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S E CT I O N  1  

PROJECT SUMMARY 

V e hic l e  e mi s s io ns  c a n  a f f ec t  t h e  e nv i r o n me n t  i n  s e ve r a l  wa ys .  

Ca rs  e m i t  g r ee nh ou se  ga s se s ,  suc h  a s  c a rb on  d i o x id e ,  wh i c h  c on t r i bu t e  

t o  g l o ba l  war m i n g.  S ome  a i r  po l lu ta n t s  a n d  pa r t i c u l a t e  m a t t e r  f r o m  c a r s  

c an  be  de p o s i t e d  on  so i l  a nd  s u r f a ce  w a t e r s  w he re  t he y  e n t e r  t h e  f ood  

c ha i n ;  t hese  s ub s t a nce s  c a n  a f f ec t  t h e  r e p r od uc t i ve ,  r e sp i r a t o r y ,  

i mm u ne  and  n e u r o l o g i ca l  s ys t e m s  o f  an im a l s .  

D e sp i t e  va s t  r e se a r ch  t o  f o rm u l a t e  co mp a t ib le  f u e l s  a nd  e n gi ne  

o i l s  t o  r ed u ce  e m i s s i o n  an d  i mp r o ve d  f ue l  e f f i c i e nc y ,  no  s uc h  ha r d war e  

ha s  be en  de ve l op ed  t o  m e as u r e  t he  v i s c os i t y  o f  o i l  t o  r e du ce  she a r  

f r i c t i on  wh i c h  ex i s t  a l m os t  in  a l l  pa r t s .  Th i s  d i re c t l y  a f f e c t s  t he  f ue l  

c o ns um pt i o n  a nd  th us  e m i s s i o n .  Ex pe r i en ce d  en g i ne e r s  a nd  sc i e n t i s t s  

t r i e d  t o  me asu re  th e  f i l m  th ic kne s s  us i n g  r e s i s t i ve  a n d  t o t a l  c a p ac i t i ve  

t ec hn i que  b u t  o n l y  w i t h  l i mi t ed  s uc ce s s .   

O u r  r e se a rc h  wa s  a im e d  t o wa r d s  t he  d e ve l op m en t  o f  a  l o ca l i zed  

c apa c i t i ve  t e ch n i q ue  to  me a su re  t h e  o i l  f i l m  t h i ck ne s s  be t we en  j ou rna l  

a n d  be a r i n g .  C i r cu i t s  we re  de ve l ope d  a nd  t e s t e d  t o  e n su r e  t ha t  th e  

s l i gh te s t  c ha n ge  wo u l d  r e g i s t e r  a  n o t ab l e  ch a n ge  i n  t he  o u t p u t  v o l t a ge  

( t he  va r i a t i on  in  c ap ac i t a nce  was  be t we en  3  x  10
- 9

 Fa r ad s  a n d  1 8  x  10
- 9

 

F a r ad s ) .  Th e  c i rc u i t  wa s  t he n  i m p le me nt ed  i n  a n  a u t om o t i ve  e n g i ne ,  

a n d  t he  r e su l t s  we r e  r ec o r d ed  t o  s uc ce s s f u l l y  c a l c u la t e  the  e cc e n t r i c i t y  

o f  t he  j ou r na l  w i t h  r e s pe c t  t o  t he  b ea r i n g .  

T he  p ro ce s s  an d  r e su l t s  o f  ou r  w o rk  a r e  e x p la i n ed  

c o mp re he n s i ve l y  in  t he  r ep o r t  c om p re he n s i v e l y .  W e  h ave  a l s o  f i l e d  a  

pa te n t  f o r  t he  d e ve l ope d  t e ch n iq ue .  
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S E CT I O N  2  

LITERATURE REVIEW 

S U B - S E C T I O N  2 . 1  

P APE R S RE V IEWE D 

F o r  t he  p u rp ose  o f  t h i s  p r o j e c t ,  3  p ape r s  wer e  t a ke n  i n t o  co n s ide ra t i on .  

D e ta i l s ,  a lo n g wi t h  t he  a b s t r ac t s  o f  t he se  pa pe r s  a r e  me n t i o ne d  be l o w:  

1 .  A  c o m pa r i so n  o f  t he  t o t a l  Ca pa c i t a nc e  an d  To ta l  Re s i s t a nc e  

Tec hn i q ue s  f o r  Mea s u r i n g  t he  T h i ck nes s  o f  J ou r na l  Be a r i n g  O i l  

F i l m s  i n  an  Op e r a t in g  En g i ne  

Be a r i n g  o i l  f i lm  th ic kne s s  (B O F T)  va l ue s  we re  de te rm in ed  

f o r  t he  f ro n t  ma in  be a r i n g  o f  a  f ou r -c y l i nd e r  e n g i ne  a t  

d i f f e re n t  en g i ne  spee ds ,  l oa d s  an d  o i l  t e m pe r a t u re s  us i n g  

t wo  d i f f e re n t  m ea su re m e nt  t ec h n i que s .  The  t o ta l  r e s i s t anc e  

t ec hn i que  a s s um e s  t he  o i l  f i lm  c an  be  m o de l l e d  a s  a  s im p l e  

o h m i c  re s i s t o r .  T he  t o t a l  c a p ac i t a nce  t e ch n i qu e  a s s um e s  t he  

o i l  f i l m  c a n  be  d esc r i be d  a s  a  s im pl e  c a pac i to r .  A  

c o mp a r i so n  o f  re s u l t s  de t e rm i ned  us i ng  b o th  m e t ho ds  f o r  a  

s e t  o f  s in g le - g r ade  o i l s  d em on s t ra te s  t h a t  a l t h ou g h  t h e  

m e t ho d s  a g re e  q uan t i t a t i ve l y  f o r  c e r t a i n  c om bi na t i on s  o f  

e n g i ne  t e s t  co n d i t i o ns  an d  o i l s ,  t he  l e ve l  o f  p re c i s i on  wi t h  a  

t o ta l  ca pa c i t anc e  t e ch n i que  i s  g re a t e r  th a n  wi t h  t he  t o ta l  

r e s i s t a n ce  t e ch n i que .  T h i s  d i f f e r enc e  i s  a t t r i b u t e d  t o  t he  

f a c t  t ha t  t he  o i l  d ie le c t r i c  co ns ta n t ,  w h ic h  i s  ne e d ed  f o r  

c a l cu la t i n g  B O FT va l ues  i n  t he  t o t a l  c ap ac i t an ce  me t h o d  

c an  be  m ea su re d  m o r e  p re c i s e l y  th an  th e  o i l  c o nd uc t i v i t y  

w h i ch  i s  ne e ded  in  t he  t o t a l  r e s i s t anc e  me th od .  Of  t he  tw o  

m e t ho d s  t he  t o t a l  c a p ac i t a nce  t ec hn i q u e  i s  su pe r i o r  f o r  

m ea s u r i n g  be a r in g  o i l  f i lm  t h i ck ne ss  i n  an  o pe r a t i n g  en g in e .   

