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A b s t r a c t  
 

T h i s  p a p e r p re s e nt s  t h e  i d e a  of  a  li ne a r c ont rol s t ra t e g y , s i m u la t i on a nd  
e x p e ri m e nt a l re s u lt s  re p re s e nt e d  b y  g ra p h s . T h e  re s u lt s  f rom  t h e  
i m p le m e nt a t i on of  t h e  p rop os e d  c ont rol a lg ori t h m  w i t h  t h e  u s e  of  a  re a l 
m a c h i ne  a re  a ls o s h ow n. 
 
K e y w o r d s :  E le c t ro-h y d ra u li c  c ont rol s y s t e m , I C O N -H I S I M , I nj e c t i on 
M a c h i ne s . 
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S t r e s z c z e n i e  

 
W  a rt y k u le  p rz e d s t a w i ono:  s p os ó b  d z i a ł a ni a  li ni ow e g o a lg ory t m u  
s t e ru j ą c e g o, w y ni k i  s y m u la c j i  i  e k s p e ry m e nt ó w  z os t a ł y  p rz e d s t a w i one   
w  p os t a c i  w y k re s ó w . Z na j d u j ą  s i ę  t u  ró w ni e ż  w y ni k i  u z y s k a ne  w  w y ni k i  
i m p le m e nt a c j i  op ra c ow a ne g o a lg ory t m u  na  rz e c z y w i s t e j  m a s z y ni e  
w t ry s k ow e j . 
 
S ł o w a  k l u c z o w e :  E le k t roh y d ra u li c z ny  u k ł a d  s t e row a ni a , I C O N -H I S I M , 
m a s z y na  w t ry s k ow a . 
 1 .  Introduction 
 
Mo d e r n hyd r au li c s ys t e m s  f o r  H i g h – S pe e d  I nj e ct i o n Machi ne s  

ar e  b as e d  o n s e r v o v alv e  – co nt r o lle d  e le ct r o hyd r au li c act u at o r s ,  
co nne ct e d  t o  a co m m o n pr e s s u r e  r ai l,  w i t h pr e s s u r e  k e pt  at  a f ai r ly 
co ns t ant  le v e l.  S u ch phys i cal co nf i g u r at i o n o f  t he  m achi ne  and  i t ’ s  
act u at o r s  le ad s  t o  e ne r g y lo s s e s .  B as e d  o n r e s e ar ch r e s u lt s  o f  
pr o j e ct  B r i t e / E u R am  B E -9 7  5 0 8 9 ,  a ne w  co nf i g u r at i o n o f  
hyd r au li c s ys t e m  w i t h a f i x e d  – d i s place m e nt  hyd r au li c pu m p 
co nne ct e d  t o  e le ct r i c s e r v o m o t o r  w as  pr o po s e d .  S u ch s o lu t i o n w as  
no t  ye t  av ai lab le  o n t he  m ar k e t ,  and  t he r e  i s  no  s t and ar d  i n t he  
co nt r o l o f  t he s e  m o d u le s .   

Int e lli g e nt  C o n t r o ls  f o r  H i g h-Spe e d  Inj e ct i o n M o u ld i ng  
Machi ne s  ( I C O N -H I S I M)  w as  an i nt e r nat i o nal pr o j e ct  t hat  s t ar t e d  
i n O ct o b e r  2 0 0 4  and  f i ni s he d  i n 2 0 0 8 .  T he  co ns o r t i u m  co ns i s t s  o f  
8  par t ne r s  f r o m  4  E u r o pe an co u nt r i e s .  I t  i nclu d e s  3  S ME s  and  3  
r e s e ar ch i ns t i t u t e s .  T he  g e ne r al o b j e ct i v e  o f  t he  pack ag e  t hat  w as  
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W  d z i a ł a l n o ś c i  n a u k o w e j  z a j m u j e  s i ę  g ł ó w n i e  
m o d e l o w a n i e m  d y n a m i k i  u k ł a d ó w ,  s t e r o w a n i e m  
z a a w a n s o w a n y m  o r a z  o p t y m a l i z a c j ą  w i e l o k r y t e r i a l n ą  
p r z y  w y k o r z y s t a n i u  a l g o r y t m ó w  i n t e l i g e n c j i  m a s o w e j .  
J e d e n  z  t w ó r c ó w  o p r a c o w y w a n y c h  w  i n s t y t u c i e  
p a k i e t ó w :  i d e n t y f i k a c j i  M I T f o r R D  o r a z  m o d e l o w a n i a  
P E x S i m .  
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pr e par e d  b y t he  I ns t i t u t e  o f  A u t o m at i c C o nt r o l and  R o b o t i c t e am  
w as  t o  d e v e lo p an ad v ance d  co nt r o l s ys t e m  f o r  a clam pi ng  u ni t .  
T he  ai m s  o f  t he  co nt r o l w e r e  as  f o llo w s :  t he  lo w e s t  act i o n t i m e ,  
r e al-t i m e  ad apt at i o n o n t he  m achi ne  par am e t e r s  chang e s ,  as  w e ll 
as  t he  no i s e ,  po w e r  co ns u m pt i o n and  v i b r at i o ns  r e d u ct i o n.   
 2 .  Model  of  C l am p ing  U nit of  th e Inj ection Mach ine 

