es,  i n w h i ch  an 

exp ensi v e p ro p o rt i o nal  v al v e i s rep l aced  b y  t w o -p o si t i o n 
sw i t ch i ng  v al v es ( al t ernat i v el y  w o rki ng )  w i t h  P W M -l i ke co nt ro l  
t ech ni q u e [ 1 0 ] .  T h i s so l u t i o n h o w ev er,  i ncreases ai r co nsu mp t i o n 
and  d u e t o  t h e no i se g enerat ed  ( b y  P W M  mo d u l at i o n)  i s h ard  t o  
accep t  i n p ract i cal  ap p l i cat i o ns.   
A mo ng  o t h ers serv o -sy st ems,  t h e p o si t i o ni ng  p neu mat i c d ri v e i s 

ch aract eri sed  b y  a h i g h  d y nami c,  ad v ant ag eo u s p o w er-t o -w ei g h t  
rat i o  and  o v erl o ad i ng  cap ab i l i t y  [ 9 ] .  B u t  i t s t rad i t i o nal  st ru ct u re 
h as a nu mb er o f  d raw b acks:  l eakag es o f  t h e p ro p o rt i o nal  serv o -
v al v e and  co nt i nu o u s act i o n o f  t h e u sed  co nt ro l l er act i v at i ng  t h e 
v al v e ( ev en i n t h e st ead y  st at e)  i ncrease co nsi d erab l y  t h e 
co mp ressed  ai r co nsu mp t i o n [ 9 ] .  A d v anced  co nt ro l  al g o ri t h ms 
req u i re u s t o  h av e a p reci se and  exp ensi v e measu rement  sy st em 
f o r t h e est i mat i o n o f  sp eed  and  accel erat i o n o f  t h e p i st o n f o r t h e 
st at e sp ace co nt ro l l er [ 2 ,  5 ] .  A l so  t h e co st  o f  t h e p ro p o rt i o nal  
serv o -v al v e i s si g ni f i cant .  A  sp eci f i c b eh av i o u r o f  t h e st at e sp ace 
co nt ro l  i s p resent ed  i n F i g . 2 ,  w h ere t y p i cal  t ransi ent s o f  t h e 
p o si t i o n,  sp eed  and  co nt ro l  si g nal s [ 4 ,  5 ]  are p l o t t ed .  T h e st at e 
sp ace co nt ro l  al g o ri t h m h as t o  p rev ent  an o v ersh o o t  i n t h e 
p o si t i o ni ng  so  i n t h e f i rst  2 0 0  ms i t  d ri v es as f ast  as p o ssi b l e,  b u t  
i n t h e l ast  p h ase o f  t h e mo v ement  ( ca.  6 0 0  ms! ! )  i t  v ery  caref u l l y  
and  sl o w l y  ap p ro ach es t o  t h e req u i red  f i nal  p o si t i o n.  T h i s sl o w  
p h ase o f  t h e mo v ement  makes an av erag e p i st o n v el o ci t y  t o  b e 
q u i t e l o w  ( f o u r t i mes l ess t h an i t  i s p o ssi b l e) .  O t h er o b serv at i o n i s 
v ery  i mp o rt ant  t o o :  t h e act i v i t y  o f  t h e serv o -v al v e ( af t er f i rst  8 0  
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ms) is PWM-l ik e,  it y iel d s ma ny  step s of  su b seq u ent f il l ing  a nd  
emp ty ing  of  cy l ind er v ol u mes w ith  comp ressed  a ir,  a nd  resu l ts in 
u nnecessa ry  a ir consu mp tion a nd  l ou d  noise.  
T h e ma in a im of  th e p rop osed  control  a p p roa ch  is to red u ce a ir 

consu mp tion in p ositioning  sy stem.  I t is imp l emented  in tw o 
w a y s:  rep l a cing  th e ex p ensiv e,  p rop ortiona l  5 / 3  v a l v e w ith  
rema rk a b l e interna l  l ea k a g e b y  f ou r f a st sw itch ing  v a l v es,  F ig .  1 b ,  
w h ich  h a v e neg l ig ib l e l ea k a g e a nd  th e a p p l ica tion of  q u a si time-
op tima l  control  comp osed  of  onl y  sev era l  step s:  op ening ,  a nd  
cl osing  th e cy l ind er v ol u mes w h a t resu l ts in sma l l  a ir consu mp tion 
a nd  sh ort control  time.  
 

a) 

       
b ) 