 

2 .  O i l  F i lm  Th ic kne s s  i n  En gi ne  C o nn ec t i n g  R od  Be a r i n g  wi th  

c o ns i de r a t i o n  o f  Th e r ma l  E f f e c t s  
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T he  a i m  o f  t h i s  pa pe r  i s  t o  s t u d y  the  t he r ma l  e f f e c t s  o n  

m in i m um  o i l  f i lm  t h i c kn es s  i n  a  co n ne c t in g  r o d  be a r i n g .  

T h i s  me th od  i nc orp o ra te d  t he  t o t a l  c a pa c i t i v e  t e ch n iq ue  

r e co rde d  in  t he  p r e v i o u s l y  m en t i o ne d  pa pe r .  The  r e su l t s  

w e re  a na l yze d  w i t h  re spe c t  to  c ha n ge s  in  t e mpe ra tu re ,  

w h i ch  i s  n o t  c o ve re d  in  t h e  s co p e  o f  ou r  p r o j e c t .  T he  

M i n im u m  Oi l  F i lm  T h i ckn e s s  ( MOF T)  o ve r  a n  e n g i ne  cy c l e  

e s t i ma te d  wi t h  c o ns i de r a t i o n  o f  t h e r m a l  e f f e c t s  i s  c lo se r  t o  

t ha t  me a su re s  t ha n  t ha t  e s t im a te d  b y  u s i n g  t he  i so - v i sc o us  

l ub r i c a t io n  t he o r y .  

 

S U B - S E C T I O N  2 . 2  

C O MM E NT S 

T he  c i r cu i t s  m e n t i one d  i n  bo th  t he  p ape rs  ab o ve  we re  f i r s t  i nc o r po ra te d  

i n  o u r  p r o j e c t .  H o we ve r ,  s i nc e  ou r  me th od o l o gy  i nc o rp o r a t ed  a  

l oca l i zed  m e th o d ,  t he  re ad i n g s  o f  t h e  vo l t a ges  we r e  t oo  s m a l l  f o r  t he  

c i rc u i t  r e su l t i n g  i n  t h e  ca pa c i t o r s  ge t t in g  s a t u ra te d .   

S u b se que n t l y ,  we  ha d  t o  de ve l o p  a  ne w  c i r cu i t  w h i ch  en ab l e d  u s  to  

r e co rd  ca pa c i t a nc e  f ro m  3 . 5  t o  2 0  P ic o - f a ra d s .  T he  de ve lo pme n t  a n d  

i mpl e me nt a t io n  o f  t h i s  c i rc u i t  i s  d i s c us sed  l a t e r  in  t h i s  r ep o r t .  
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S E CT I O N  3  

INTRODUCTION & THEORY 

S U B - S E C T I O N  3 . 1  

C O MP A RIS O N  BE TW E EN  CA PA C ITI VE  A N D R E S I ST IVE 

M ET H O D S  

A c cu r a t e  m ea s u re me n t s  o f  t he  o i l  f i l m  t h ic k ne s s  i n  a  j o u rn a l  b ea r i n g  o f  

a n  o pe ra t i n g  e n g in e  ha ve  be en  t h e  g oa l  o f  bea r i n g  e n g i ne e rs  f o r  ma n y 

ye a r s .  Be ca u se  o f  d i f f i c u l t y  i n  m ea s ur i n g  s uch  sma l l ,  r ap i d l y  c ha n g i n g 

d i me n s i on s ,  n u me ro us  d i f f e r e n t  e xpe r i me n t a l  t ec h n i que s  ha ve  be en  

p r o p ose d  t o  a cc om p l i s h  th i s  o b j e c t i ve .  Ma n y  o f  t he se  p r o p osa l s  ha ve  

i nc l u d ed  t he  u se  o f  d i s c re te  p ro be s  o r  t r a ns du ce rs  l oc a t e d  a t  va r i o us  

p o i n t s  a r o u nd  t he  c i r cu m f e re nc e  o f  t he  b e a r in g .  The se  p r obe s  h a ve  be e n  

de s i g ne d  t o  m ea s ur e  d i f f e r e n t  p h ys i ca l  q ua n t i t i e s  w h i ch  c han ge  wi t h  

t he  d i me n s i ons  o f  t h e  o i l  f i l m ,  suc h  a s  ca pa c i t anc e ,  ma gn e t i c  f i e ld s ,  

i nd uc t anc e  an d  e d d y  c u r re n t s .  In  t he  pa s t  tw o  t e c h n i que s  wer e  

de ve l o ped  t o  m ea sur e  o i l  f i l m  t h i ck nes s .  

 

T o t a l  Ca p a c i t i ve  M e t ho d 

C r a i g ,  K i n g  an d  Ap pe l do o r n ,  a nd  Gi r s h i c k  a nd  C ra i g  de sc r ib e d  

t he  me t h od  whic h  a s s um es  t he  e n t i r e  o i l  f i l m  a s  a  ca pa c i to r .  B y  

p r o pe r l y  i ns u la t i ng  t he  b ea r i n g  a n d  a s su mi n g  i t  t o  be  c i rc u la r ,  t he  

m in i m um  o i l  f i l m  t h i ck nes s  i n  t he  be a r in g  a t  a n y  p o in t  i n  t i me  c a n  be  

c a l cu la te d  f r om  a  c a p ac i t a nce  m ea s u re me nt .  Th i s  t ec hn i que  wa s  

r e f e r re d  a s  t o ta l  c apac i t a nc e  t e c h n i q ue .  

