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ABSTRACT 

This paper discusses the design, development and fabrication of a 

Prototype Hydraulic Transformer, Hydro-Aire Model No, 05-055, performed 

in fulfillment of the requirements of Contract No, NAS 8-5264 for 

NASA Marshall Space Flight Center, The Hydraulic Transformer 

described is designed to pump hydraulic oil at a flow of 100 GPM 

with a pressure rise of 4000 psi, and does this work by utilizing 

as a power source the flow of RP-1 rocket fuel at a pressure of 

1900 psig, The Hydraulic Transformer built to handle this combination 

of flows and pressures, unprecedented in such devices, has a weight 

of only 7'0 pounds for the first development model, The development 

of this unit is discussed and future development improvements are 

mentioned, 

INTRODUCTION 

The specification requirements of the Saturn S-IC Vehicle call 

for a pump with a variable capacity of zero to 100 GPM of hydraulic 

oil at a rated pressure of 4000 psi, The power to accomplish this 

work is to be derived from the RP-1 rocket fuel at a pressure of 

1900 psigo A conventional approach to this problem would be to 

design a fuel-driven motor coupled to a hydraulic pump, Due to 

the large flows and high pressures involved, such an approach 
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would n e c e s s a r i l y  r e s u l t  i n  a  s i z a b l e  u n i t  w i t h  a  weight  o f  o v e r  

1 0 0  pounds, 

I n s t e a d  o f  t h e  c o n v e n t i o n a l  approach,  a d e c i s i o n  w a s  made t o  

d e s i g n  a h y d r a u l i c  t r a n s f o r m e r ,  o r  i n t e n s i f i e r ,  which combines 

t h e  f u n c t i o n s  o f  h y d r a u l i c  motor  and pump i n  a  s i n g l e  u n i t ,  

B a s i c a l l y ,  t h e  h y d r a u l i c  t r a n s f o r m e r  c o n s i s t s  o f  a  series o f  

free p i s t o n s  moving i n  i n d i v i d u a l  c y l i n d e r s  under  t h e  i n f l u e n c e  

o f  t h e  p r e s s u r e  o f  e a c h  f l u i d ,  t h e  r o c k e t  f u e l  and t h e  h y d r a u l i c  

o i l ,  a c t i n g  on o p p o s i t e  ends  o f  t h e  p i s t o n s ,  The f a c t  t h a t  each  

p i s t o n  h a s  a l a r g e r  f u e l  s i d e  a r e a  t h a n  o i l  s i d e  a r e a  a c c o u n t s  

f o r  t h e  i n t e n s i f i c a t i o n  o f  p r e s s u r e  o f  t h e  h y d r a u l i c  o i l ,  which 

i s  pumped by t h e  lower  p r e s s u r e  f u e l ,  

The a d v a n t a g e s  o f  t h e  h y d r a u l i c  t r a n s f o r m e r  o v e r  a  c o n v e n t i o n a l  

motor-pump combinat ion  i n c l u d e  more t h a n  a  s a v i n g  i n  weight ,  

The r e l a t i v e l y  s m a l l  number o f  moving p a r t s  r e d u c e s  f r i c t i o n  

l o s s e s ,  and t h u s  improves e f f i c i e n c y ,  The f r e e  p i s t o n  c o n s t r u c -  

t i o n  means t h a t  pumping l o s s e s  a r e  reduced i n  p r o p o r t i o n  t o  t h e  

c a p a c i t y ,  and t h u s  e f f i c i e n c y  d r o p s  r e l a t i v e l y  l i t t l e  a t  r educed  

f l o w s ,  The h y d r a u l i c  t r a n s f o r m e r  e x h i b i t s  o u t p u t  c h a r a c t e r i s t i c s  

o f  a  p r e s s u r e  compensated v a r i a b l e  d i sp lacement  pump, producing 

f low from z e r o  t o  r a t e d  o u t p u t  a t  a  n e a r l y  c o n s t a n t  o u t p u t  p r e s s u r e  

and c o n s t a n t  e f f i c i e n c y ,  The development u n i t  h a s  a  weight  o f  

o n l y  7 0  pounds, 
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DESCRIPTION OF OPERATION 

