
Abstract

O rb ita l  ro to r  u n i t  is found to have a  very high m ag n i tu d e  of ‘to rque  to 

....inertia’ rat io  am on gst different types  of h yd ro sta tic  m otors . Such an unit is 

, m ore  specifically t e rm e d  as ‘Epitrochoid ge ne ra ted  R O ta r y  P i s t o n  M A c hine  

( R O P I M A ) ’ ty p e  Lo w  Speed High Torque  (LSH T ) m o to r .  Such units  are 

geom etrica lly  re la ted  with  the  W a n k e l  E n g i n e .  Very few l i te ra tu re  on the 

analysis  of such m otors  are available.

In th e  p resen t work, an a t t e m p t  has been m ad e  to  ana lyze  the  dynamic 

as well as the  s tead y  s ta te  charac ter is t ics  of O rbi ta l  ro to r  L SH T  hydrostatic  

■motor. Tw o types  of Hydrostatic  Transm ission  (H ST ) sys tem s  incorporating 

a  large  a nd  s tab le  sou rce  of supply, have been  considered for analysis of the 

p erform an ce  of th e  m oto r .  A closed loop H S T  system  consisting  of the  same 
m o to r  a nd  a  variable disp lacem en t axial p iston  p u m p  has also been  studied 
in th is work.

^ 'M odel ling  of these  system s  have  been  done th rou g h lu m p e d  param eter

- rep re se n ta tio n  of various m echanical a nd  fluid line chara c te ris tic s .  Bond-

grapli tech n iq u e  has been used for m odelling  these system s . Derivation of 

th e  system  equ ation s  a nd  th eir  num er ica l  sim ulat ions are  car ried  out using 

' th e  software C O S M O .

T h e  influence of various p a ram ete rs  on th e  t ra n sie n t  response charac-

te rist ics  of th e  sy s te m  a re  s tudied . Som e non-d im ens ional  p a ra m e te rs  have 

also been in t ro du c ed  to  present th e  c o m p u ta tion a l  resu l ts  in a  com pact and  

genera lized form. T h e  p erfo rm ance  of th e  m o to r  has also been  s tud ied  with 

reference to  these  non-d im en siona l  p a ra m e te r s .

Ow ing to  th e  high  fluid bulk stiffness, low in er t ia  o f  th e  fluid, and  rap id  

op en ing  and  c losing of th e  valve p o r ts ,  th e  above so lution  b e ca m e  c o m p u -

ta t io na l ly  stiff even  for th e  s teady  s ta te  analysis, t h a t  is n o rm al ly  r e q u i r e d  

for general  pu rp o se  app lica tions . A tractable solution  h a s  b ee n  proposed to 

overcom e these difficulties. T h is so lu tion provides a  fair d ep ic t io n  of the 

c ha rac te r is t ic s  of all its  s ta te s  w i th  very l i t t l e  c o m p u ta t io n a l  effort.

T h ere  are  m a n y  fac to rs  which d e te rm in e  th e  p e rfo rm a n ce  of th e  m o to r .  

Som e of th e m  can  be  de te rm in e d  th eo re tica l ly  a nd  o th e rs  m a y  be found fro11* 

^experim en ta l inves tiga tions .  H owever, it  is difficult to  e s t im a te  th e  inter- 

c h a m b e r leakage res is tance ,  e ithe r  th eo re tic a l ly  or e x pe rim e nta l ly .  A semi- 

e m pirica l a pp ro a ch  has therefo re  b een  developed  to  e s t im a te  th is  resistance-



v5v

In o r d e r  to  e s t im a te  th e  in te r -c h a m b e r  leakage, th e  overall b o n d g ra p h  

m o d e l  h a s  b e en  re du c e d  to  a  s im plified  fo rm  w here  various losses of th e  

s y s te m  h a ve  b e en  l u m p e d  in to  th re e  res istive  e lem en ts .  A re d uc ed  m o d el 

t h u s  o b ta in e d ,  h as  few er a d ju s ta b le  p a ra m e te r s  requ ir in g  lesser n u m b e r  of 

t e s t  ru n s  to  e s t im a t e  th e m .  T h e  sy s te m  n o nl ine a ri t ies  a re  a c co un te d  for by 

a l low ing  th e  loss coefficients to  b e  s im p le  funct ions  of th e  s ta t e  variab les  of th e  

s y s te m . T h e  r es u l ts  of t h e  r e d u ce d  m o d e l  has  b ee n  v a lid a ted  ex p erim en ta l ly .  

T h e  se m i-e m p iric a l  re la t io n  for th e  loss coefficient is e s ta b l ishe d  th ro u gh  
e x p e r im e n ta l  r e s u lt s  a n d  th eo re tic a l  ob servat ions .  T h e  overall m o de l of th e  
m o to r ,  a n d  i ts  t r a c t a b l e  so lu tion  o b ta in e d  using th e  prop o sed  es t im a t io n  

p ro ce d u r e ,  ha v e  b ee n  e x p e r im e n ta l ly  verified.

T h e  d y n a m ic  as well as s te a d y  s t a t e  analysis  of an  H S T  sy ste m  consis t ing  

of  t h e  s a m e  m o to r  a n d  a  va riab le  d i sp la c em en t  ax ial p is to n  p u m p  h av e also 

b e e n  p e rfo r m e d  in th is  work . B o n d g ra p h  tec hn iqu e  has again been  used  to  

m o d e l  t h e  s y s te m . W h ile  m ode ll ing , th e  s tea d y  s ta te  so lu tion of m o to r  has 

b ee n  c on s id e re d  as an  i n p u t  to  t h e  sys te m . Such a  so lu tion  is t e rm e d  here 

as t h e  Q u a si -s ta tic  solution . T h e  effects of various p a ra m e te r s  of th e  p u m p  

a n d  t h e  m o to r  on  th e  overall p e r fo rm a n c e  of th e  s ys te m  have been  s tud ie d . 

U sing  t h e  s y s te m  e q u a t io n s  de rive d  from  th e  b o n d g rap h  m odel,  a  sim plified  

te c h n iq u e  h as  b ee n  fo rm u la te d  for p red ic t in g  th e  s tea d y  s ta te  b eh av iou r  of 

t h e  sy s te m . T h e se  m ode ls  have  also bee n  verified exper im en ta l ly .