D r aw bac k s :  

•  Me a su r es  o n l y  m i n i m u m o i l  f i l m  t h ic kne s s  (M O FT)  

•  D oe s  n o t  p r o vi de  t he  va r i a nc e  

•  I n ac cu ra t e  r ea d i n gs  
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T o t a l  Re s i s t i ve  Te c h ni q u e  

I n  a n  i nde pen de n t  e f f o r t ,  S pe a r o t ,  M u rp h y  an d  Ro se n be r g  

m ea s u re d  th e  e le c t r i ca l  r e s i s t a nc e  o f  t he  o i l  f i l m  t o  de te r m in e  t he  

m in i m um  o i l  f i lm  t h i c k ne s s .  Th i s  me t h o d  was  re f e r red  t o  a s  to ta l  

r e s i s t i v e  t e c hn i q ue .  Th i s  t ec hn i q ue  i s  a  va r i a t io n  o f  t he  t e c hn iq ue  

o r i g i na l l y  p r op osed  b y  B ass o l i  e t  a l .  T h i s  m e t h od  w a s  use d  to  

de te r m in e  th ose  rhe o l o gi ca l  p ro pe r t i e s  o f  e n gi n e  o i l s  wh ic h  e f f ec t  

be a r i n g  o i l  f i lm  t h i ck ne s s  

D r aw bac k s :  

•  H i g he r  rea c t i on  t i m e  

•  D oe s  n o t  p r o vi de  f o r  t he  va r i a n ce  

 

I n  t he  a bo v e  t wo  m e t ho d s  f o r  m e asu r in g  o i l  f i l m  t h i ck ne s s  i n  

o p e ra t i n g  j o u rna l  b ea r i n gs ,  th e re  i s  n o  re qu i re me n t  f o r  p l a c i n g  a n y 

c o mp le x  e le c t r i ca l  t r a n sd uc e r s  w hic h  a re  su sce p t i b l e  t o  f a i l u r e  wi t h i n  

t he  e n g in e .  H o we ve r ,  s om e  o f  t h e  o ld  p ro b l em s  suc h  a s  t e m pe ra t u re  

e f f e c t s  o n  t h e  e l ec t r i c a l  p r o pe r t i e s  o f  t h e  o i l s  m a y  s t i l l  be  s i gn i f i ca n t .  

I n  ad d i t i o n ,  s om e  ne w  q ue s t i o n s  ha ve  to  be  a d d re s se d  s uc h  a s  wha t  

ha ppe ns  t o  e i t h e r  t h e  o i l  f i l m  ca pa c i t a nc e  o r  re s i s t anc e  s i g na l  w h en  

c a v i t a t i o n s  oc cu r  w i t h i n  a  po r t i o n  o f  t he  be a r i n g  f i lm .  F u r t he r m o re ,  

t he r e  ha s  n e ve r  be en  a n  e f f o r t  t o  de te r m ine  wh e t he r  a n y  o f  t he se  

m ea s u re me n t  t ec hn i q u es  p ro v i de  eq u i va l en t  va l ue s  f o r  o i l  f i l m  

t h ic k n es s  whe n  use d  i n  t he  s am e  en g i n e  be a r i n g  o pe ra t i n g  a t  f i x ed  

c o nd i t i on s  o n  pa r t i cu la r  o i l .  
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S U B - S E C T I O N  3 . 2  

TH EO RY B E HI N D C A PA CI TI VE M ETH O D S 

I n  t he  c a p ac i t i ve  me t h o ds ,  th e  s h a f t  a n d  t he  be a r in g  a r e  m a de  t o  

a c t  a s  t wo  e nd s  o f  a  ca pa c i to r .  T h i s  ca pa c i t o r  i s  t he n  i nc o rp o ra te d  in  a  

c i rc u i t  wh ic h  t he n  g i ve s  a  va r i a t i on  i n  ou t p u t  v o l t a ge  in  r e s p o nse  t o  a  

va r i a t io n  in  c ap ac i t a nce .  

T he  c ap ac i t a nce  va r i e s  base d  o n  t he  t wo  f o l l o win g  g o ve rn i n g  

f o r m u la e :  

�  ∝  
�

��
   ( E q .  1 )  

W he r e  C  i s  t he  Ca pa c i t anc e  o f  t he  c i r c u i t  an d  ‘d ’  i s  t he  pe rpe n d ic u l a r  

d i s t a nc e  be t we e n  the  t wo  p l a te s ;  

 

�  ∝  �
�   ( E q .  2 )  

W he r e  ‘C ’  i s  t h e  Ca pa c i t a nc e  o f  t he  c i rc u i t  an d  ‘ A ’  i s  t he  A r ea  o f  a  

p l a t e ;  i n  c a se  o f  a  d i f f e re nc e  i n  t he  a re as  o f  t he  t wo  p l a t e s ,  t he  a re a  o f  

t he  sm a l le r  p l a t e  i s  to  be  co ns i d e re d .  

 

S U B - S E C T I O N  3 . 3  

R E A SO NING  BEH I N D L O CA LI ZE D C A P ACIT IVE MET H O D S  

 Re sea rc h  t i l l  n o w h as  b ee n  c on d uc t e d  wi th  To t a l  C ap ac i t i ve  

Me t h o d s .  In  su c h  case s ,  t he  c ha n ge  i n  t h e  to ta l  c ap ac i t a n ce  be t wee n  t he  

be a r i n g  an d  s ha f t  i s  m ea s u re d .  T h i s  me t h o d  ho we ve r  p red ic t s  o n l y  t he  

va r i a t io n  i n  ca pa c i t a nc e  o f  t h e  o i l  and  f a i l s  t o  p re d i c t  t he  be ha v i o ur  o f  

a  sha f t  un de r  va r y i n g  c o nd i t i o n s .  S u bse que n t l y ,  t he  e c ce n t r i c i t y  ca nno t  

be  s i m u l a t ed  f o r  de ta i l e d  ana l y s i s  o f  the  l ub r ic a n t .  

I n  Lo c a l i zed  C apa c i t i ve  Me t ho d s ,  i n s te ad  o f  t he  e n t i r e  o r  h a l f  t he  

be a r i n g  be i n g  cha rg e d ,   sma l l  p o i n t s  w i t h i n  t he  be a r in g  a re  c ha r ge d ,  a t  

k n o w n a n g le s  t o  one  a no t he r .  The se  po i n t s  a re  i so l a t ed  f r o m t he  re s t  o f  
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t he  be a r in g  t o  p re ven t  lo s s  o f  c ha r ge  t o  su r r ou nd i n gs .  The  va r i a t i on  i n  

c a pac i t a nc e  a t  e ac h  p o i n t  i s  r e c or de d  se pa ra te l y ,  g i v i n g  m u l t i p l e  u n iq u e  

v a l ue s  o f  t he  c ap ac i t a nc e  a t  d i f f e r en t  po i n t s  a t  th e  s am e  t im e .  

S u b seq ue n t  a na l y s i s  o f  t he  da ta  t h ro u gh  da t a  a cq u i s i t i on  s o f t war e  a nd  

h a r d wa r e  c a n  a l l o w  u s  t o  p r ed ic t  w i t h  r ea so na b l e  ac c u ra c y  th e  

b e ha v i o ur  o f  th e  s ha f t  i n  t h e  be a r i n g .  