A s chema t i c  o f  t h e  h y d r a u l i c  t r a n s f o r m e r  i s  shown i n  F igu re  1, 

and a  cutaway drawing i s  shown i n  F igu re  2, The o p e r a t i o n  o f  

t h e  h y d r a u l i c  t r a n s f o r m e r  i s  as fo l l ows :  

a )  Fuel  a t  1 9 0 0  p s i g  e n t e r s  t h e  f u e l  i n l e t  p o r t ,  A sma l l  amount 

o f  f u e l  f l ows  th rough  a passage  t o  a h y d r a u l i c  motor and 

p r o v i d e s  t h e  f l u i d  power f o r  t h e  h y d r a u l i c  motor t o  t u r n  t h e  

r o t a r y  v a l v e ,  The bu lk  o f  t h e  f u e l  f lows  th rough  t h e  r o t a r y  

v a l v e ,  

b )  The r o t a r y  v a l v e  d i r e c t s  t h e  f u e l ,  i n  p rope r  sequence ,  t o  t h e  

end s u r f a c e  o f  a set  of f r e e  a c t i n g  p i s t o n s ,  

C )  The p i s t o n s  are d r i v e n  by t h e  f u e l  p r e s s u r e ,  a c t i n g  on t h e  

f u e l - s i d e  p i s t o n  a r e a ,  and t h u s  p r e s s u r i z e  h y d r a u l i c  o i l  

exposed t o  t h e  s m a l l e r  a r e a  a t  t h e  o i l - s i d e  end o f  t h e  p i s t o n ,  

T h i s  i s  t h e  p r e s s u r e  i n t e n s i f i e r  a c t i o n ,  

d l  During t h e  p i s t o n  p r e s s u r i z i n g  s t r o k e ,  t h e  h y d r a u l i c  o i l  i n  

t h e  p r e s s u r i z i n g  chamber a t  t h e  sma l l  end o f  t h e  p i s t o n  i s  

f o r c e d  o u t  under  a  p r e s s u r e  o f  4 0 0 0  p s i  th rough  a check va lve ,  

A t  t h e  end o f  t h e  p r e s s u r i z i n g  s t r o k e ,  t h e  o i l  check v a l v e  

c l o s e s ,  



Page 6 

e )  When t h e  p i s t o n  t h r u s t  s t r o k e  i s  completed,  t h e  r o t a r y  v a l v e  

s u p p l i e s  h i g h  p r e s s u r e  f u e l  t o  a midpoint  a r e a  o f  t h e  p i s t o n ,  

f o r c i n g  t h e  p i s t o n  t o  r e t u r n  and exhaus t i ng  t h e  f u e l  i n  t h e  

rear f u e l - s i d e  chamber th rough  t h e  d i s c h a r g e  p o r t s  o f  t h e  

r o t a r y  va lve .  

f) During t h e  r e t u r n  s t r o k e  o f  t h e  p i s t o n ,  a  new q u a n t i t y  o f  

h y d r a u l i c  o i l  e n t e r s  t h e  o i l  p r e s s u r i z i n g  chamber from t h e  

o i l  i n l e t  pa s sages ,  f lowing  th rough  an i n l e t  check v a l v e  which 

c l o s e s  when t h e  r e t u r n  s t r o k e  i s  completed,  

g )  The h y d r a u l i c  t r a n s f o r m e r  ha s  1 2  p i s t o n s  which perform t h e  

o p e r a t i o n s  above i n  a sequence determined by t h e  t im ing  o f  

t h e  r o t a r y  v a l v e ,  which i n  t u r n  must r o t a t e  a t  t h e  c o r r e c t  

speed  t o  a l l o w  f o r  t h e  dynamic r e sponse  o f  t h e  p i s t o n s  and 

t h e  o i l  check va lve s .  A speed c o n t r o l l e r  on t h e  motor which 

d r i v e s  t h e  r o t a r y  v a l v e  a s s u r e s  p rope r  r o t a t i o n a l  speed,  

