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©  Hydraulically  powered  compressor  and  hydraulic  control  and  power  system  therefor. 
  A  hydraulically  powered  compressor  (51)  has  infinitely 
variable  capacity  control  through  use  of  a  variable  displace- 
ment  hydraulic  pump  (131),  and  a  hydraulic  control  and 

power  system  (130)  provides  the  infinitely  variable  capacity 
control  with  a  proportionate  change  in  required  power. 
Components  may  be  mounted  in  an  air  duct  (67). 



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

p o w e r e d   c o m p r e s s o r ,   and  h y d r a u l i c   c o n t r o l   and  p o w e r  

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

q a s e o u s   s u b s t a n c e s ,   w h e r e i n   i n f i n i t e l y   v a r i a b l e  

c a p a c i t v   c o n t r o l   is  p r o v i d e d .  

P r i o r   a r t   c o m p r e s s o r s   f o r   c o m p r e s s i n g  

q a s e o u s   s u b s t a n c e s   (such  as  a i r ,   n i t r o a e n   o r  

m e t h a n e )   a l l   s u f f e r   from  one  m a j o r   d i s a d v a n t a g e .  

Such  p r i o r   a r t  c o m p r e s s o r s   do  no t   p r o v i d e   i n f i n i t e l y  

v a r i a b l e   c a p a c i t y   c o n t r o l   w i t h   a  p r o p o r t i o n a t e l y  

v a r i a b l e   h o r s e p o w e r   r e q u i r e m e n t .   Such  p r i o r   a r t  

c o m p r e s s o r s   have   a t t e m p t e d   to   a l l e v i a t e   t h i s  

d i s a d v a n t a g e   by  u t i l i z i n g   v a r i o u s   means   of  c a p a c i t v  
c o n t r o l   such   as  v a l v e   u n l o a d e r s   or  v a r i a b l e   or  f i x e d  

vo lume   p o c k e t s .   These   t y p e s   of  c a p a c i t y   c o n t r o l s  

a r e   l i m i t e d   in  r a n g e .   V a l v e   u n l o a d e r s   p r o v i d e   l a r g e  

c a p a c i t y   c h a n g e s   or  c a p a c i t y   " s p i k e s " .   C o m p r e s s o r s  
d r i v e n   by  r e c i p r o c a t i n g   e n a i n e s   or  t u r b i n e s   p r o v i d e  
smoo th   c a p a c i t y   c o n t r o l   o v e r   a  p o r t i o n   of  t he   s p e e d  

r a n g e   of  t he   e n g i n e   or  t u r b i n e ,   bu t   t he   e n g i n e   o r  

t u r b i n e   c a n n o t   n o r m a l l y   be  u s e d   to  o p e r a t e   t h e  

c o m p r e s s o r   when  the   s p e e d   o f   t h e   e n g i n e   or  t u r b i n e  

f a l l s   be low  50%  of  i t s   maximum  s p e e d .   Below  50% 

s p e e d   t h e s e   u n i t s   must   use   a  b y p a s s   v a l v e   w h i c h  

b y p a s s e s   t he   e x c e s s   c a p a c i t y  n o t   r e a u i r e d .   T h i s  

p r o c e s s   is  e x t r e m e l y   i n e f f i c i e n t   b e c a u s e   t h e  

h o r s e p o w e r   r e q u i r e d   does   n o t   c h a n g e .   T h i s  

i n e f f i c i e n c y   b e c o m e s   more  of   a  f a c t o r   on  c o n s t a n t  

s p e e d   c o m p r e s s o r s   w i th   no  u n l o a d e r s   or  p o c k e t s  

i n s t a l l e d .  

In  s i t u a t i o n s   s u c h   as  when  a  c o m p r e s s o r   i s  

b e i n g   u t i l i z e d   to  c o m p r e s s   and  e l e v a t e   t he   p r e s s u r e  



of  n a t u r a l   gas   f l o w i n g   f rom  a  w e l l h e a d ,   t he   f l o w  

c o n d i t i o n s   of   t h e   gas   w h i c h   is  e n t e r i n g   t h e  

c o m p r e s s o r   may  v a r y   w i d e l y .   If   s m a l l   v o l u m e s   o f  