I n  o u r  re se a rc h ,  we  i nc o rp o ra t e d  2  suc h  p o i n t s  i n  t he  b i g  e n d  

b ea r i n g  o f  t h e  c o nne c t i n g  ro d .  B o t h  t hese  p o i n t s  we re  a t  1 8 0  d e gr ee s  t o  

o ne  an o th e r  –  t h i s  p r o v i de d  us  a  me an s  t o  v i s ua l l y  a s se s s  th e  ac cu rac y 

o f  t he  da ta .  

 

S U B - S E C T I O N  3 . 4  

T H EO RY BE H I N D IM PL EM E NTE D C I R CU IT 

T he  c i r cu i t  c an  be  sp l i t  i n to  3  s e pa ra te  p a r t s ;  a  d e t a i l e d  

d i s c us s io n  o f  ea c h  pa r t  i s  g i ve n  be l o w.  Th e  c om p le t e  c i rc u i t  i s  a t t a che d  

a s  Ap pe nd i x  A .  

1 .  C a p ac i t o r  

T h i s  pa r t  o f  th e  c i r cu i t  i s  l i nke d  t o  the  e x t e r n a l  be a r i n g ,  o ve r  

w h ic h  th e  va r i a t io n  o f  t he  o i l  f i l m  ha s  to  b e  m ea s ure d .   

 

2 .  D i f f e re n t i a t o r   

T h i s  pa r t  o f  t he  c i rc u i t  c on ve r t s  th e  s a w -

t oo t h  v o l t a ge  i n t o  s q u a re - wa ve  f o rm .  Th i s  

s u b seq uen t l y  a l l o ws  u s  t o  d i g i t i ze  t he  da t a  a n d  

h e n ce  i nc re ase  th e  ac c u ra c y  o f  th e  o u t p u t .  

 

 

 Fig 1  Differentiator Circuit 
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3 .  F i l t e r s  

I n  o u r  c i r c u i t ,  a  Tw o - Pa s s  f i l t e r  ha s  b ee n  i n co r po ra t ed .  Th i s  

a l l o ws  u s  t o  re mov e  t he  u n ne ce s sa r y  n o i se  i n  th e  c i rc u i t  a nd  

h e n ce  sm o ot he n  t he  c u r ve .  Th i s  me th o d  has  be e n  su gg es t e d  b y  

f o r  t he  s a me  p urp ose  Cha o - Y u  Ch en  e t  a l .  
1
a l l ow s  u s  t o  

a c h ie ve  ou r  re qu i re m e n t  o f  re m o vi n g t he  n o i se .  

 

 

 

S U B - S E C T I O N  3 . 5  

I S S UE S  F AC E D 

T he  p r o j ec t  co mm en ce d  i n  Ju ne  20 1 2 ,  w i th  l i t e ra t u re  re vi e w 

t h ro u gho u t  t he  s um m e r  b re a k .  A l t h ou g h  we  we re  l a r ge l y  a b l e  t o  m ee t  

o u r  goa l s ,  we  e nc ou n te re d  p r ob le ms  a t  2  p o i n t s  d u r i n g  t he  p ro j e c t :  

 

1 .  D u r i n g  th e  p r o of  o f  c o n ce p t  p ha se ,  we  f a ce d  so me  d i f f i c u l t y  

i n  ac h i e v i n g  t he  mi r ro r  f i n i sh  e s se n t i a l  t o  en s u r i n g  t ha t  t h e  

s u r f ac es  i n  c on s i de r a t i on  be ha ve d  l i ke  a  c ap ac i t o r .  I t  m us t  b e  

ke p t  i n  mi n d  t ha t  s i nc e  t he  va r i a t i o n  in  d i s t a nc e  i s  o n l y  u p  t o  

4 0  P ic o -m e te rs ,  m in o r  r o u gh ne ss  ca n  l e a d  t o  a  d i re c t  f low  o f  

ch a r ge  be t wee n  the  t w o  p l a te s  l e ad i n g  t o  th e  a s se m b l y  f a i l i n g  

t o  a c t  l ike  a  c ap ac i t o r .  

                                                             
1
 Chen, Chao-Yu et al. (IEEE) (2009) A Two-Pass Filter for Impulse Noise Reduction Based on Edge 

Characteristics. Fifth International Conference on Intelligent Information Hiding  and Multimedia Signal 

Processing 

Fig 2  Filters 
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2 .  Du e  to  t he  sma l l  ma gn i tu de  o f  th e  ch a n g in g  va r i a t i o n ,  a nd  

t he  abse nc e  o f  a n y  l i t e ra t u re  t o  re c or d  suc h  sm a l l  c ha n ge s ,  

we  f ac e d  s o me  p r o b l em s .  Th i s  wa s  s o l ve d  t h r o u gh  t he  

de v e l opm e n t  o f  c i r cu i t s  w i t h  t he  he l p  o f  D r .  Na be e l  An wa r  

an d  t he  s ub se q ue n t  t e s t i n g  o f  th o se  c i r cu i t s  t o  f i na l l y  re a ch  

o ne  w h ic h  be s t  su i t e d  o u r  re q u i re m e n t s .  

 

H o we ve r ,  f o r  b o t h  t he se  ca ses ,  we  we re  a b l e  t o  so l ve  t he  

p r o b l em s  w i t h in  t he  b uf f e r  t im e  pe r i od  we  h ad  ke p t  f o r  t he  p r o j ec t .  
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S E CT I O N  4  

METHODOLGY 

T he  p ro j ec t  wa s  d i v i ded  in t o  t w o  ph a se s ,  b o t h  o f  w h ic h  ha ve  be en  

d i s c u s se d  i n d i v id ua l l y  be l ow :  

1 .  P h a se  I  –  P ro o f  o f  C on ce p t  

2 .  P h a se  I I  –  I mpl e men t a t i o n  i n  En g i ne  

T hese  t wo  p h ase s  h a ve  be e n  d i s c us sed  b e l o w in d i v id u a l l y :  

 

S U B - S E C T I O N  4 . 1  

P H AS E  I  –  P R O O F  O F  C O N C E P T  

T hi s  p h ase  r eq u i red  us  t o  p r o ve  t h e  f u n c t i o na l i t y  o f  t he  sy s te m 

be f o r e  i n s t a l l i n g  i t  i n  a n  en g i n e .  Fo r  t h i s  pu rpo se ,  we  e mp l o ye d  t he  

f o l l o wi n g eq u i p me n t  

•  M i cr o me te r  Sc r e w G au ge  

•  A l u mi n i u m  a nd  S t a i n l e s s  S te e l  p ro bes  

•  S t a i n l e s s  S te e l  an d  Al um in i u m w i r e s  (3  m i l l i m e t re s  d ia me t e r )  

•  A c r y l i c  ( ma c h in ed  t o  spe c i f i ca t i o ns )  

•  Re s i s t o r s ,  Ca pa c i t o r s ,  an d  I Cs  b a se d  o n  t he  c i rc u i t  

r e q u i re me n t s  

 

T he  p r oc es s  was  ca r r i e d  o u t  in  t he  f o l l o w i n g m a nn e r :  

1 .  A c r y l i c  wa s  m ac h i ne d  to  th e  d i me n s i o ns  sp ec i f i e d  in  App e nd ix  E .  