 
Mo d e l o f  a clam pi ng  u ni t  o f  t he  i nj e ct i o n m achi ne  w as  cr e at e d  

b y Institut für Fluidtechnik T U  D r e s d e n ( T U D ) .  I T I  S i m u lat i o nX  
w as  u s e d  f o r  t hi s  as s i g nm e nt .  Me chani c d i ag r am  o f  t hi s  par t  o f  t he  
m achi ne  i s  s ho w n i n t he  F i g .  1 .  
 
 

  
F i g .  1 .   D i a g r a m  o f  t h e  c l a m p i n g  u n i t  o f  t h e  i n j e c t i o n  m a c h i n e  
R y s .  1 .   S c h e m a t  m e c h a n i z m u  z a m y k a j ą c e g o  f o r m ę  m a s z y n y  w t r y s k o w e j  
 

I t  has  par alle l w i t h t he  m o d e l w hi ch i s  s ho w n i n t he  F i g .  2 .  T he r e  
ar e  t hr e e  s e ct i o ns  i n t hi s  m o d e l:   
• C lam pi ng  u ni t ,  
• E le ct r i cal m o t o r  and   
• C o nt r o lle r .   
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F i g .  2 .   M o d e l o f  c lam p i n g  u n i t  o f  i n j e c t i o n  m ac h i n e  i n  I T I  S i m u lat i o n X  
R y s .  2 .   M o d e l m e c h an i z m u  z am y k aj ą c e g o  f o r m ę  m as z y n y  w t r y s k o w e j   

( w  o p r o g r am o w an i u  I T I  S i m u lat i o n X )  
 

 
3. L i n e a r  C o n t r o l  S t r a t e g y  f o r  C l a m p i n g  U n i t  
 
Bec ause th e new  ty p e of  c lam p ing  unit h as a str ong  nonlinear ity  

( F ig .  3 . ) , esp ec ially  in th e last p h ase of  th e m ov em ent ( c losing )  
and  th e g ains in th e sy stem  ar e c h ang ing  ab out 1 0 0 0  tim es, w e c an 
susp ec t th at th e c lassic  linear  ap p r oac h  w ill not w or k  c or r ec tly  in 
suc h  a sy stem .   
 
 

  
F i g .  3 .   R e lat i o n s h i p  b e t w e e n  m o v e m e n t  o f  c lo s i n g  p i s t o n s  x _ 1 -4  an d  lo c k i n g  

p i s t o n  x _ 5  
R y s .  3 .   Z ale ż n o ś ć  p o m i ę d z y  p r z e m i e s z c z e n i am i  s i ł o w n i k ó w  z am y k aj ą c y c h   

x _ 1 _ 4  I  s i ł o w n i k i e m  b lo k u j ą c y m  x _ 5  
 

Conception and implementation 
 
T h at’ s w h y  w e h av e p r op osed  th e linear  c ontr oller  c onsisting  of  

tw o p ar ts:   
• P ar tially  op en-loop  c ontr ol,  
• S tate sp ac e c ontr oller  ( w ith  m od if ic ations)  f or  th e f inal 
m ov em ent.  