MECHANICAL DESIGN CONSIDERATIONS 

S e v e r a l  f e a t u r e s  o f  t h e  h y d r a u l i c  t r a n s f o r m e r  r e q u i r e d  s p e c i a l  

c o n s i d e r a t i o n  on mechanical  de s ign ,  The r o t a r y  v a l v e  ha s  a  

p r e s s u r e  d i f f e r e n t i a l  o f  abou t  1850 p s i  between t h e  f u e l  i n l e t  

and d i s c h a r g e  pa s sages ,  and t h u s  must r o t a t e  w i t h i n  i t s  

su r round ing  p o r t e d  s l e e v e  w i th  ve ry  s m a l l  c l e a r a n c e ,  t o  p r even t  
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e x c e s s i v e  l e a k a g e  between i n l e t  and d i s c h a r g e ,  I n  o r d e r  t o  main- 

t a i n  t h i s  s m a l l  c l e a r a n c e  under  o p e r a t i n g  c o n d i t i o n s ,  t h e  r o t a r y  

v a l v e  must be  v e r y  r i g i d l y  c o n s t r u c t e d  t o  p r e v e n t  de fo rmat ion  under  

t h e  h i g h  d i f f e r e n t i a l  p r e s s u r e  l o a d s ,  T o l e r a n c e s  on d imensions  

and c o n c e n t r i c i t i e s  had t o  be  c a r e f u l l y  c o n t r o l l e d ,  

The d e s i g n  o f  t h e  p i s t o n  assembly a l s o  r a i s e d  some problems,  The 

p i s t o n s  t r a v e l  a t  a v e r y  h i g h  v e l o c i t y  and must be d e c e l e r a t e d  and 

s t o p p e d  i n  a v e r y  s h o r t  d i s t a n c e  a t  t h e  end of  t h e  s t r o k e ,  The 

s o l u t i o n  w a s  r a t h e r  s t r a i g h t f o r w a r d  f o r  t h e  o i l  pumping s t r o k e ,  

u s i n g  t h e  c l o s e d  end o f  t h e  c y l i n d e r  as a d a s h p o t ,  However, a t  

t h e  f u e l  end f o r  t h e  r e t u r n  s t r o k e ,  a dashpo t  cou ld  n o t  be con- 

s t r u c t e d  a t  t h e  end o f  t h e  c y l i n d e r  b o r e ,  I n s t e a d ,  it was n e c e s s a r y  

t o  make t h e  dashpo t  w i t h i n  t h e  end o f  t h e  p i s t o n ,  matching a  mat ing  

p r o j e c t i o n  a t  t h e  end o f  t h e  c y l i n d e r ,  T h i s  d e s i g n  a l s o  r e q u i r e d  

m a i n t a i n i n g  v e r y  c l o s e  t o l e r a n c e s  and c o n c e n t r i c i t i e s ,  

The main h y d r a u l i c  t r a n s f o r m e r  hous ing  t h u s  had t o  accommodate 

a number o f  p a r t s  t o  be  assembled t o  ve ry  c l o s e  t o l e r a n c e s ,  The 

complex i ty  o f  t h e  hous ing  may be e n v i s i o n e d  by n o t i n g  t h e  view 

shown on F i g u r e  4, Machining t h e  f i r s t  hous ing u n i t  o u t  o f  b a r  

s t o c k ,  w i t h o u t  s p e c i a l  t o o l i n g ,  was f o r  t h e  m a c h i n i s t  a t r a u m a t i c  

e x p e r i e n c e o  
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DEVELOPMENT WORK 

Much of the development work on the hydraulic transformer was done 

using test fixtures which allowed testing of individual components, 

The bulk of the development work was concentrated on two components: 

The fuel rotary valve and the pistons, The hydraulic motor and the 

check valves, on the other hand, were found to be satisfactory with 

very little design modification. 