T h i s  m ac h i ne d  p ro d u c t  h a d  on e  ho l e  i n  w hi ch  t he  a l u mi n i um  

p r o be  wa s  p re s se d - f i t  i n .  The  o t he r  was  su pp osed  t o  be  p re s se d  f i t  

o n  t o  t h e  e nd  o f  t he  sp i n d le  o f  th e  mi c rom e t e r  s c re w gau ge .  
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2 .  S i m i la r l y ,  a no t he r  a c r y l i c  was  m a ch i ne d  t o  t he  d i m e ns i ons  

s pe c i f i ed  i n  A pp en d ix  E ,  a n d  t h i s  ma c h in e d  p r o d uc t  ha d  o n e  h o l e  

i n  wh ic h  t he  s t a i n l e s s  s t e e l  p ro be  wa s  p re s se d  f i t  i n .  T he  o th e r  

h o le  o f  t he  ac r y l i c  w as  su pp ose d  to  be  p r e s se d  f i t  on  t o  t he  a n v i l  

o f  t he  m i c r o me te r  s c r ew ga u ge .  

3 .  H o l es  o f  a  d ia me te r  o f  1  m i l l i m e t re  we re  d r i l l e d  in  t o  th e  s id e s  o f  

t he  ac r y l i c  t o wa r d s  th e  m e t a l .  W i r e s  w e re  t he n  i ns t a l l e d  t h r o u gh  

t hese  h o l e s  s uc h  th a t  th e y  c o u l d  e x t r a c t  c ha r ge  t o  a n d  f r o m  t he  

m e t a l / ac r y l i c  su r f ac e .  

4 .  T he  s u r f ac e s  c on t a i n i n g  t he  p ro b es  w er e  f l us he d  t o  a  s u r f ac e  

f i n i s h  i n  m i c r o -m e t e r s .  Th i s  ga ve  us  a  mi r ro r  f in i s h ,  a l l ow i n g  th e  

a c r y l i c  an d  me t a l s  t o  ha ve  su r f a c es  t ha t  we re  f l a t  a n d  l ev e l  w i t h  

o n e  an o t he r .  

5 .  T hese  ac r y l i c s  we r e  th e n  i ns t a l l e d  o n  t o  th e  m ic ro me t e r .  

6 .  T he  wi re s  we r e  t he n  f i r s t  c on ne c t e d  t o  a  LC R  c i rc u i t  to  me as u re  

t he  ca pa c i t a nc e  be t we en  t h e  t wo  p la te s  (a n d  su bse q ue n t l y  t o  a  

c i rc u i t  to  m ea s u re  c han ge  i n  vo l t a ge ,  de ve lo pm e nt  o f  w h i ch  i s  

d i s c u s se d  l a t e r  o n  in  t h i s  s e c t i o n ) .  

7 .  T he  d i s t a nc e  be t we e n  t he  t wo  p l a t e s  wa s  t he n  va r i e d  f ro m  a  

d i s t a nc e  o f  0  m e t e r s  t o  4 0  m i c ro -me t e r s  a n d  t he  c ha n ge s  i n  va l ue  

i n  the  ca pa c i t a nc e  ( an d  vo l t a ge )  we re  t he n  re c o rde d )  

 

S i m ul t ane ous l y  a  c i rc u i t ,  t o  c o n ve r t  t he  ca pa c i t a nc e  i n t o  m ea su ra b l e  

vo l t a ge  wa s  d e ve l o pe d .  Th i s  c i rc u i t  w a s  de v e l ope d  a f t e r  d e t a i l ed  

l i t e r a t u re  re v ie w,  w h i c h  i t s e l f  y i e l de d  i n  n o  s u i t ab l e  op t i on s  t o  me as ur e  

t he  va r i an ce  i n  ca pa c i t a nc e  whi c h  wa s  f ro m  3 . 5  P i c o - Fa rad s  t o  19  P ic o -

F a r ad s .  

T he  de ta i l e d  t he o ry  b e h in d  t h i s  c i rc u i t  i s  d i s c u s sed  i n  S e c t i o n  3 ,  

S u b - Sec t i on  3 . 3 ,  wh i le  the  c i rc u i t  d r aw i n g i s  s ho wn  i n  Ap pe n d i x  A .  
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T he  sa me  s ys te m  d e t a i l ed  a b o ve  wa s  n o w  con nec t ed  t o  t h e  c i r cu i t ,  

w h i ch  we  ha d  d e ve l ope d  o n  a  b r ea db o a r d .  St e p s  1  t h ro ugh  5  re ma in ed  

t he  sa m e ,  w he re as  i n  S t ep  6 ,  t h e  LC R  me te r  wa s  d i s co n ne c t ed  an d  t he  

c i rc u i t  de ve lo pe d  wa s  co n ne c t ed .  

 

S U B - S E C T I O N  4 . 2  

P H AS E  I I  –  I N S T A L L A T I O N  I N E N G IN E  C O M P O N E NT S  

F o r  t he  s ec on d  p hase  o f  th e  p r o j ec t ,  t he  s y s te m  wa s  t e s t e d  t h ro u gh  

f o r  i t s  f unc t io n a l i t y  on  t he  c om p o n en t s  o f  a n  a c t ua l  e n gi ne .  

C o m po nen t s  o f  a  ‘ S u zu k i  Me h ra n’  e n g i ne  we re  p r o cu r e d  –  t he se  

c o mp one n t s  i nc l ud ed  a  c on ne c t i n g  r od ,  a  c ran k sha f t  a nd  s u i t a b l e  s e t s  o f  

be a r i n g s .  