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

n e c e s s a r y  f o r   t h e   c o m p r e s s o r   to  o p e r a t e   v e r y   s l o w l y  

in  o r d e r   to   a c t   upon  t h e   n a t u r a l   gas  to  r a i s e   i t   t o  

t h e   d e s i r e d   p r e s s u r e .   C o n v e r s l y ,   i f   a  l a r g e   v o l u m e  

of  n a t u r a l   qas   is  n a t u r a l l y   f l o w i n g   f rom  t h e  

w e l l h e a d ,   t h e   c o m p r e s s o r   m u s t   o p e r a t e   more   q u i c k l y  

to   c o m p r e s s   t h e   l a r q e r   v o l u m e   of  n a t u r a l   gas   to   t h e  

d e s i r e d   e l e v a t e d   p r e s s u r e .   Thus ,   i t   would   be  v e r y  
d e s i r a b l e   to   have   a  c o m p r e s s o r   which   is  o p e r a b l e   a t  

an  i n f i n i t e l v   v a r i a b l e   s p e e d ,   so  as  to  be  a b l e   to   b e  

o p e r a b l e   o v e r   a  wide   r a n g e   of   i n c o m i n g   gas   f l o w  

c o n d i t i o n s .  

O t h e r   d i s a d v a n t a g e s   a s s o c i a t e d   w i t h   p r i o r  

a r t  c o m p r e s s o r s   a r e   t h a t   t h e y   a re   e x t r e m e l y  

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

i n c r e a s i n g   t h e   c o s t   a s s o c i a t e d   w i th   m a n u f a c t u r i n g  

and  s e r v i c i n g   such   c o m p r e s s o r s .   P a r t i c u l a r l y   in  t h e  

c a s e   of  c o m p r e s s o r s   wh ich   may  be  u t i l i z e d   a t   r e m o t e  

w e l l h e a d   l o c a t i o n s ,   i t   is  i m p o r t a n t   t h a t   t h e  

c o m p r e s s o r   may  be  r e a d i l y   s e r v i c e d   and  r e p a i r e d .  

F u r t h e r ,   many  p r i o r   a r t   c o m p r e s s o r s   p r o v i d e   c o o l i n a  

f o r   t he   c o m p r e s s o r   a s s e m b l y ,   which   c o o l i n g   i s  

p r o v i d e d   bv  a  w a t e r   i a c k e t .   T h u s ,   such  c o m p r e s s o r s  
r e a u i r e   a  s o u r c e   of  w a t e r   or  a  c l o s e d   c o o l i n g   s y s t e m  

in  o r d e r   to  d i s s i p a t e   t he   h e a t   c a u s e d   by  t h e  

c o m p r e s s i o n   of  t he   q a s e o u s   s u b s t a n c e .   Such  a  w a t e r  

s o u r c e   may  be  u n a v a i l a b l e   a t   many  r e m o t e  

l o c a t i o n s .   A d d i t i o n a l l y ,   such   c o m p r e s s o r s   r e q u i r e  

a d d i t i o n a l   c o m p o n e n t s ,   such   as  w a t e r   pumps  w h i c h  a r e  

r e a d i l y   s u s c e p t i b l e   to  m a i n t e n a n c e  p r o b l e m s .  



A c c o r d i n g l y ,   p r i o r   to  t h e   d e v e l o p m e n t   o f  

t h e   p r e s e n t   i n v e n t i o n ,   t h e r e   h a s   been  n o  

h v d r a u l i c a l l v   p o w e r e d   c o m p r e s s o r   or  h y d r a u l i c  

c o n t r o l   and  p o w e r   s y s t e m   t h e r e f o r ,   w h i c h :   p r o v i d e s  

i n f i n i t e l y   v a r i a b l e   c a p a c i t y   c o n t r o l   w i th   a  

p r o p o r t i o n a t e l y   v a r i a b l e   h o r s e p o w e r   r e q u i r e m e n t ;   i s  

e f f i c i e n t   and  e c o n o m i c a l   in  i t s   d e s i g n ;   is  r e a d i l y  

s e r v i c e d   and  r e p a i r e d ;   and  d o e s   no t   r e q u i r e   w a t e r  

c o o l i n g .   T h e r e f o r e ,   t h e   a r t   has   s o u g h t   a  

h y d r a u l i c a l l y   p o w e r e d   c o m p r e s s o r ,   and  h y d r a u l i c  

c o n t r o l   and  power   s y s t e m   t h e r e f o r ,   w h i c h :   p r o v i d e s  

i n f i n i t e l y   v a r i a b l e   c a p a c i t y   c o n t r o l ;   is  e f f i c i e n t l y  

and  e c o n o m i c a l l y   m a n u f a c t u r e d ;   is  e a s i l y   r e a d i l y  

r e p a i r e d   and  s e r v i c e d ;   and  is  a i r   c o o l e d .  