 
 

  
F i g .  4 .   F i r s t  p h as e  o f  c o n t r o l – m o v e  w i t h  t h e  m ax i m al s p e e d  
R y s .  4 .   P i e r w s z a f az a s t e r o w an i a – r u c h  z  m ak s y m aln ą  p r ę d k o ś c i ą  
 
A t th e b eg inning  of  eac h  p h ase ( op ening  and  c losing  f or m )  th e 

c ontr oller  sets th e C V  ( c ontr ol v alue)  – sp eed  of  c lum p ing  unit to 

th e m ax im um  p ossib le v alue – th e m ac h ine m ov es as f ast as it c an.  
I t sets th e m ax im um  p ossib le v eloc ity  f or  th e m otor / p um p  unit.  
D ur ing  th is f ast p h ase it is nec essar y  to ob ser v e th e p osition and  

k eep  th e p um p  v eloc ity  w ith  r easonab le lim its to f ulf ill lim itations 
on th e p r essur e and  ac c eler ation v alues.  I f  th e c ur r ent p osition is 
c lose enoug h  to th e f inal p osition, th e state-sp ac e c ontr oller  sh ould  
star t to b r ak e th e f or m .  T h at m eans th e c ontr ol w ill tur n on th e 
state sp ac e c ontr oller .  T h is p h ase is d enoted  w ith  w eak  c ontour s in 
th e ab ov e p ic tur e.  
“ C lose enoug h ”  m eans th at th e f ollow ing  r elation is tr ue 
 

 
a

vpp current
currentfinal *2

2

<−       ( 1 )  
 

w h er e:   
p final  - f inal p osition, 
p c u r r e nt   -  instant p osition c ur r ently  m easur ed , c lose to th e 

b r ak ing  p h ase, 
v  c u r r e nt   -  instant v eloc ity  c ur r ently  m easur ed , 
a  - ac c ep tab le d ec eler ation  

 
D ur ing  th is p h ase of  c ontr ol, th e S tate S p ac e C ontr oller  ( S S C )  

g ener ates th r ee r ef er enc e sig nals:  p osition, v eloc ity  and  
ac c eler ation.  
 
 

  
F i g .  5 .   S e c o n d  p h as e  o f  c o n t r o l – m o v e  w i t h  an  ac c e p t ab le  d e c e le r at i o n  
R y s .  5 .   D r u g a f az a s t e r o w an i a – r u c h  z  d o p u s z c z aln y m  o p ó ź n i e n i e m  

 
T h e c ontr oller  k eep s th e ac c eler ation r ef er enc e c onstant up  to 

th e f inal p osition.   
T h e state sp ac e c ontr oller  need s to h av e a f eed b ac k  f r om  th e 

p osition, v eloc ity  and  ac c eler ation.   
Bec ause th e sy stem  m ay  b e not asy m p totic ally  stab le, th er e w as 

a need  to c om p ensate th is – an ad d itional c om p onent to th e c ontr ol 
v alue w as ad d ed .  I t w as b ased  on an assum p tion th at th e v eloc ity  
of  th e f or m  is p r op or tional to th e v eloc ity  of  th e p um p .   
T h e f inal f or m  of  th e sp ac e state c ontr oller  w as:  
 
    ( 2 )   

w h er e:  
c v  -  th e c ontr oller  outp ut f or  th e m otor  r otational sp eed  

and  h y d r aulic  p om p , 
k s h ift  - sh if t p ar am eter s of  th e c ontr ol v alue 
k r e f - r ef er enc e v eloc ity  c oef f ic ient 
kp, kv, ka - p osition /  v eloc ity  /  ac c eler ation - g ain c oef f ic ients, 
pr e f , v r e f , ar e f - r ef er enc e v alues of  p osition /  v eloc ity  /  

ac c eler ation, 
pc u r r , v c u r r  , ac u r r  -  m easur ed  v alues of  p osition /  v eloc ity  /  

ac c eler ation.  
 

T h e f ollow ing  p ic tur e sh ow s th e inter f ac e of  th e c ontr oller  
p r og r am .  I t allow s us to m od if y  all p ar am eter s of  th e c ontr oller .  
T h e c ontr oller  h as d if f er ent p ar am eter s f or  eac h  p h ase of  th e 
c lam p ing  c y c le ( op ening  and  c losing ) .  
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F i g . 6 .  I nt e r f a c e  of  t h e  c ont r ol l e r  p r og r a m  
R y s . 6 .  I nt e r f e j s  p r og r a m u  s t e r u j ą c e g o 

 
Opening: 
 