Development of the fuel rotary valve required considerable develop- 

ment work because of the numerous parameters involved in its design 

and fabrication, As this valve must handle a fuel flow of up to 

260 GPM with minimum power losses, a compromise is established 

between the torque required to rotate it and the leakage flow 

permissible, Several approaches were studied, and the cylindrical 

rotary valve design was selected as the best for initial development, 

Several rotary valve configurations were tested to arrive at a 

design having low pressure drop and balanced pressure forces, The 

valve was also improved to give better rigidity and less deformation 

in operation, With these improvements the valve could be operated 

with smaller running clearances between the valve body and the 

surrounding ported sleeve, thus reducing leakage flow, 
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Another  f e a t u r e  o f  t h e  r o t a r y  v a l v e  r e q u i r i n g  some m o d i f i c a t i o n  was 

c h o i c e  o f  v a l v e  b e a r i n g s .  I n i t i a l l y ,  r o l l e r  b e a r i n g s  were u s e d ,  

b u t  f o r  s e v e r a l  r e a s o n s  t h e  r e s u l t i n g  s t a r t i n g  t o r q u e  a t  h i g h  f u e l  

p r e s s u r e  w a s  t o o  g r e a t  f o r  t h e  h y d r a u l i c  d r i v e  motor ,  A change 

was made t o  b a l l  b e a r i n g s  and t h e  problem w a s  e l i m i n a t e d ,  

I n  t h e  c o u r s e  o f  t h e  development work on t h e  p i s t o n  assembly ,  

s e v e r a l  a l t e r n a t i v e  d e s i g n s  were s t u d i e d ,  The o r i g i n a l  d e s i g n  

had s p r i n g s  t o  r e t u r n  t h e  p i s t o n s  a f t e r  t h e  power s t r o k e ,  T h i s  

s p r i n g  d e s i g n  w a s  dropped a f t e r  c a r e f u l  c o n s i d e r a t i o n  of some 

i n h e r e n t  d e s i g n  problems,  The main o b j e c t i o n  t o  t h e  s p r i n g  r e t u r n  

d e s i g n  w a s  t h e  r e d u c t i o n  i n  t h e  u n i t  r e l i a b i l i t y .  The p i s t o n s  

would be t r a v e l i n g  a t  a r a t e  o f  5 0 0 0  c y c l e s  p e r  minute  and would 

e x e r t  a  h i g h  stress l o a d  on t h e  s p r i n g ,  T h e r e f o r e ,  it was d e c i d e d  

t o  u s e  h y d r a u l i c  i n s t e a d  o f  mechanica l  power t o  r e t u r n  t h e  p i s t o n s ,  

T h i s  was accompl ished by a l l o w i n g  h i g h  p r e s s u r e  f u e l  t o  e n t e r  a 

c a v i t y  i n  t h e  midd le  o f  t h e  p i s t o n  assembly a t  t h e  comple t ion  o f  

t h e  power s t r o k e  which caused t h e  p i s t o n  t o  be  r e t u r n e d ,  Ca lcu la -  

t i o n s  showed t h a t  t h i s  d e s i g n  i s  more e f f i c i e n t  and r e l i a b l e  t h a n  

t h e  o r i g i n a l  s p r i n g  r e t u r n  d e s i g n ,  However, t h i s  d e s i g n  r e q u i r e d  

t h a t  t h r e e  s e a l i n g  s u r f a c e s  be used p e r  p i s t o n  assembly.  The 

p i s t o n  w a s  d e s i g n e d  i n  two p i e c e s  w i t h  a b a l l  s w i v e l  j o i n t  

c o n n e c t i o n  t o  f a c i l i t a t e  i t s  f a b r i c a t i o n ,  A t  least  two o f  t h e  
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s e a l i n g  s u r f a c e s  had t o  be l a p  f i t t e d  t o  t h e  one-piece  s l e e v e ,  wh i l e  

a t h i r d  used a p i s t o n  r i n g  as a  seal,  The b a l l  j o i n t  a l lowed some 

misa l ignment ,  and t h e r e f o r e  t h e  c o n c e n t r i c i t y  o f  t h e  s l e e v e  b o r e s  

and t h e  p i s t on -p lunge r  d i ame te r s  was n o t  a  c r i t i c a l  problem, 

