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Thl, papcr is  conce rnd  with t h s o r ~ . t ~ c ~ l  and experin~ental  invcatrgatlcrn i n t o  the  
pertormancc ~ I I I ~ ~ ~ ~ ~ I ; L ~ Z C I L J  o t  t e ~ t ~ ( n j u l r l r  a l r  bearings conpensated by presLuru 
r a t l o  c o n t r d  valve. 

The theute t ioal  analy..iiA pc~ . ; t .~~ t s  cr ~iu th~ :~n i~ t i cd l  inodd1 of the performance c h a r a c t ~ c  - ' 

i s t i c s  af rcctdngul. ,~ . I L L  I,LUL lug, which based on the  vrscous compress~ble  i s o t r i e r ~ h  1 
flow theory. 

Experimental. work was c a ~ r i a d  out t o  ve r i fy  the theore t i ca l  r e s u l t s .  

S t ~ f E n e s s ,  Bearings, Compensation, Lubricdtion, Fluid Film t ea r lnys ,  Control virlvcs 
and r c s t r i c t o r  . 

Lubrrcation has been dstrnt-d d s  t h e  a r t  of reducing the  Erlctron developed Letwern 
two surfaces  movlny r ~ l a c r v e  t o  each other ,  t o  over-come the e f f e c t  of s t i c k - s l i p  
phenomena, incrrdslnq thl; l i i c  o t  rlwchrne Loo1 slideways and impcoviny tne  acculdcy 
and surface finaah of wolkyleces. 

From the  review of l i t r s t u ~ u ,  i t  1s ~ l r a r ~ t h a t  in  the f i e l d  of ex te rna l ly  p r e s s u t i i ~ : .  
gas bearings, the automdtic control  of the  f l u i d  f i l m  thickness through the use sf 

. 
con t ro l  valves a s  a compcnhutiny alcmencs rcceivcs no a t t en t ion ,  a s  compared w i t h  
ex te rna l ly  pressurizt:J u r  1 t l l t * ~  b c d c l ~ q : ,  (1-10). 

It is the  purpose oe t h i s  paper t o  analyue theore t i ca l ly  and experimentally the  
performance cha rac te r iv t ros  of external ly  prrssurized reotanyular gas bearings U S ~ I ~ J  

pressure r a t i o  control  vdlvt  J Y  d ccrr~~pensa t ing  element. 

2. TIIEORCTICAL ANALYSIS 

The perfarlnance c h a r x t e l l s t l c s  af rectdngulacc gas bearrnge dre deduced s t a r t i n g  
from the goveciny equations,  which aru  Navler-Stockes equations and the  cont inui ty  
equation. 
Utilng the  followinq sin~plic:~lny assun~ptlons : .. 
i ) -  The flow i s  steaoy, h u l n e r  and Q l w  dimensional in  the X direc t ion.  
r i  ) -  She body force:, dre  ~l rg leoted .  



i i i l -  I n e r t i a  f o r c e s  are neglected.  
iY ) -  The f i l m  i s  t h i n ,  and the, f low v e l o c i t y  g r a d i e n t  a long t h e  f i l m  is n-cced 

i n  comparison with t h e  v e l o c i t y  g r a d i e n t  a c r o s s  t h e  f i lm.  - 
a n  e x p r e s s i o n s  of t h e  weight f low ra te , ' p ressure  distritr+ition and load  c a r r y i n g  
c a p a c i t y  can be ob ta ined  as .  

2 .1Weiqht  Flow Rate .. 

2.2 :Pressure  D i s t r i b u t i o n  

The p r e s s u r e  d i s t r i b u r i o n  is  obta ined  by t h e  fo l lowing  f$y;$fyn 

s + IP1 ( l+n) /n  _ ( l+n) /n)  - 
Pa B2-X B2"nl 1 

S i n c e  t h e  f low i a  slow and t h e  bear ing  is made of  conduct ing matex ia l ,  t h e r e f a c e  
t h e  ass~lrnpt ion of  i so thern la l  E l o w  is v a l i e d .  

' For i s o t h e r m a l  f low c o n d i t i o n  n = l  

2 . 3 : ~ h e  Load Car ry ing  Capac i ty  

The load  c a r r y i n g  c a p a c i t y  is o b t a i n e d  by t h e  f o l l o w i r ~ g  equa t ion .  

2.4: S t i f f n e s s  

T h i s  s e c t i o n  d e a l s  w i t h  t h e  r v a l u t i o n  o f  t h e  s t i f f n e s s  of  e x t e r n a l l y  p r e s s u r i z e d  
r e c t a n g u l a r  bear ing  campensated by t h e  modeif ied presauer: cclntcal  va lve .  