S t a r t  t i m e  – d elay  o f t h e m o v e s t ar t  [ s ] , 
F i n a l  p o s i t i o n  –  s t r o k e o f m o u ld  and  plu ng er  cy li nd er s  1 -4  at  t h e 

o peni ng  [ m ] , 
O p e n  l o o p  C V  – m ax i m al v elo ci t y  o f t h e m o t o r -po m p s et  [ r pm ] ,  
C V  r a i s e  t i m e  – i nt er v al fo r  t h e s peed  i ncr eas e [ s ] ,  
D e c e l e r a t i o n   –  m ax i m al d eceler at i o n o f t h e m o u ld  d u r i ng  t h e 

o peni ng  ( fi nal ph as e)  [ m / s 2] , 
S h i f t  – s h i ft  par am et er s  o f t h e co nt r o l v alu e kshift ( eq u at i o n 2 )  [ r pm ] , 
R e f .  v e l .  g a i n  – v elo ci t y  co effi ci ent  k r e f ( eq u at i o n 2 )  [ 1 ] , 
P o s i t i o n  g a i n  –  kp ( eq u at i o n 2 )  [ 1 / s ] , 
V e l o c i t y  g a i n  –  kv ( eq u at i o n 2 )  [ 1 ] , 
A c c e l e r a t i o n  g a i n  –  ka ( eq u at i o n 2 )  [ s ] , 
 

C l o s ing: 
 

W a i t  t i m e  – d elay  o f t h e m o v e s t ar t  [ s ]  
O p e n  l o o p  C V  – m ax i m al v elo ci t y  o f t h e m o t o r -po m p s et  [ r pm ] ,  
C V  r a i s e  t i m e  – i nt er v al fo r  t h e s peed  i ncr eas e [ s ] ,  
D e c e l e r a t i o n   –  m ax i m al d eceler at i o n o f t h e m o u ld  d u r i ng  t h e 

o peni ng  ( fi nal ph as e)  [ m / s 2] , 
S h i f t  – s h i ft  par am et er s  o f t h e co nt r o l v alu e kshift ( eq u at i o n 2 )  [ r pm ] , 
R e f .  v e l .  g a i n  – v elo ci t y  co effi ci ent  k r e f ( eq u at i o n 2 )  [ 1 ] , 
P o s i t i o n  g a i n  –  kp ( eq u at i o n 2 )  [ 1 / s ] , 
V e l o c i t y  g a i n  –  kv ( eq u at i o n 2 )  [ 1 ] , 
A c c e l e r a t i o n  g a i n  –  ka ( eq u at i o n 2 )  [ s ] , 
 
T h es e par am et er s  ar e als o  d es cr i bed  i n t h e fo llo w i ng  d i ag r am s , 

F i g s .  7  and  8 .  
 
 

   
F i g . 7 .  P os i t i on of  p i s t on 5  ( r e d ) ,  p os i t i on of  t h e  f or m  ( g r e e n) ,  c l a m p i ng  f or c e  

( b l u e ) ,  C V  - s p e e d  v a l u e  ( g r e y )  
R y s . 7 .  P oł oż e ni e  s i ł ow ni k a  5  ( c z e r w ony ) ,  p oł oż e ni e  f or m y  ( z i e l ony ) ,  s i ł a  

z a m k ni ęc i a  ( ni e b i e s k i ) ,  w a r t oś ć  p r ęd k oś c i  ( s z a r y )  
 

  
F i g . 8 .  V e l oc i t y  of  p i s t on 5  – sensor 5( r e d ) ,  v e l oc i t y  of  t h e  f or m  – sensor 2  ( g r e e n) ,  

r e f e r e nc e  v e l oc i t y  f or  c ont r ol  - f r om  c ont r ol l e r  ( b l u e )  
R y s . 8 .  P r ęd k oś ć  s i ł ow ni k a  5  –s e ns or  5  ( c z e r w ony ) . p r ęd k oś ć  f or m y  – s e ns or  2  

( z i e l ony ) ,  s y g na ł  p r ęd k oś c i  z a d a ne j  z e  s t e r ow ni k a  ni e b i e s k i )  
 

D u r i ng  t h e m o u ld  o peni ng , t h e co nt r o ller  s et s  t h e v elo ci t y  ( and  
po s i t i o n)  o f t h e m o u ld  s e n s o r _ 2  – pi s t o ns  1 -4 .  D u r i ng  t h e clo s i ng , 
t h e v elo ci t y  ( and  po s i t i o n)  o f t h e fi ft h  pi s t o n ar e co nt r o lled .  
 