However, d u r i n g  t e s t i n g  it became e v i d e n t  t h a t  t h i s  de s ign  was 

d e f i c i e n t  i n  t h a t  t h e  l i p s  swedged o v e r  t h e  b a l l  became c racked  

under  t h e  o s c i l l a t i n g  l oad .  I t  was f i n a l l y  decided t h a t  based 

upon e x p e r i e n c e  w i th  spoo l  t y p e  v a l v e s  and t h e  a v a i l a b i l i t y  o f  a 

new p r e c i s i o n  g r i n d i n g  machine, t h e  p i s t on -p lunge r  cou ld  be 

manufactured i n  one  p i e c e  and s t i l l  ma in t a in  t h e  d e s i r e d  d i a m e t r i c a l  

c l e a r a n c e s ,  T h e r e f o r e ,  t h e  p i s t o n s  i n  t h e  f i n a l  u n i t  are o f  one- 

p i e c e  c o n s t r u c t i o n .  

Another  problem o f  t h e  p i s t o n  assembly w a s  t h a t  o f  weight .  To 

keep t h e  i n e r t i a  f o r c e s  t o  a  minimum, t h e  weight  o f  t h e  p i s t o n  

must be as low as p o s s i b l e  and s t i l l  ma in t a in  t h e  s t r e n g t h  and 

r i g i d i t y  r e q u i r e d ,  To op t im ize  t h e  p i s t o n  de s ign ,  r e l a t i o n s h i p s  

between t h e  v a r i o u s  pa r ame te r s ,  l i s t e d  below, were s t u d i e d :  

a )  P i s t o n  i n e r t i a  f o r c e s ,  

b)  F r i c t i o n  between t h e  rubb ing  s u r f a c e s  r e q u i r e d  t o  c o n t r o l  t h e  

l e akage  f low,  

Hydrau l i c  s p r i n g i n g  g iven  by t h e  f l u i d  c o m p r e s s i b i l i t y .  
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Figure 3 DISPLACEMENT AND VELOCITY VS. TIME 
I N  HYDRAULIC TRANSFORMER PISTON TEST 



Page 12 

d l  Required  a r e a  r a t i o  under  t h e  d i f f e r e n t  c o n d i t i o n s  o f  power 

s t r o k e ,  r e t u r n  s t r o k e  and s h u t o f f ,  

e l  Rota ry  v a l v e  speed r e q u i r e d  t o  p rov ide  p rope r  t im ing  f o r  t h e  

p i s t o n  s t r o k e ,  

A s p e c i a l  t e s t  s e t u p  was made t o  r e c o r d  p i s t o n  d i sp lacement  vs.  

t i m e ,  wh i l e  p i s t o n  v e l o c i t y  and a c c e l e r a t i o n  were o b t a i n e d  by 

g r a p h i c a l  d i f f e r e n t i a t i o n ,  R e s u l t s  a r e  shown i n  F igu re  3 f o r  one 

o f  t h e  tes t  p i s t o n s .  Due t o  t h e  o p e r a t i o n  o f  t h e  d i s c h a r g e  check 

v a l v e ,  it may be seen  t h a t  p i s t o n  v e l o c i t y ,  and hence o i l  f low,  

i s  n e a r l y  c o n s t a n t  o v e r  most o f  t h e  p i s t o n  s t r o k e .  Th i s  i s  i n  

c o n t r a s t  t o  t h e  s i n u s o i d a l  form of  o u t p u t  g iven  by a  t y p i c a l  

h y d r a u l i c  p i s t o n  pump. 