  
F i g . 2 .  T r an s i en t s  o f :  a) p i s t o n  p o s i t i o n  an d  v elo c i t y ,  b ) c o n t r o ller  o u t p u t  i n  t h e 

p n eu m at i c  s er v o -s y s t em  w i t h  t h e s t at e-s p ac e c o n t r o l 
R y s . 2 .  P r z eb i eg i :  a) p o ł o ż en i a i  p r ę d k o ś c i  t ł o k a,  b ) w y j ś c i e z  r eg u lat o r a w  u k ł ad z i e 

p n eu m at y c z n eg o  s er w o -n ap ę d u  z  alg o r y t m em  z m i en n y c h  s t an u  
 
 

2. P r o p o s e d  w a y  o f  c o n t r o l  
 
T h e consid ered  d riv e control  is to a ch iev e th e f a st p ositioning  

w ith  a  mod era te f ina l  p osition a ccu ra cy ,  sig nif ica ntl y  red u ced  
p ositioning  time a nd  consu mp tion of  th e comp ressed  a ir,  F ig .  1 b .  
T h e id ea  of  time-op tima l  control  of  a  p neu ma tic d riv e is b a sed  on 
th e u sa g e of  f ou r f a st sw itch ing  v a l v es,  F ig .  1 b ,  th a t a re control l ed  
d irectl y  [ 2 ,  6 ] ,  a nd  f ina l  p osition is rea ch ed  w ith ou t ov ersh oot or 
w ith  th e neg l ig ib l e one.  
 

  
F i g . 3 .  S i m u lat ed  p o s i t i o n  c o n t r o l w i t h  q u as i  t i m e-o p t i m al alg o r i t h m  
R y s . 3 .  M o d elo w an e p r z eb i eg i  p o z y c j o n o w an i a z  c z as o -o p t y m aln y m  s t er o w an i em  
 
A  resistiv e p osition tra nsd u cer is u sed  f or th e su p erv ision of  th e 

p iston mov ement a nd  a d a p ta tion in th e ca se of  ob serv ed  
ma l f u nction.  A n ex a mp l e of  simu l a ted  tra nsients of  th is ty p e of  
control  is p resented  in F ig .  3 .   

C onsid ered  control  stra teg y  is b a sed  on th e p re-ca l cu l a tion of  
sw itch ing  times [ 2 ,  6 ]  f or ea ch  of  f ou r v a l v es b ef ore th e p iston 
mov ement.  I n th e f irst p h a se of  control ,  tw o sw itch es a re a ctiv e:  
th e f irst sw itch  is su p p l y ing  a  cy l ind er v ol u me w ith  h ig h er 
p ressu re,  w h il e th e second  is emp ty ing  v ol u me th a t h a s a  l ow er 
p ressu re.  A  time l eng th  of  th is interv a l  t1 control s a  p iston 
d isp l a cement.  T h e second  time interv a l  < t2,  t3>  is u sed  f or f il l ing  
of  b oth  v ol u mes w ith  comp ressed  a ir,  in ord er to a ch iev e a  h ig h  
a ir p ressu re in b oth  v ol u mes th a t h ol d s p iston h a rd  in th e f ina l  
p osition.  T h e sel ection of  time insta nt t2 is ca l cu l a ted  w ith  th e u se 
of  a  sp ecia l  a l g orith m to a v oid  a n ov ersh oot in th e l a st p h a se of  
th e mov ement.  T h e l eng th  of  time interv a l  t3-t2 d ep end s on th e 
req u ired  f ina l  p osition a nd  th e p iston d isp l a cement.  T h e tra nsients 
p resented  in F ig .  3  resu l t f rom one control  stra teg y .  Ma ny  of  th em 
a re tested  [ 2 ]  w ith  resp ect to a ch iev ed  req u ired  p a ra meters:  
control l a b l e p iston d isp l a cement,  l ow est p iston ov ersh oot a nd  h ig h  
f ina l  p ressu res in b oth  v ol u mes.  S tra teg ies f or th e d etermina tion of  
th e time insta nts t1,  t2 a nd  t3 a re q u ite comp l ex  a nd  w il l  b e 
d iscu ssed  l a ter.  Most imp orta nt is th e f a ct,  it is p ossib l e to h a v e 
th e control  w ith  d eterministica l l y  d ef ined  tra j ectory ,  v ery  sma l l  or 
no ov ersh oot,  a nd  w ith  in f a ct th e l ea st p ossib l e a ir consu mp tion.  
T h e emp tied  v ol u me h a s to l ost some a ir,  a nd  in f a ct th is a ir l oss is 
minima l  in th e p rop osed  control  tra j ectory  – a f ter th e 
d isp l a cement,  b oth  cy l ind er v ol u mes a re f il l ed  w ith  h ig h -p ressu re 
comp ressed  a ir,  rea d y  f or th e nex t p iston strok e.    
I n ord er to rea ch  th e set p osition w ith  d esired  l ev el  of  th e 

