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A b s trac t : S tr in g e n t e m is s io n  re g u la t io n s  a n d  in c re a s in g  d e m a n d s  o n  re d u c t io n s  o f  n o is e  a n d  v ib ra t io n  o f  c o m m o n  ra il  
d ire c t  in je c tio n  (C R D I)  d ie se l  e n g in e s  le a d  to  th e  a d v e n t o f  p ie z o -a c tu a te d  in je c to r s . C o m p a re d  w ith  so le n o id -a c tu a te d  
in je c to r s , p ie z o -a c tu a te d  in je c to rs  g e n e ra te  g re a te r  fo rc e  a n d  g iv e  f a s te r  re sp o n s e  t im e , re su lt in g  in  m o re  a c c u ra te  a n d  
fa s te r  in je c t io n s . T h e  a c c u ra te  a n d  fa s t  re s p o n se  o f  a n  in je c to r  c a n  o f fe r  a n  o p p o r tu n ity  to  c o n tro l  th e  c o m b u s tio n  
p ro c e s s  a n d  p o llu ta n t fo rm a tio n . In  th is  s tu d y , th e  m a th e m a tic a l  m o d e l  o f  a  p ie z o -a c tu a te d  in je c to r  is  d e v e lo p e d . A n  
e s t im a to r  o f  th e  in je c t io n  ra te  o f  th e  p ie z o -a c tu a te d  in je c to r  is  d e s ig n e d  b a se d  o n  th is  m o d e l . T h e  s l id in g  m o d e  th e o ry  is  
a p p l ie d  to  th e  e s tim a to r  d e s ig n  in  o rd e r  to  o v e rc o m e  m o d e l u n c e r ta in tie s . T h e  in je c to r  m o d e l a n d  th e  e s t im a to r  a re  
v e r if ie d  b y  th e  in je c t io n  e x p e r im e n ts  in  a n  in je c to r  te s t  b e n c h . T h e  s im u la tio n  a n d  th e  e x p e r im e n ta l  re su lts  sh o w  th a t  th e  
p ro p o se d  s l id in g  m o d e  o b se rv e r  c a n  e f fe c tiv e ly  e s tim a te  th e  in je c tio n  t im in g  a n d  th e  in je c tio n  ra te  o f  th e  p ie z o -a c tu a te d  
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Fig. 1 Operation principle of a piezo injector
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(a) Rail pressure : 600 bar, injection duration : 1.2 ms
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Fig. 3 Comparison between the measured and modeled 
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Fig.  5  Comparison between the measured and estimated electric charge and injection rate
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