4. S i m u l a t i o n  T e s t  R e s u l t s  
 
F o llo w i ng  d i ag r am s  fo r  t h e m o u ld  co nt r o l w er e o bt ai ned  fo r  

d i ffer ent  m o u ld  m as s es  and  s t r o k es .  T h e F i g u r es  pr es ent  bas i c 
v alu es :  po s i t i o n o f pi s t o n 5  ( s ens o r  5 ) , po s i t i o n o f t h e m o u ld  
( s ens o r  2 ) , C lam pi ng  fo r ce ( F i  s o u r ce)  and  t h e co nt r o l v alu e.  A ll 
t r ans i ent s  w er e o bt ai ned  fo r  t h e s am e co nt r o ller  par am et er s .  
F o r  bet t er  v i s u ali z at i o n, v alu es  o f s ens o r  5  ar e pr es ent ed  w i t h   

a r ev er s ed  s i g n.  A  d r y  cy cle t i m e w as  d et er m i ned  as  t h e co nt r o l 
i nt er v al w i t h  s u bt r act i o n o f a q u i et  ph as e t i m e ( i n t h e m i d d le o f 
each  plo t ) , and  g i v en i n s eco nd s  at  t h e bo t t o m  o f each  pi ct u r e.  
M o r eo v er , t h er e a fact o r  called  t h e ener g y  i nd ex  i s  pr es ent ed  ( 3 ) , 
t h at  w as  u s ed  fo r  co m par i s o n o f t h e ener g y  co ns u m pt i o n i n each  
cy cle ( w i t h  t h e co ns t ant  v alu e o f k1 =  1 0 · e6)  w h er e T ( at  t h e 
clo s i ng  o f t h e fo r m )  w as  d et er m i ned  as  a t i m e o f t h e clam pi ng  
fo r ce r each i ng  9 0 %  o f r eq u i r ed  o f i t s  m ax i m u m  v alu e) .  
 

    ( 3 )  
 

w h er e:  M – i s  t h e t o r q u e, ω - i s  t h e r o t at i o n s peed .  
 
 

  
S t r ok e  4 5 c m ,  m a s s  1 0 0 0 k g ,  d r y  c y c l e  t i m e :  1 0 3 7 m s ,  e ne r g y  i nd e x :  0 .9 5  

 

  
S t r ok e  6 0 c m ,  m a s s  2 0 0 0 k g ,  d r y  c y c l e  t i m e :  1 1 9 4 m s ,  e ne r g y  i nd e x :  1 .2 0  
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S t r ok e  4 5 c m ,  m as s  2 0 0 0 k g ,  f r i c t i on  + 3 0 % ,  d r y  c y c l e  t i m e :  1 0 4 8 m s ,  e n e r g y  i n d e x :  1 . 1 0  
 
F or b et t er comparis on of  t h e cont rol  ef f ect s ,  s ome ind ices  w ere 

cal cul at ed  and  pres ent ed  in t h e pl ot s ,  t h at  int eg rat e cont rol  q ual it y  
in each  cas e.  T ab . 1  cont ains  t h es e ind ices  t ak en f rom t h e ab ov e-
s h ow n d iag rams .   
T h e dry cycle time is  t h e neces s ary  t ime f or opening  and  cl os ing  

( s ee F ig .  7 . ) .  
V elo city o f  th e p lu n g er a ctu a to rs  is  t h e v el ocit y  of  t h e f orm at  

t h e moment  w h en t h e cl amping  f orce reach es  9 0 %  of  it s  
max imum v al ue.   
M a x imu m p o s itio n  o f  th e f o rm is  t h e pos it ion t h at  is  reach ed  

d uring  t h e opening  of  t h e f orm ( us ual l y  it  h as  s ome ov ers h oot ) .   
E n erg y in dex  w as  al read y  d ef ined  ab ov e.  
M eas urement s  of  t h e d ry  cy cl e t ime,  d ev iat ion of  t h e pl ung er 

act uat ors  /  f orm pos it ion,  v el ocit y  of  t h e pl ung er act uat ors  /  f orm 
and  energ y  ind ex  w ere cal cul at ed  unt il  t h e moment  w h en t h e 
cl amping  f orce reach es  9 0 %  of  it s  rat ed  v al ue.  
T h e cont rol  s y s t em operat es  properl y  f or d if f erent  pos it ion 

j umps  and  f or d if f erent  mas s es  of  t h e f orm,  s ee T ab l e 1 .  T h e 
q ual it y  of  t h e f orm pos it ioning  d uring  t h e cl os ing  w as  q uit e g ood  
and  ind epend ent  on t h e s t rok e,  mas s  of  t h e f orm and  ev en t h e 
f rict ion f orce.   
D uring  t h e f orm opening ,  s ome ov ers h oot  w as  ob s erv ed  ( 6  t o 