D e ta i l e d  s eq u en ce  re g a r d i n g  t h e  e xe c u t i on  o f  t h i s  p ha se  i s  a s  

m e n t i one d  be lo w:  

1 .  T wo  p r obe s  we re  i n s t a l l e d  in  t he  b i g  e n d  o f  th e  c o n ne c t in g  r o d  o f  

t he  be a r i n g  ( d ia g ra m  a t t ac he d ) .  B o t h  o f  t he se  we r e  in s t a l l e d  a t  

1 8 0  de gr ee s  t o  o ne  a n o th e r  –  th i s  a l lo we d  u s  t o  i de n t i f y ,  w i t h  

r e s pe c t  t o  o ne  an o t he r ,  whe t he r  the  o u tp u t  re su l t s  a re  re a l i s t i c  o r  

n o t .  Th e  a lum i n i u m  p r o be s  o f  d i am e te r  3  m i l l i me t re s ,  we re  

d r i l l e d  i n t o  t h e  b ea r i n g ,  an d  l a t e r  f lu she d  wi t h  t he  s u r f a ce  f o r  a  

s m o ot h  f i n i sh .  Th e  A l u m in i um  was  e l ec t r i c a l l y  i s o la t e d  f rom  t he  

r e s t  o f  t he  be a r in g  a n d  a t t ac he d  t o  t he  c i rc u i t .  A lum i n i u m  su r f ac e  

a c t ed  a s  o ne  e n d  o f  t he  ca pa c i t o r ,  w he rea s  t he  (c h a r g ed )  s u r f ac e  

o f  t he  sh a f t  ac t ed  a s  t he  o th e r  e nd .  

2 .  T he  sha f t  a n d  t he  a l u mi n i um,  wa s  c o n ne c t e d  t o  a  P r in te d  C i rc u i t  

B o a r d  ( P CB ) ,  m a d e  a l o n g  t he  s am e  l in es  a s  t he  c i r cu i t  we  ha d  

e a r l i e r  de ve l o pe d .  

3 .  A  sa w - t o o t h  wa ve  i s  g i ve n  a s  i n p u t  t o  the  c i rc u i t .  The  

d i f f e re n t i a t i n g  pa r t  o f  th e  c i rcu i t  co n ve r t s  t h e  s a w - t oo t h  wa ve  

i n t o  a  sq ua re  wa ve .  F ur t he r  f i l t e r s  a r e  e m p lo ye d  to  r e m o ve  
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r i pp l e s  f rom  t he  o u t p u t  ( sh ow n  in  Ap pe n d i x  A ) .  T he  ca pa c i t a nc e  

i s  t he re f o re  qua n t i f i e d  a s  an  a na lo gue  v o l t a ge  s i gna l .  

4 .  T hi s  ou t p u t  i s  t h en  e n te re d  in to  t he  Na t i o na l  I n s t ru me n t s ’  U S B 

6 0 0 9  (o the r  d a t a  a c q u i s i t i o n  ha rd wa r e  ma y  a l so  b e  u se d ) ,  a nd  

s ub se q ue n t l y  f e d  i n t o  Na t i on a l  In s t ru m e nt s ’  Lab V I EW  s of t wa r e  

( a l t e rna t i ve s  m a y  a l so  be  u sed ) .  The  so f t wa r e  th e n  t ak es  t he  da t a ,  

a n d  a ve r a ge s  i t  o u t  s o  a s  t o  g i ve  p r ope r  va r i a t io n  i n  vo l t a ge  ba se d  

o n  the  va r i a t io n  i n  ca pa c i t a nc e ,  w h ic h  i s  i n  r e su l t  to  t he  c h an ge  

i n  d i s t a nce  be t we en  t he  b ea r i n g  an d  th e  s ha f t .   

5 .  T he  ad d i t i o n  o f  m or e  p ro be s  i s  e m pl o ye d  f o r  i nc r ea se d  a cc u ra c y ,  

b u t  a l s o  t o  f in d  o u t  e cc e n t r i c i t y  o f  t he  s ha f t  f ro m  t he  be a r i n g .  Fo r  

s a i d  pu rp ose ,  t he  o u t pu t s  f r om  a l l  th e  p ro be s  a re  f e d  i n t o  t he  

s a m e  so f t wa re .  Af te r  s e pa r a t e l y  a ve r a g i n g  ea ch  o th e r  o u t ,  t he  

r e s u l t s  a re  f e d  i n t o  a n  e q ua t i on  w hi ch  ca lc u l a t e s  th e  e cce n t r i c i t y  

ba sed  o n  the  an g le s  be t we en  t he  p r obe s .  
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S E CT I O N  5  

EXPERIMENTS UNDERTAKEN 

F o u r  e xp e r i m en t s  w ere  u nde r t a k en  i n  th e  f o l l o wi n g o rd e r  

P h a se  I  

1 .  I n  o r de r  to  i de n t i f y  t h e  re la t i on sh ip  be t we e n  t he  c ap ac i t a nce  a n d  

t he  d i s t a nc e  be tw e en  t w o  p a ra l l e l  p l a t e s  ( Al um in i u m  a nd  

S t a i n l e s s  S t e e l ) ,  m ac h i ne d  ac r y l i c  wa s  i ns t a l l e d  o n  t he  

m ic r om e t e r  a n d  c o n n ec te d  t o  a  LCR  Me te r  (a s  de sc r i be d  i n  

S e c t i o n  4  –  P hase  I ) ,  a n d  t he  d i s t a n ce  w e re  a d j us te d  f ro m  z e ro  to  

4 0  mi c r o -m e t e r s .  The  s ub se q ue n t  ca pa c i t a nc e  wa s  t h en  rec o r ded .  

( R es u l t s  i n  Sec t i on  6 . 1 )  

2 .  I n  o r de r  t o  i n de n t i f y  t h e  re l a t io n sh i p  b e t wee n  t h e  ca pa c i t a nc e  a nd  

t he  ou t pu t  vo l t a ge ,  t he  m ac h i ne d  ac ry l i c  was  t h en  c onne c t e d  to  

t he  c i rc u i t  ( Ap pe nd i x  A ) .  The  c ha n ges  in  t he  ou t p u t  v o l t a ge  we r e  

t hen  r ec o rd ed  v i a  a  d i g i t a l  o sc i l lo sco p e .  (Re s u l t s  in  Se c t i o n  6 . 2 )  

3 .  I n  o rd e r  t o  i n de n t i f y  t he  re l a t io ns h i p  b e t wee n  the  d i s t an ce  a nd  

t he  ou t pu t  vo l t a ge ,  t he  m a ch i ne d  ac ry l i c  was  t h en  c onne c t e d  to  

t he  c i rc u i t  ( Ap pe nd i x  A ) .  The  c ha n ges  in  t he  ou t p u t  v o l t a ge  we r e  

t hen  re c o rde d  v ia  a  d i g i t a l  o sc i l l o sc o pe .  (Re s u l t s  in  Sec t io n  6 . 3 ) .  

t h i s  s e r ve d  a s  t he  s t a n da r d  c a l ib ra t i o n  ba sed  o n  whi ch  f u t u r e  

r e s u l t s  we r e  to  b e  exa mi ne d .  