2.4.1: P r e s s u r e  r a t i o  c o n t r o l  value' (Double diaphragm P r e s s u r e  t a t i q  
C o n t r o l  v a l v e )  

Dehring C i r c u i t  

.. - - 
TG-6eari-rn circirt c o n s i s t s  of  zl;e b e a r i n g  and t h e  p r e s s u r e  c g n t r o l  v a l v e  ohown i n  
F i g  ( 1 ).  The v a l v e  c o n s i s t s  mainly of  two diaphragms oE low s t i f f w a s  mo8uli i  
aonaaected r i g i d l y  by a stem moving i n  a g u i d e  formed i n  t he  valve body. A circular 
r e c e s s e d  c o n t r o l  pad is used t o  t h r o t t l e  t h e  c o n a t a n t  supply p r e s s u r e  P La P through 

c o n t r o l l e d  yap formed between t h e  diaphragm 1. and  c o n t r o l  pad. The f & i d  &er 
p r e s s u r e  P is  then  s u p p l i e d  to t h e  bear ing  v i a  an o r i f i c e .  Two p r e s s u r e  kapprey 
h o l e s  a r e  made I n  t h e  bear ing  supply  l i n e ,  b e f o r e  and a f t s r  t h e  o r i f i c e .  Fram tha 
two t a p p i n g  h o l e s  t h e  f l u i d  i s  f e d  back t o  afA upon diaphrapm (2) .  

The f low through tge  v a l v e  c o n t r o l  pad is g iven  a s  : 
., w. r h .  



The w e i g h t  t l o w  r a t e  th rouqh  t h e  o r i f i c e  is 
2/n +- P1 ( n + l ) / n  

The f l o w  th rough  the  b e a r i q g  i s  g i v e n  by 

Force  e q u a t i o n  

Po.A1+Ia1A2 = PoA2 

assume AZ/A1 = m 

m - 1  - = -  
Po 

Substitute from e q u a t i o n  (11) i n t o  e q u a t i o n  (9) 

1t.1) ( n + l ) / n  ] J lie 112, 
h b= 2 2  1/3 

(NPs - Pa) 

where N = P1/Ps ( 13 )  

The s t i f f n e s s  is  d e f i n e d  a s  

S u b s t i t u t e  from e q u a t i o n  (13) i n t o  e q u a t i o n  (5) and  d i f f e r e n t i a t e  t h e  new equatioa 
and e q u a t i o n  (12)  w i t h  r e s p e c t  to  N,  

The s t i f f n e s s  is g i v e n  by t h e  Fo l lowing  e q u a t i o n  
2  

( 2  .z + Z3.Z4) Z s  
XS -' 

Z6. Ps. (bl)li3- Z,.Z8 

Where 
z - 6 P  . L . B  
1- s o l  

2 2  2  
Z2= (N Ps-Pal 

z3= 4L0 (B2-El) 

2 2  2  2  3  
Z; N4P: - I N  Ps Pa + 2N Ps Pa 

Z5= (Ps N) 2/3 



3- EXPERIMENTAL VIRIFICATION 

The presen ted  e x p e r i ~ n e n t a l  work was c a r r i e d  act to  v e r i f y  t h e  t h e o r e t i c a l  fin- 

3 .l-Experimental s e t u p  

The experimental  s e t u p  i n c l u d e s t  t h e  bear ings ,  p r e s a u r e  c o n t r o l  va lve ,  t h e  f l u i d  
circuit, load ing  system and t n e  measuring dev ices ,  

The bear ing  c o n s i s t s  of two airin p a r t s  a pad and a bed. 

3 .1 . l . i :~hc .  pa3 ... 

A rectarrgylar prtd ma& oT mid s t e e l ,  grsund and l a l p e d  was used i n  t h e  experrmental  
work., l 'ke pa3 is o f  lenjth 200 mm and width 120 nun. t h e  r e c e s s  l e n g t h  is 0.9 t h e  
bearing l e n g t h  and t h e  r e c e s s  width is 0.28 t h e  bear ing  width. The recessed  bearing 
has a c e n t r a l  h o l e  of 2 nun diameter  to supply t h e  f l u i d  t o  t h e  bear ing  a s  shown i n  
F ig  ( 2 I .  