In  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n   t h e  

f o r e g o i n g   a d v a n t a g e s   have   been   a c h i e v e d   t h r o u g h   t h e  

p r e s e n t   h v d r a u l i c a l l v   p o w e r e d   c o m p r e s s o r   a n d  

h v d r a u l i c   c o n t r o l   and  power   s y s t e m   t h e r e f o r .   T h e  

p r e s e n t   i n v e n t i o n   i n c l u d e s :   a  f i r s t   d o u b l e - a c t i n g  

p i s t o n   and  c o m p r e s s i o n   c y l i n d e r   fo r   i n i t i a l l y  

c o m p r e s s i n q   t h e   q a s e o u s   s u b s t a n c e ;   s e c o n d   d o u b l e -  

a c t i n q   p i s t o n   and  c o m p r e s s o r   c y l i n d e r   fo r   a d d i t i o n a l  

c o m p r e s s i o n   of  t h e   g a s e o u s   s u b s t a n c e ;   a  h y d r a u l i c  

power   p i s t o n   and  c y l i n d e r   d i s p o s e d   b e t w e e n   t h e   f i r s t  

and  s e c o n d   d o u b l e - a c t i n g   p i s t o n s   and  c y l i n d e r s ;   t h e  

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

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

common  e l o n g a t e   p i s t o n   r o d ;   f i r s t   p i p i n g   f o r  

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

the   f i r s t   p i s t o n   and  c o m p r e s s i o n   c y l i n d e r   to  t h e  

s e c o n d   p i s t o n   and  c o m p r e s s i o n   c y l i n d e r ;   s e c o n d  

n i p i n q   for   t r a n s f e r r i n g   the   c o m p r e s s e d   g a s e o u s  

s u b s t a n c e   from  t h e   s e c o n d   p i s t o n   and  c o m p r e s s i o n  

c y l i n d e r   to  an  e x i t   o r i f i c e ;   f i r s t   and  s e c o n d  



c o o l i n g   c o i l s   r e s p e c t i v e l y   a s s o c i a t e d   w i t h   t h e   f i r s t  

and  s e c o n d   p i p i n g   f o r   c o o l i n g   the   c o m p r e s s e d   g a s e o u s  

s u b s t a n c e ;   m e a n s   f o r   f o r c i n g   a i r   to  f low  o v e r   t h e  

f i r s t   and  s e c o n d   c o o l i n g   c o i l s ;   t he   f i r s t   and  s e c o n d  

p i s t o n s   and  c o m p r e s s i o n   c y l i n d e r s ,   power  p i s t o n   a n d  

c y l i n d e r ,   f i r s t   and  s e c o n d   p i p i n g ,   f i r s t   and  s e c o n d  

c o l l i n g   c o i l s ,   and  a i r   f o r c i n g   m e a n s ,   a l l   b e i n g  

d i s p o s e d   w i t h i n   an  a i r - c o o l i n g   d u c t   to  p r o v i d e  

c o o l i n a   t h e r e t o ;   and  means   fo r   p r o v i d i n g   i n f i n i t e l y  

v a r i a b l e   c a p a c i t v   c o n t r o l   for   the  f i r s t   and  s e c o n d  

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

c o n t r o l   means   i n c l u d i n g   a  v a r i a b l e   d i s p l a c e m e n t  

h y d r a u l i c   pump  f o r   a c t u a t i n q   the   h y d r a u l i c   p o w e r  
p i s t o n   and  c y l i n d e r ,   w h e r e b y   the   f i r s t   and  s e c o n d  

p i s t o n s   and  c o m p r e s s i o n   c y l i n d e r s   may  be  o p e r a t e d  

o v e r   a  r a n g e   of   0  to  100%  of  t h e i r   c a p a c i t y ,   w i t h   a  

p r o p o r t i o n a t e l y   v a r i a b l e   power   r e q u i r e m e n t .  