 

P h a s e  I I  

4 .  I n  o r d e r  t o  t e s t  t h e  f u n c t i o n a l i t y  o f  t h e  s y s t e m ,  t h e  s y s t em  w a s  

i n s t a l l ed  o n  a  co n n e c t i n g  r o d  an d  t h e  c r a n k s h a f t .  S u b s eq u e n t l y ,  t h e  

s y s t e m  w a s  s u b j e c t ed  t o  d yn am i c  c o n d i t i o n s  a n d  t h e  o u t p u t  w a s  

a n a l y z e d .  T h e  c i r cu i t  w a s  c o n n ec t e d  t o  D A Q  h a r d w ar e  ( N at i o n a l  

I n s t r u m en t s ’  U S B  6 0 0 9  i n  t h i s  c a s e )  a n d  a f t e r  p r o c e s s i n g  t h e  o u t p u t  

v i a  a  s o f t w a r e  ( N a t i o n a l  In s t r u m e n t s ’  L a b V I E W S o f t w a r e  i n  t h i s  
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c a s e ) ,  t h e  r e s u l t s  w e r e  ex p o r t ed  t o  a  Mi c r o s o f t  Of f i c e  E x ce l  S h e e t  a n d  

a n a l y z e d .  ( R e s u l t s  i n  6 . 4 )  

 

T h e  e x p er i m en t s  m e n t i o n ed  w er e  c a r r i e d  o u t  a t  d i f f e r en t  t i m es  a n d  u n d e r  

d i f f e r en t  co n d i t i o n s  t o  ch e c k  r e p r o d u c i b i l i t y  an d  r e v e r s i b i l i t y .  
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S E CT I O N  6  

RESULTS 

S U B - S E C T I O N  6 . 1  

I n  l i ne  wi t h  t he  e x p e r i m e n t  h i g h l i gh t e d  i n  5 . 2 ,  t he  r e s u l t s  a r e  a s  

f o l l o w s :  

D i s t a nc e  

( Mi c ro m e t er s )  

Mi n i m u m 

C a p a c i ta nc e  

( pF )  

M a xi mu m 

C a p a c i ta nc e  

( pF )  

Av er age  

C a p a c i ta nc e  

( pF )  

0  O ve r  O ve r  O ve r  

5  1 7 .5  1 9 .1  1 8 .3  

1 0  1 0 .9  1 2 .2  1 1 . 5 5  

1 5  7 . 2  8 . 4  7 . 8  

2 0  5 . 5  6 . 7  6 . 1  

2 5  4 . 8  5 . 1  4 . 95  

3 0  3 . 7  5  4 . 35  

3 5  3 . 4  4 . 4  3 . 9  

4 0  3 . 3  4  3 . 65  

 

 

Tab 1  Relationship between Distance & Capacitance 
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S U B - S E C T I O N  6 . 2  

I n  l i ne  wi t h  th e  e x pe r im e n t  h i gh l i gh t ed  i n  5 . 1 ,  t he  r e s u l t s  a r e  a s  

f o l l o w s :  

I n p u t s  

f  =  1 0  k H z 

V i n  =  5 . 4 5  V  

V C C  =  1 5 . 5  V  

- V C C  =  - 15 .5 V 

 

Ca p ac i ta nce  

( p F)  

Mi n i m u m V o u t  

( V )  

M a x i mu m  V o u t  

( V )  

A ve r a ge  V o u t  

( V )  

4 . 2 7  7 . 5 6  7 . 62  7 . 59  

4 . 7 0  7 . 4 4  7 . 52  7 . 48  

5 . 2 2  7 . 3 2  7 . 41  7 . 36 5  

5 . 8 8  7 . 2 5  7 . 31  7 . 28  

6 . 7 1  7 . 0 5  7 . 19  7 . 12  

7 . 8 3  6 . 9 3  7 . 04  6 . 98 5  

9 . 4 0  6 . 7 7  6 . 92  6 . 84 5  

1 1 .7 5  6 . 5 3  6 . 83  6 . 68  
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Tab 2  Relationship between Capacitance & Voltage 

Fig 3  Relationship between Distance & Capacitance 
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S U B - S E C T I O N  6 . 3  

I n  l i ne  wi t h  t he  e xpe r i me n t  h i g h l i gh te d  i n  5 . 3 ,  th e  l o gge d  da ta  g a v e  th e  

f o l l o wi n g re s u l t s :  

 

D is t a nc e  

( mi cr o me te rs )  

V o u t  

R e a d i ng  1  

V o u t  

R e a d i ng  2  

V o u t  

R e a d i ng  3  

1 0  3 . 1  3 . 09  3 . 09  

2 0  1 . 7 5  1 . 7 4 8  1 . 75  

3 0  1 . 6 9 7  1 . 70  1 . 69 8  

4 0  1 . 6 8  1 . 67  1 . 67  
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Tab 3  Relationship between Distance & Voltage 

Fig 4  Relationship between Capacitance & Voltage 
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S U B - S E C T I O N  6 . 4  

I n  l i ne  wi t h  t he  e x p e r i m e n t  h i gh l i gh t ed  i n  5 .4 ,  t he  co n ne c t in g  was  

r o ta t ed  o v e r  3 60  de gr e e s ,  a nd  t h e  re s u l t s  r e co r de d  we r e  a s  u n de r :  

 

A n g l e  Pr o be  1  Pr o be  2  

0  1 . 8 6 8  3 . 12  

1 3 . 3 3  1 . 8 7 3  3 . 12  

2 6 . 6 6  1 . 8 8 5  3 . 12  

3 9 . 9 9  1 . 9 3 3  3 . 06 5  

5 3 . 3 2  1 . 9 6 7  3 . 10 1  

6 6 . 6 5  1 . 99  3 . 08 3  

7 9 . 9 8  2 . 0 1 4  3 . 07 6  

9 3 . 3 1  2  3 . 11 7  

1 0 6 . 64  2 . 0 4 2  3 . 07 6  

1 1 9 . 97  2 . 0 7 2  3 . 05 8  

1 3 3 . 3  2 . 0 7 9  3 . 00 5  

1 4 6 . 63  2 . 1 3 5  2 . 85 7  

1 5 9 . 96  2 . 1 9 4  2 . 78 6  

1 7 3 . 29  2 . 2 3 4  2 . 78 3  
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Fig 5  Relationship between Distance & Voltage 
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1 8 6 . 62  2 . 25 5  2 . 85  