A commen s t e e l  bed c t ~ m n  i n  Fig. (3 ) of dimensions 36x28 cni and 3.5 cm t h i c k .  The 
Led was f i n e  ground t o  form t h e  second bearing s u r f a c e ,  on whlch t h e  pad f l o a t s .  

3.1.2 : P r e s s u r e  Cont ro l  Valve 

The bear ing  c i r  u ' t  i c c l u a e s  t h e  p r e s s u r e  c o n t r o l  va lve .  The p r e s s u r e  c o n t r o l  va lve .  
was c o n s t r u c t e d  ' , t o  r + p r r s e n t  t h e  compensating e l e m n t  i n  t h e  c i r c u i t  a s  shown 
i n  F L ~ .  ( 4  ) 

3.1.3 : F l o i d  C i r c u i t  F i q . (  5 ) 

The f l u i d  c i r c u i t  c o n s i s t s  of , t h e  a i r  corppressor, t h e  p ipe  l i n e  and t h e  c o n t r o l  
d e v i c e s .  

3.1.4 .: Loading System 

The load whs a p p l l e d  t o  t h e  bearing through a c a l i b r a t e d  pruof r l n g  i n  a d d i t i o n  to  a 
mechanical e x c i t e r  

3.1.5 :The M a w r i n g  Devices 

The measurements necessary t o  c a r r y  o u t  t h e  experimental  i n v b s t i g a t i o n s  were: 
i ) -  Pressure  

F ive  bourdan gouge we used t o  measure t h e  pressure .  

ii 1'- Flow r a t e  
A c a l i b r a t e d  o r i f i c e  meter  with D and'D/2 p r e s s u r e  tc tppings was used to meas- 
u r e  t h e  f low r a t e .  

i i i ) -  Film Thickness 

The bearing f i l m  t h i c k n e s s  was measured by two methods: 
1- Three c a l i t r a t e d  d i a l  gauge of 0.01 mn d i v i s i o n  weLe u,ed t o  measure t h e  

f i l m  th ickness .  
2- The f i l m  t h i c k n e s s  was a l s o  used by a v i b r a t i a n  t ransducer  which measure 

t h e  r e l a t i v t  ntovemrnt of t h e  pad t o  t h e  bed, This  1 1 : ~ l c a t e s  t h e  f i l m  
tt irckness. 



i V  ) -  The Load 
The load  was measured by a c a l i b r a t e d  proof r i n g ,  equipped with f o u r  s t r a i n  
gaugesas a b r idge .  

DISCUSSION OF RESULTS 

Fig. ( &  shows t h e  relcl t ion between t h e  s t i f k n e s s  and f i l m  th ickness .  Prom t h e  
f i g u r e  i t  is c l e a r  t h a t  t h e  s t i f f n e s s  i n c r e a s e s  a s  t h e  f i l m  t h i c k n e s s  decreases  a t  
t h e  same v a l e  of diaphragm a r e a  r a t i o  and from t h e  f i g u r e  a t  c o n s t a n t  f i l m  th ick-  
n e s s  t h e  s t i f f n e s s  i n c r e a s e s  a s  t h e  diaphragm a r e a  r a t i o  decreases .  

P igure  0.) shows t h e  r e l a t i o n  between t h e  load  c a r r y i n g  c a p a c i t y  and t h e  s t i f f n e s s  
a t  d i f f e r e n c  diaphragm a r t a  r d t i o .  From t h e  f i g u r e  it is n o t i c e d  t h a t  a s  t h e  load 
i n c r e a s e s  t h e  s t i f f n e s s  i n c r e a s e s  and from t h e  f i g u r e  t h e  s t i f f n e s s  i n c r e a s e s  a t  
t h e  same load  a s  t h e  diaphragm a r e a  r a t i o  i n c r e a s e s  a t  t h e  same supply p r e s s u r e .  

F igure  (.a shows exper imenta l  r e l a t i o n  between t h e  a p p l i e d  s inasouda l  load  and f i l m  
t h i c k n e s s  a t  c o n s t a n t  p r e s s u r e  and d i f f e r e n t  gap thickness.prom t h e  f i g u r e  i t  is 
c l e a r  t h a t  a s  t h e  a p p l i e d  load  i n c r e a s e s  t h e  f i l m  t h i c k n e s s  decreases  and a t  cons t -  
a n t  load  t h e  f r l m  t h i c k n e s s  I n c r e a s e s  wi th  t h e  i n c r e a s e  of t h e  i n i t i a l  gap t h i c k n e s s .  