HYDRAULIC TRANSFORMER DEVELOPMENT UNIT 

The complete  h y d r a u l i c  t r a n s f o r m e r  development u n i t  i s  shown a s  

a p a r t s  a r r a y  i n  F igu re  4 and f u l l y  assembled i n  F igure  5 ,  The 

tes t  s e t u p  r e q u i r e d  t o  supp ly  t h e  f lows  and p r e s s u r e s  r e q u i r e d  

f o r  t h i s  u n i t  i s  n e c e s s a r i l y  q u i t e  s u b s t a n t i a l  and i s  shown 

p a r t i a l l y  i n  F igu re  6 ,  The purchased main f u e l  supp ly  pump and 

motor  d r i v e  i s ,  u n f o r t u n a t e l y ,  no t  y e t  f u l l y  o p e r a b l e ;  and w i thou t  

t h e  u s e  o f  t h i s  s p e c i a l  equipment,  u n i t  performance cou ld  o n l y  be  
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t e s t e d  under  ve ry  l i m i t e d  c o n d i t i o n s ,  From such p r e l i m i n a r y  t e s t i n g  

it a p p e a r s  t h a t  t h e  u n i t  i s  f u n c t i o n i n g  p r o p e r l y  and t h a t  o v e r a l l  

e f f i c i e n c y  shou ld  be  abou t  69%, 

DESIGN IMPROVEMENT 

During t h e  development program of  t h e  h y d r a u l i c  t r a n s f o r m e r ,  many 

t h i n g s  w e r e  l e a r n e d  which cou ld  be a p p l i e d  t o  improvement o f  t h e  

u n i t ,  A number o f  t h e s e  t h i n g s ,  however, gave r ise  t o  i d e a s  t h a t  

cou ld  o n l y  be developed i n  a comple te ly  new des ign  c o n f i g u r a t i o n ,  

which was no t  p o s s i b l e  i n  t h e  t i m e  a l lowed i n  t h e  o r i g i n a l  program, 

A new program has  now commenced t o  produce an  improved de s ign ,  

One major  d e s i g n  improvement i s  i n  making t h e  p i s t o n s  doub le -ac t ing ,  

s o  t h a t  t h e y  pump o i l  on bo th  t h r u s t  and r e t u r n  s t r o k e s ,  The 

i n i t i a l  h y d r a u l i c  t r a n s f o r m e r  de s ign  used s i n g l e - a c t i n g  p i s t o n s  

t o  s i m p l i f y  development problems,  bu t  once  t h e  b a s i c  problems o f  

p i s t o n  a c t i o n  were s o l v e d ,  doub le -ac t ing  p i s t o n s  p r e s e n t e d  s e v e r a l  

obv ious  advan tages :  

a )  Pumping on bo th  t h r u s t  and r e t u r n  s t r o k e s  e l i m i n a t e s  t h e  

wasted  e f f o r t  o f  r e t u r n i n g  t h e  p i s t o n  w i thou t  any u s e f u l  

o u t p u t  0 
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b)  The doub l e - ac t i ng  p i s t o n s  can u s e  o i l - s i d e  da shpo t s  on bo th  

t h r u s t  and r e t u r n  s t r o k e s ,  Th i s  l e a d s  t o  improvements b o t h  

i n  damping, due t o  t h e  h i g h e r  v i s c o s i t y  o f  t h e  o i l ,  and i n  

manufac tu re ,  due t o  t h e  s i m p l i f i c a t i o n  o f  t h e  des ign .  

C )  The improved p i s t o n  c o n f i g u r a t i o n  makes it p o s s i b l e  t o  reduce  

t h e  p i s t o n  s i z e ,  The smaller p i s t o n s  i n  t u r n  a l l ow  an  o v e r a l l  

r e d u c t i o n  i n  t h e  s i z e  o f  t h e  h y d r a u l i c  t r a n s f o r m e r ,  

d )  The smaller and hence l i g h t e r  p i s t o n s  a l l ow  a n  i n c r e a s e  i n  

o p e r a t i n g  speed ,  improving e f f i c i e n c y ,  

e )  The combined e f f e c t  o f  doub le -ac t ion  f o r  t h e  p i s t o n s ,  s m a l l e r  