1 9 9 . 95  2 . 27 8  2 . 87 3  

2 1 3 . 28  2 . 30 5  2 . 87 7  

2 2 6 . 61  2 . 32 5  2 . 89 6  

2 3 9 . 94  2 . 31 7  2 . 9  

2 5 3 . 27  2 . 30 9  2 . 89 9  

2 6 6 .6  2 . 31  2 . 89 3  

2 7 9 . 93  2 . 33 3  2 . 88 3  

2 9 3 . 26  2 . 35 6  2 . 87 3  

3 0 6 . 59  2 . 36 8  2 . 83 8  

3 1 9 . 92  2 . 38  2 . 80 5  

3 3 3 . 25  2 . 40 2  2 . 74 9  

3 4 6 . 58  2 . 42 1  2 . 80 2  

3 5 9 . 91  2 . 40 7  3 . 12  

 
Tab 4  Results from Engine Components 
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S E CT I O N  7  

ANALYSIS 

S U B - S E C T I O N  7 . 1  

R E S ULT  A N AL Y SI S  

I n  l in e  w i t h  The  d a t a  o b ta i n ed  c an  no w  be  c o n ve r te d  to  p r ed ic t  

t he  be ha v i o u r  o f  t he  s ha f t  w i t h  re sp ec t  to  i t s  d i s t an ce  f r o m  t h e  j ou rna l  

be a r i n g .  

U s i n g  ou r  p re v io u s l y  e s ta b l i s h ed  re l a t i o n sh i p s ,  t he  v a r i a t i o n  i n  th e  

r e s u l t s  c an  no w  b e  ma ppe d  t o ge t h e r  w i t h  t he  ca l i b r a t ed  r e su l t s  t o  f i n d  

o u t  t he  c l ea ra nce  a t  pa r t i c u l a r  i n s t an ce s  o f  t i m e .  T hese  re s u l t s  a r e  

s ho w n  b e l o w:  

 

F o r  P ro be  1 :  
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F o r  P ro be  2   

 

 

  

S U B - S E C T I O N  7 . 2  

C O MM E NT S 

B o t h  p r o b e s  w er e  i n s t a l l ed  a t  1 8 0  d e g r ee s  t o  o n e  a n o t h e r  ( o p p o s i t e  s i d e s  o n  

a  b ea r i n g) ,  a n d  t h e  i n v e r s e  r e l a t i o n s h i p  o f  t h e  r e s u l t s  o f  t h e s e  t wo ,  

r e i n f o r c e s  t h e  ac c u r a c y  o f  o u r  r e s u l t s .  P r o b e  2 ,  h o w e v e r  e x h i b i t s  s o m e  

f l u c t u a t i o n s  t o  t h e  t r e n d .  T h e s e  can  b e  a t t r i b u t ed  t o  t wo  f a c t o r s :  

•  Lo w  p r e s s u r e  o f  o i l ,  a s  t h e  o i l  w a s  f ed  m a n u al l y  

•  P r o b e  2  w a s  v e r t i c a l l y  a b o v e  P r o b e  1  an d  s o  t h e  e f f e c t  o f  g r a v i t y  w a s  

m u c h  m o r e  s i g n i f i c an t   
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S E CT I O N  7  

CONCLUSION 

T he  t ec h n i q u e  de ve l o p ed  a b o ve  i s  a n  in n o va t i ve  me t h o d  o f  

c a l cu la t i n g  t he  o i l  f i lm  t h i ck ne s s .  Th e  re su l t s  f r om  t he  p r obe s ,  

i n s ta l l e d  a t  18 0  de gr e e s  to  one  a n o t he r ,  sh o w  t ha t  t he  re s u l t s  f r om  o ne  

p r o be  c om pl im e n t  th e  re su l t s  f r om  t he  o th e r .  Th i s  ca n  be  e a s i l y  de r i ved  

f r om  th e  f ac t  t h a t  t he  re la t io n s h i p  be tw e e n  t he  t wo  re s u l t s  i s  i n ve r se  –  

a s  o ne  i nc re ase s  t he  o t he r  de c re ase s .  Th i s  t e s t i f i e s  t he  ac cu ra c y  

de ve l o ped  i n  ou r  m e t ho d .  

 Th i s  s ys t e m  d e ve l o pe d  ha s  s e t  t he  b as i s  f o r  de ta i l e d  re se a r ch ,  

w i t h  i nc r ea sed  a c cu r ac y  t o  u n de rs t a nd  t he  b eh a v i o u r  o f  j o u r na l  

be a r i n g s  b y  s c i e n t i s t s  &  e n g i ne e r s .  

 

F u t u re  Rec o mme n d a t i o n s  

T he  Loc a l i ze d  C ap ac i t i ve  S y s te m  c a n  be  use d  b y  t he  Lub r i ca t i o n  

I n d u s t r y  t o  p re d ic t  t he  o i l  f i l m  be ha v i o u r  i n  e n g in es  u n de r  d yna m i c  

c o nd i t i on s .  T h i s  w i l l  f a c i l i t a t e  t he  i nd us t r y  i n  t he  de ve lo p me nt  o f  l ow 

v i sc o s i t y  l u b r ic a n t s  f o r  e n g i ne s  t o  re d uc e  s he a r  f r i c t i on  w h i ch  e x i s t s  in  

a lm os t  a l l  pa r t s  o f  t he  e n g i ne .  Th i s  w i l l  ha ve  a  d i re c t  e f f e c t  o n  f ue l  

c o ns um pt i o n  an d  t hu s  e mi s s i on s .    

T he  Lo ca l i zed  Cap ac i t i ve  S ys te m  i s  an  i m po r t a n t  ge ne r a l  pu rp o se  

f i l m  t h i ck ne ss  me a s u r i n g  sy s te m  f o r  r e sea rc h  an d  i n du s t r i a l  p o i n t  o f  

v i ew.  Som e  f u t u r e  a r ea s  a re :  

•  Me a su r i n g  t he  Ec cen t r i c i t y  o f  Sh a f t  

•  Ma p p i n g t h e  f i lm  th ic k ne s s  f o r  d i f f e re n t  l ub r ic an t s  

•  P r e d i c t i n g  the  v i s co s i t y  o f  lu b r i ca n t s  f r om  f i l m t h i c kn es s  
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W e  w ou l d  a l so  l i ke  t o  h i gh l i gh t  t ha t  a  pa te n t  h a s  be en  f i l e d  f o r  t he  

m e t ho d  me n t io ned  a b o ve  ( “ Oi l  f i lm  t h ic k ne s s  m e as u re m e n t  sy s t em  for  

e ng i ne  j o u r na l  bea r i ng s  us i n g  l oc a l i z e d  c a pac i t i ve  t ec hn i q ue ”  Pa t e nt  

A p p l i ca t i o n  N u m b er :  18 8 / 2 0 1 3 ) .   
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