F igure  ( 9 )  c l e a r s  t h e  exper imenta l  r e l a t i o n  between t h e  s t i f f n e s s  and f i l m  t h i c k n e s s  
a t  d i f f e r e n t  l n i t l a l  gap th lckness .  From t h e  f i g u r e  it is not iced  t h a t  t h e  s t i f f n -  
e s s  i n c r e a s e s  w i t h  t h e  d c c r c a s e s  of t h e  f i l m  t h i c k n e s s  a t  c o n s t a n t  gap th ickness .  

I t  is a l s o  n o t i c e d  t h a t  t h e  s t i f f n e s s  i n c r e a s e s  a s  t h e  gap t h i c k n e s s  i n c r e a s e s  a t  
t h e  same f i l m  t h i c k n e s s  , 

Figure  (10) sl~ows t h e  expecimental  r e l a t i o n  between t h e  a p p l i e d  load  and dynamic sti- 
fkness  a t  d i f f e r e n t  v a l u e s  of gap t h i c k n e s s .  From t h e  f i g u r e  it is n o t i c e d  t h a t  t h e  
dynamic s t i f f n e s s  i n c r e s s e s  with t h e  i n c r e a s e  of t h e  load,  i t  is a l s o  c l e a r  t h a t  t h e  
dynamic s t i f f n e s s  i n c r e a s e s  a s  t h e  gap t h i c k n e s s  d e c r e a s e s  a t  t h e  same load  f o r  smal l  
a p p l i e d  load  and a f t e r  t h i s  t h e  dynamic s t i f f n e s s  i n c r e a s e s  a s  t h e  i n i t i a l  gap th lck-  
n e s s  i n c r e a s e s .  From t h i s  it c a n  be s t a t e d  t h a t  i f  t h e  bear ing  is  working under 
smal l  load  t h e  i n i t i a l  gap t h i c k n e s s  should be a d j u s t e d  a t  s n l a l l  v a l u e  t o  g i v e  high 
dynamic s t i f f n e s s  and che o p p o s i t e  i f  t h e  load  is big.  

F i g u r e  h j  shows a comparison between t h e o r e t i c a l  and experimental  r e s u l t s  f o r  t h e  
r e l a t i o n  between t h e  bear ing  load  and f l u i d  f i l m  th ickness .  From t h e  f i g u r e  it is 
c l e a r  t h a t  t h e r e  is a reasonable  agreement between t h e  t h e o r e t i c a l  and exper imenta l  
r e s u l t .  

CGMCLUSIONS 

1. The s t i f f n e s s  o f  e x t e r n a l l y  p r e s s u r i z e d  f l u i d  f i l m  bear ings  depends on t h e  methods 
of compensation. 

2. For p r e s s u r e  c o n t r o l  v a l v e  t h e  s t i f f n e s s  i n c r e a s e s  a s  t h e  diaphragm a r e a  r a t i o  
i n c r e a s e s .  

I 
3 .  For p r e s s u r e  c o n t r o l  valve t h e  s t i f f n e s s  depends on t h e  i n ~ t i a a  gap t h i c k n e s s  

between t h e  v a l v e  c o n t r o l  pad and diaphragm. 
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NOMCNCLATUKE 

A1 = The a r e a  o f  diaplirarjm ( 1 ) .  
Az ; The a r e a  o f  d i a p h r ~ g i n  (2). 
a - o r i f i c e  a r e a .  

= Width of r e c t a n g u l a r  b e a r i n g  r e c e s s .  
= T o t a l  r e c t a n g u i a r  b e a r i n g  w i d t h +  

h i  = F i l m  t h i c k d e s s  betwscn v a l v e  c o n t r o l  pad and t h e  diaphragm,  
hb = Bear ing  f i l m  t h i c k n e s s .  
L = Load c a r r y i n g  c a p a c i t y .  

- Rec taogu la r  r e c e s s  l e n g t h  . > Diaphragm a r e a  r a t i o .  
N = R a t i o  o f  r e c e s s  P r e s s u r r / S u p p l y  P r e s s u r e .  
P = P r e s s u r e  d i s t r i b u t i o n .  
P 5 a b s o l u t e  p r e s s u r e .  
pa = pb = r e c e s s  p r e s s u r e .  
P' = s u p p l y  p r e s s u r e .  
ltS = Gas c o n s t a n t .  
r , , r ,  = I n n e r  and  o u t e r  v a l v e  c o n t r o l  pad r a d i i .  
TI = ' a b s o l u ~ e  t e m p e r a t u r e .  
W = Weight Flow r a t e .  
p = V i s c o s i t y ,  

-z S t i f f n e s s .  
