1 3  mm) .  T h is  ov ers h oot  d epend s  on t h e mas s  ( a b ig g er mas s  h as  
ind uced  a b ig g er ov ers h oot ) ,  and  on t h e f rict ion f orce ( a b ig g er 
f rict ion h as  ind uced  a s mal l er ov ers h oot ) .  
 

T ab .  1 .   C om b i n at i on  of  d i f f e r e n t  s t r ok e s ,  m as s  of  t h e  f or m ,  an d  f r i c t i on  c oe f f i c i e n t s  
T ab .  1 .   K om b i n ac j a r ó ż n y c h  w ar t oś c i  s k ok u ,  m as y  f or m y  i  w s p ó ł c z y n n i k a t ar c i a 
 

C al c u l at e d  p ar am e t e r s  
d r y  
c y c l e  
t i m e  

v e l oc i t y  of  
p l u n g e r  ac t u at or s  

m ax i m u m  
p os i t i on  of  f or m  

E n e r g y  
i n d e x  

s t r ok e ,  m as s ,  s h i f t  of  f r i c t i on  [m s ] [m / s ] [c m ] [ ] 
3 0 c m ,  2 0 0 0 k g  8 9 1  -0 . 0 1 6  3 0 . 7 9  0 . 9 0  
4 5 c m ,  2 0 0 0 k g  1 0 4 5  -0 . 0 1 4  4 5 . 9 2  1 . 0 9  
6 0 c m ,  2 0 0 0 k g  1 1 9 4  -0 . 0 1 0  6 0 . 9 9  1 . 2 0  
4 5 c m ,  1 0 0 0 k g  1 0 3 7  -0 . 0 1 1  4 5 . 7 0  0 . 9 5  
4 5 c m ,  3 0 0 0 k g  1 0 6 7  -0 . 0 1 3  4 6 . 1 4  1 . 2 4  

4 5 c m ,  2 0 0 0 k g ,  f r i c t i on  -3 0 %  1 0 5 1  -0 . 0 1 7  4 5 . 8 6  1 . 1 0  
4 5 c m ,  2 0 0 0 k g ,  f r i c t i on  + 3 0 %  1 0 4 8  -0 . 0 1 6  4 5 . 9 2  1 . 1 0  
 
 
5. E x p e r i m e n t a l  R e s u l t s  
 
T h e s impl es t  w ay  t o t es t  t h e al g orit h m on a real  mach ine,  w as  t o 

us e a mach ine ow ned  b y  T U  D res d en – one of  t h e I C O N  proj ect  
part ners .  T h ank s  t o t h is  co-operat ion,  t es t s  of  cont rol  al g orit h ms  
w ere impl ement ed  on a mach ine s imil ar t o t h e prot ot y pe.  
I nv es t ig at ed  mach ine cons is t ed  of :  cons t ant  d is pl acement  pump 
d riv en b y  an as y nch ronous  el ect ric mot or,  h y d raul ic act uat or 
( d if f erent ial  cy l ind er) ,  t og g l e mech anis m and  moul d  ( F ig .  9 ) .  T h e 
al g orit h ms  w ere impl ement ed  in t h e real  t ime proces s or card  
D S 1 1 0 4 .   
 
 

  
F i g .  9 .   D i ag r am  of  t h e  c l am p i n g  u n i t  of  t h e  t e s t e d  i n j e c t i on  m ac h i n e  
R y s .  9 .   S c h e m at  m e c h an i z m u  z am y k aj ą c e g o f or m ę  t e s t ow an e j  m as z y n y  

w t r y s k ow e j  
 
F ol l ow ing  meas urement s  w ere mad e w it h  t h e us e of  a l inear 

cont rol l er w it h  a cons t ant  paramet ers  al g orit h m paramet ers  ( as  in 
t h e s imul at ion t es t s ) ,  f or t h e f ol l ow ing  d is pl acement s :  2 5 ,  3 0  and  
3 5  cm.  
D uring  t h e inv es t ig at ion w it h  t h e us e of  a real  mach ine,  a proper 