p i s t o n s ,  and f a s t e r  a c t i n g  p i s t o n s ,  a l l ows  a  r e d u c t i o n  i n  t h e  

number o f  p i s t o n s ,  T h i s  a l l ows  a  b i g  r e d u c t i o n  i n  s i z e  and 

weight  o f  t h e  h y d r a u l i c  t r a n s f o r m e r ,  

Another  d e s i g n  change which i s  contemplated  i s  t h e  replacement  o f  

t h e  c y l i n d r i c a l  r o t a r y  v a l v e  wi th  a face - type  r o t a r y  va lve .  The 

improvements a n t i c i p a t e d  w i t h  t h i s  t y p e  o f  f u e l  va lve  are: 

a) Reduct ion o f  i n t e r n a l  f u e l  l e akage  from t h e  i n l e t  t o  t h e  

o u t l e t  because  t h e  f ace - t ype  v a l v e  can b e  o p e r a t e d  w i t h  

c l o s e r  runn ing  c l e a r a n c e s  t h a n  t h e  p r e s e n t  c y l i n d r i c a l  v e r s i o n ,  
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b )  Due t o  g r e a t e r  s i m p l i c i t y  o f  c o n s t r u c t i o n ,  weight  o f  t h e  v a l v e  

i s  reduced,  

c )  The g r e a t e r  s i m p l i c i t y  o f  c o n s t r u c t i o n  shou ld  a l s o  a l l ow  a 

r e d u c t i o n  i n  c o s t  o f  manufacture  o f  t h e  r o t a r y  va lve .  

The u s e  o f  f a ce - t ype  r o t a r y  v a l v e s  r e q u i r e s  c a r e f u l  p r e s s u r e  

ba l anc ing  i n  o r d e r  t o  ma in t a in  t h e  ve ry  s m a l l  runn ing  c l e a r a n c e s  

con templa ted ,  The o p e r a t i o n  o f  t h e  va lve  must be c a r e f u l l y  ana lyzed  

t o  a c h i e v e  optimum p r e s s u r e  ba l anc ing  i f  t h e  f u l l  advantage  o f  t h i s  

t y p e  o f  d e s i g n  i s  t o  be u t i l i z e d ,  

A f u r t h e r  improvement i n  va lv ing  i s  cons ide r ed  by r e p l a c i n g  t h e  

o i l  check v a l v e s  w i t h  an  o i l - s i d e  r o t a r y  f a c e  va lve ,  The o p e r a t i o n  

o f  such  a v a l v e  r e q u i r e s  c l o s e  synch ron i za t i on  w i t h  t h e  f u e l  

r o t a r y  v a l v e  s o  t h a t  p rope r  p i s t o n  t r a v e l  i s  achieved.  Such 

s y n c h r o n i z a t i o n  can be ach ieved  by d r i v i n g  bo th  t h e  f u e l  v a l v e  

and t h e  o i l  v a l v e  w i th  t h e  same motor ,  u s ing  a  common d r i v e  s h a f t .  

CONCLUSION 

The development o f  t h e  h igh  power h y d r a u l i c  t r a n s f o r m e r  ha s  shown 

t h a t  t h e  e x p e c t a t i o n s  f o r  t h i s  t y p e  o f  u n i t  are j u s t i f i e d ,  Weight,  

s i z e  and performance are such  t h a t  t h e  h y d r a u l i c  t r a n s f o r m e r  h a s  



Page 1 9  

d e f i n i t e  advan tages  o v e r  more conven t i ona l  methods o f  o b t a i n i n g  

h i g h  p r e s s u r e  h y d r a u l i c  power by t h e  u t i l i z a t i o n  o f  a lower  

p r e s s u r e  h y d r a u l i c  energy sou rce ,  Fur thermore ,  f u t u r e  develop- 

ments  shou ld  be a b l e  t o  g i v e  s u b s t a n t i a l  improvement o v e r  t h a t  o f  

t h e  p r e s e n t  development u n i t ,  
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