A n o t h e r   f e a t u r e   of  t he   p r e s e n t   i n v e n t i o n   i s  

t h a t   the   means   f o r   f o r c i n g   a i r   i n c l u d e s   a  fan   and  a  

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

p r e s s u r e   r e g u l a t i n q   v a l v e ,   and  a  p r e s s u r e  

c o m p e n s a t e d   f l o w   c o n t r o l   v a l v e   a s s o c i a t e d   t h e r e w i t h ,  

and  the   f low  c o n t r o l   v a l v e   is  a s s o c i a t e d   a n d  

d i s p o s e d   b e t w e e n   t h e   v a r i a b l e   d i s p l a c e m e n t   h y d r a u l i c  

pump  and  t he   m o t o r ,   w h e r e b y   the   fan  o p e r a t e s   a t   a  

c o n s t a n t   s p e e d   t o   p r o v i d e   c o o l i n g   to  t he   f i r s t   a n d  

s e c o n d   c o o l i n a   c o i l s ,   f i r s t   and  s e c o n d   p i s t o n s   a n d  

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

and  to  b low  o u t   o f   t he   a i r   c o o l i n g   d u c t   a n y  

a c c u m u l a t e d   g a s e o u s   s u b s t a n c e s .   An  a d d i t i o n a l  

f e a t u r e   of  t h e   p r e s e n t   i n v e n t i o n   is  t h a t   a  c o o l i n g  

chamber   is  p r o v i d e d   b e t w e e n   the   h y d r a u l i c   p o w e r  

p i s t o n   and  c y l i n d e r   and  each  of  t he   f i r s t   and  s e c o n d  

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



s u r r o u n d i n g   a  p o r t i o n   of  t h e   p i s t o n   rod  a n d  

i n c l u d i n g   means   f o r   d i r e c t i n g   a i r   f low  from  t h e  

means   f rom  f o r c i n g   a i r   o v e r   t h e   p i s t o n   r o d .  

A  f u r t h e r   f e a t u r e   of  t he   p r e s e n t   i n v e n t i o n  

is  t h a t   t h e   f i r s t   and  s e c o n d   p i s t o n s   and  c o m p r e s s i o n  

c y l i n d e r s   and  h y d r a u l i c   p o w e r   p i s t o n   and  c y l i n d e r  

a r e   d i s p o s e d   on  a  m o u n t i n g   p l a t e   by  means  of  t w o  

m o u n t i n q   b o l t s ,   w h e r e b y   t r a n s m i s s i o n   of  s t r e s s  

f o r c e s   to  t h e  c o m p r e s s i o n   c y l i n d e r s   and  p o w e r  

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

q r e a t l v   m i n i m i z e d .   An  a d d i t i o n a l   f e a t u r e   of  t h e  

p r e s e n t   i n v e n t i o n   is  t h a t   t h e   f i r s t   and  s e c o n d  

p i s t o n s   a r e   t h r e a d e d l v   a f f i x e d   in  a  f i r s t   d i r e c t i o n  

to  t he   p i s t o n   rod  and  a r e   s e c u r e d   to  the   p i s t o n   r o d  

by  a  l o c k i n g   member   w h i c h   is  t h r e a d e d   i n t o   t h e  

p i s t o n   rod  in  a  s e c o n d   o p p o s i t e   d i r e c t i o n .  

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

h y d r a u l i c   c o n t r o l   and  p o w e r   s y s t e m   for   a  c o m p r e s s o r  
fo r   q a s e o u s   s u b s t a n c e s   w h i c h   c o m p r e s s o r   has  f i r s t  

and  s e c o n d   d o u b l e - a c t i n g   p i s t o n s   and  c o m p r e s s i o n  

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

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

p i s t o n s ,   w h i c h   i n c l u d e s :   a  v a r i a b l e   d i s p l a c e m e n t  

h y d r a u l i c   pump  f o r   p r o v i d i n g   h y d r a u l i c   f l u i d   to   t h e  

power   p i s t o n   and  c y l i n d e r   to  r e c i p r o c a t e   t he   p o w e r  

p i s t o n   w i t h i n   i t s   c v l i n d e r ;   a  s h u t t l e   v a l v e   f o r  

a l t e r n a t i n q   t he   f low  of  h y d r a u l i c   f l u i d   f rom  t h e  

pump  i n t o   and  o u t   of  t h e   e n d s   of  the   h y d r a u l i c   p o w e r  