d isp l a cement error a nd  ov ersh oot,  it is cru cia l  to a d j u st th e timing  
(t1,  t2,  t3) of  th e control  sig na l s w h ich  a re resp onsib l e f or th e 
op ening  a nd  cl osing  th e inl et a nd  ou tl et v a l v es of  th e p neu ma tic 
a ctu a tor v ol u mes.  I n ord er to d iscov er p rop er ru l es,  ma ny  
ex p eriments h a v e to b e cond u cted  – th e timing  d ep end s on th e:  
initia l  p osition,  cy l ind er l eng th ,  d esired  p iston strok e,  su p p l y  a ir 
p ressu re,  mov ed  ma ss,  v a l v e ch a ra cteristics a nd  w h a t is v ery  
imp orta nt b u t h a rd  to d etermine – f riction cond itions in th e 
cy l ind er.  I n ord er to red u ce th e resea rch  time,  th e f irst p a rt of  th is 
inv estig a tion h a s b een p erf ormed  w ith  a  f a st p rototy p ing  
a p p roa ch .  A  simu l a tion p a ck a g e PE x S im (Process E x p l orer a nd  
S imu l a tion) [ 7 ]  h a s b een u sed  f or th e simu l a tion of  d if f erent 
control  stra teg ies [ 2 ] .  I n p neu ma tic p ositioning  sy stems,  th e b a sic 
is th e p recise h a nd l ing  of  f riction in cy l ind er,  w h a t is v ery  h a rd  to 
b e mea su red .  T o p erf orm a  rea l istic simu l a tion,  mea su red  
tra nsients of  th e p iston v el ocity  h a v e b een u sed  f or op tima l  f itting  
th e S trib eck  mod el  of  f riction tog eth er w ith  v a l v e f l ow  p a ra meters 
f or th e sy stem sh ow n in F ig .  1 b .  
 

a)   b ) 

 

0,05

0,1

0,1 5 

0,2

0,2 5

0,3

Stroke [m] 

5 
 
 
4 
 
3 
 
2 
 
1 

a .  
  

0,0 

0,01  

0,02  

0,03  

0,04  

0,05  

0,06  

0,07  

0,08  

0

0,1  0,2  0,3  

Stroke [ m ]

t3 [ s ]  
3              
                         1  
                                            
                           5 
                      
                 
                              2 
 
                           4  

  
F i g . 4. a) V alu e o f  t h e o p en i n g  t i m e t1 an d  p i s t o n  s t r o k e,  b ) V alu e o f  t i m e t3 an d  t h e 

p i s t o n  s t r o k e f o r  d i f f er en t  i n i t i al ai r  p r es s u r e v alu es  
R y s . 4. a) D ł u g o ś ć  p u ls u  p o c z ą t k o w eg o  t 1 i  s k o k  t ł o k a,  b ) C z as  o t w ar c i a t 3 i  s k o k  

t ł o k a d la r ó ż n y c h  p o z i o m ó w  c i ś n i en i a z as i lan i a 
 
T h e op timiz a tion is p erf ormed  w ith  th e a p p l ica tion of  a  u niq u e 

p ossib il ity  of  PE x S im – op timiz a tion of  d ef ined  p a ra meters of  
sh el l  mod el s w ith  resp ect of  g enera l l y  d ef ined  p erf orma nce ind ex  
[ 7 ] .  T h e simu l a tion resea rch  h a s resu l ted  in a  h u g e b a sis of  control  
tra nsients (ov er 5 0 0  ru ns) th a t h a v e a  sma l l  or neg l ig ib l e ov ersh oot 
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within the piston displacement. An investigation of these 
transients has y ielded different relations,  sometimes very  hard to 
explain. F or example,  F ig.4 a,  a relation between the piston stroke 
∆x and the valve opening time t1 for the different initial air 
pressure ( marked with integer values near curves)  in volumes is 
expectable and an approximation can be easy ,  but a corresponding 
relation of time t3,  F ig. 4 b,  is hard to explain and to estimate by  
any  reasonable deterministic function. After the testing of 
different approximation methods for the development of compact 
rules for the calculation of the times t1,  t2,  t3 an application of 
neural networks has been considered,  and a set of three multi-lay er 
perceptrons is used – each one to determine the single parameter tk 
as a relation between the supply  pressure,  actual position and set 
position. A verification of the determined parameters is arranged 
by  the tests of the proposed control using the model of the drive. 
Almost 9 0 %  out of 2 5 0  tests are good,  i.e.,  the final position is 
reached without the overshoot. 