w ork  ( s moot h  and  precis e)  of  d es ig ned  al g orit h ms  w as  prov ed .  
T h e d ry  cy cl e t ime w as  min.  5 %  s h ort er t h an t h e one impl ement ed  
in t h e prev ious  v ers ion ( s t at e s pace cont rol ) ,  w it h  l es s  energ y  
cons umpt ion.  
P res ent ed  res ul t s  w ere ach iev ed  af t er a v ery  s h ort  s t art -up t ime,  

t h ank s  t o t h e appl ied  f as t  prot ot y ping  t ech niq ue.  P repared  mod el s  
( us ing  S imul at ion X  and  M at L ab )  w ere precis e enoug h  t o 
inv es t ig at e and  cal ib rat e d es ig ned  al g orit h ms  b ef ore t h eir 
impl ement at ion w it h  t h e us e of  a real  mach ine.  
 

 S t r ok e :  3 5 c m ,  d r y  c y c l e  t i m e :  1 6 8 4 m s ,  ov e r s h oot  ( op e n i n g )  8  m m  
 
 

 S t r ok e :  3 0 c m ,  d r y  c y c l e  t i m e :  1 5 7 1 m s ,  ov e r s h oot  ( op e n i n g )  1 0  m m  
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 Stroke: 25 cm, dry cycle time: 2720ms, overshoot (opening) 25 mm 
 
I n g enera l , t h e c ont rol  a l g orit h m  w ork s  properl y for d ifferent  

s t rok es  of a  m ou l d . Q u a l it y of pos it ioning  of t h e form  d u ring  t h e 
c l os ing  a nd  opening  c yc l e is  g ood  ( s ee T a bl e 2 ) . 
 

T a b .  2.   C ompa rison of  dif f erent strokes 
T a b .  2.   P oró w na nie pa ra metró w  pra cy dla  ró ż nych skokó w  
 

Stroke D ry cycle  
time O vershoot 

[ cm]  [ ms]  [ mm]  
25  1 4 71  25 
3 0 1 571  1 0 
3 5 1 6 84  8 

 
 

D u ring  opening  of t h e form , s om e ov ers h oot  w a s  obs erv ed  ( 2  t o 
2 5  m m ) .  
I nc rea s ing  m ou l d  s t rok e res u l t ed  in inc rea s ing  a  d ry c yc l e t im e 

– a nd  red u c ing  a  s pec ific  d ry c yc l e t im e ( d ry c yc l e t im e d iv id ed  by 
t h e m ou l d  s t rok e) . 
 
6. S u m m a r y  
 
A  g enera l  obj ec t iv e for t h e a bov e d es c ribed  proj ec t  w a s  t o 

d ev el op a n a d v a nc ed , l inea r c ont rol  a l g orit h m s  for a  c l a m ping  
u nit . T h e a im s  of t h e c ont rol  w ere:  d ry c yc l e t im e h a d  t o be a s  
s h ort  a s  pos s ibl e, rea l -t im e a d a pt a t ion t o t h e m a c h ine pa ra m et ers  
c h a ng es  w a s  ex pec t ed , a nd  t h e nois e, pow er c ons u m pt ion a nd  
v ibra t ions  h a d  t o be red u c ed .  
T o a c h iev e t h e a im s , fa s t  – prot ot yping  t ec h niq u e w a s  a ppl ied . 

T h e firs t  m a t h em a t ic a l  m od el s  of t h e inv es t ig a t ed  prot ot ype w ere 
prepa red  ( by T U  D res d en t ea m ) . T h en t h es e m od el s  w ere u s ed  a s  
a  ba s is  for t h e d es ig n a nd  t es t s  of c ont rol  a l g orit h m s . A t  l a s t , t h e 
d ev el oped  a l g orit h m s  w ere im pl em ent ed  in a  rea l  t im e proc es s or 
c a rd  D S 1 1 0 4  s o a s  t o c ont rol  t h e rea l  m a c h ine. 
D ev el oped  a l g orit h m s  w ere prec is el y d es c ribed  a nd  

im pl em ent ed  in C + +  c od e w it h  c l ea r a nd  rea d y t o u s e ( rea d y t o 
l oa d  int o a n ind u s t ria l  c ont rol l er)  opera t or' s  int erfa c es . B ot h :  
s im u l a t ion a nd  rea l  t es t s  w ere c ond u c t ed . 
 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Artykuł recenzowany 
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