I n order to cope with the piston displacements where the 
desired stroke is not reached with a req uired accuracy  ( of 1  mm)  
and/ or the overshoot is higher than assumed,  an adaptive 
algorithm is proposed. T his approach is based on the assumption 
that pneumatic positioning sy stem is operating in repeatable cy cles 
what is true in over 9 9 %  of applications. T herefore,  the introduced 
open-loop control can be successively  corrected,  starting from some 
initial set of parameters t1,  t2,  t3 and correcting them in each cy cle. 
G eneral idea of this approach is based on the observation,  what time 
parameters tk have an effect on the displacement length ∆x or 
overshoot η. F or example – for length of displacement is 
responsible time t1,  as shown in F ig. 4 .a. An increase of t1 gives an 
increase of ∆x. H ence,  a simple formula for the adaptation of time t1 
can be used  

>∈<∆−∆∆=∆ 7.0,1.0)(
1

1 λλ rd
n

d xx
t
x

t              ( 1 )  
 

where ∆xd is a req uired piston stroke ∆xr is a realiz ed piston 
stroke,  t1n  is the value of the parameter t1 calculated by  a neural 
net,  and λ is learning coefficient. S imilar approach is used for the 
adaptation of parameters t2 and t3 for j oint,  adaptive correction of 
the overshoot. S imulated transients show that the adaptation 
occurs within 4 -5  cy cles after the initial determination of 
parameters by  the neural nets. T he reduction of the displacement 
error can be decreased to 0 .5  mm and overshoot to 1  mm.  

S uch simple adaptation rules need a relatively  small 
computational power of the processor.  T he only  more time-
consuming calculations – neural net formulas for the initial 
evaluation of parameters t1,  t2,  t3 are made before the start of on-
line control and adaptation. T he measurement sy stem that is used 
only  for the position detection ( not for the estimation velocity  or 
acceleration)  can have a moderate q uality  and price.  

 
 

  
F i g . 5 .  S t a n d  f o r  t es t s  o f  t h e ec o n o m i c  c o n t r o l p n eu m a t i c  c o n t r o l s y s t em       
R y s . 5 .  S t a n o w i s k o  b a d a w c z e ek o n o m i c z n eg o  u k ł a d u  p o z y c j o n u j ą c eg o       

 
T he fast prototy ping phase is now completed with the testing of 

proposed control approach on a test stand,  F ig. 5 . O f course,  some 
corrections of the invented control are necessary ,  but first tests are 
q uite optimistic,  see F ig. 6 . As it is shown a control without the 
overshoot and a very  fast displacement are possible and can be 
implemented in real conditions. T he corresponding control 

consists of three steps,  results in a very  low air consumption and is 
q uiet,  what is very  uncommon in other solutions of the pneumatic 
positioning sy stems. T he lower the sampling interval,  the better is 
the adaptation correction that can work all the operation time.  

 
 

  
F i g . 6 .  T r a n s i en t s  o f  t h e o p en -lo o p  c o n t r o l:  p i s t o n  s t r o k e,  v elo c i t y  a n d  a c c eler a t i o n  
R y s . 6 .  P r z eb i eg i  s t er o w a n i a  o p t y m a ln eg o :  s k o k ,  p r ę d k o ś ć  i  p r z y s p i es z en i e t ł o k a  

 
 
3. C o n c l u s i o n s  
 
T he paper presents a certain approach,  and only  main problems 

investigated at research,  but it shows the important conclusion:  the 
fast pneumatic positioning sy stem with a very  low air 
consumption and low price can be technically  realiz ed. I t has 
cheap components,  is able to perform the positioning with the 
acceptable accuracy  and adaptively  reduces errors resulted by  
variable working conditions. T he application of such sy stem can 
be very  attractive for all of the manipulation or packaging tasks in 
which electrical sy stems are not allowed or are to expensive. 
R ecently  some reduction of application number of pneumatic 
positioning drives due to high cost of compressed air is observed. 
T he proposed approach can reduce at least some these 
disadvantages and allow the pneumatic sy stems to keep its 
competitive position on the market.  
T he limited accuracy  of the approach results from the open-loop 

control that does not have a feed-back action within the same 
piston displacement,  but for applications working in repetitive 
cy cles,  the feed-back can be replaced in part by  the adaptive action 
of algorithm.  
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