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

v a l v e   a s s o c i a t e d   w i t h   e a c h   end  of  t he   power  p i s t o n  

c y l i n d e r ,   t he   c h e c k   v a l v e s   b e i n a   a c t u a t e d   by  t h e  

r e c i p r o c a t i n g   m o t i o n   of   t h e   power   p i s t o n   t o  

d i s c h a r g e   h y d r a u l i c   f l u i d   f rom  t h e  r e s p e c t i v e   end  o f  

a  p i l o t   v a l v e ;   a  p i l o t   v a l v e   f o r   a c t u a t i n g   t h e  



s h u t t l e   v a l v e   in  r e s p o n s e   to   a  p r e s s u r e   d i f f e r e n t i a l  

c a u s e d   bv  t he   d i s c h a r q e   of  h y d r a u l i c   f l u i d   t h r o u g h  

one  of   t he   c a m - o p e r a t e d ,   s p r i n g   l o a d e d   c h e c k   v a l v e s ;  

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

p i p i n a   o p e r a t i v e l y   a s s o c i a t i n g   t h e   pump,  s h u t t l e  

v a l v e ,   c h e c k   v a l v e s ,   p i l o t   v a l v e ,   and  r e s e v o i r   w i t h  

one  a n o t h e r ,   w h e r e b y   upon  v a r v i n g   t h e   d i s p l a c e m e n t  

of  t h e   pump,   t he   s p e e d   of  r e c i p r o c a t i o n   of  t h e   p o w e r  

p i s t o n   is  v a r i e d .  

A  f u r t h e r   f e a t u r e   of   t h e   p r e s e n t   i n v e n t i o n  

is   t h a t   a  f low  c o n t r o l   v a l v e   may  be  o p e r a t i v e l y  
a s s o c i a t e d   w i t h   each   end  of   t h e   s h u t t l e   v a l v e   t o  

t h r o t t l e   t he   h y d r a u l i c   f l u i d   f l o w i n g   f rom  t h e   p i l o t  
v a l v e   to  e i t h e r   end  of  t he   s h u t t l e   v a l v e ,   w h e r e b y  

t h e   r e c i p r o c a t i n q   s p e e d   of  t h e   s h u t t l e   v a l v e   i s  

c o n t r o l l e d   and  h y d r a u l i c   s h o c k s   c a u s e d   by  t h e  

s h u t t l e   v a l v e   r e c i p r o c a t i n g   t o o   q u i c k l y   a r e  

c o n t r o l l e d .   An  a d d i t i o n a l   f e a t u r e   of  t h e   p r e s e n t  

i n v e n t i o n   is  t h a t   t he   b a l l   c h e c k   v a l v e s   and  f l u i d  

c o n t r o l   v a l v e s   may  he  each   o p e r a t i v e l y   a s s o c i a t e d  

w i t h   n e e d l e   v a l v e s   fo r   c r e a t i n a   a  p r e s s u r e  
d i f f e r e n t i a l   to  r e c i p r o c a t e   t h e   p i l o t   v a l v e .  

A  p r e s s u r e   r e g u l a t o r   is   i n s t a l l e d   t o  

r e a u l a t e   pump  d i s c h a r g e   p r e s s u r e   down  to  a  l o w e r  

l e v e l   fo r   t h e   c o n t r o l   s y s t e m .   T h i s   r e g u l a t o r   a l s o  

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

m o t o r .   R e g u l a t i o n   of  t he   c o n t r o l   s y s t e m   p r e s s u r e  

a s s u r e s   u n i f o r m   r e s p o n s e   t i m e s   on  a l l   n e e d l e   v a l v e s  

in  t h e   c o n t r o l   s y s t e m   as  t h e   p r e s s u r e   d i f f e r e n t i a l  

a c r o s s   t h e s e   v a l v e s   is  m a i n t a i n e d   c o n s t a n t  

r e g a r d l e s s   of  t he   pump  p r e s s u r e .  

An  a d d i t i o n a l   f e a t u r e   of   t he   p r e s e n t  

i n v e n t i o n   is  t h a t   a  p r e s s u r e   r e l i e f   v a l v e   may  b e  

o p e r a t i v e l y   a s s o c i a t e d   w i t h   t h e   pump,  w h e r e b y   a n  



e x c e s s i v e   p r e s s u r e   b u i l d - u p   w i t h i n   t h e   p i p i n g   o r  

e i t h e r   c o m p r e s s i o n   c y l i n d e r   is  s a f e l y   r e l i e v e d .  

A n o t h e r   f e a t u r e   of  t h e   p r e s e n t   i n v e n t i o n   i s   t h a t   a  

p r e s s u r e   c o m p e n s a t e d   f l o w   c o n t r o l   v a l v e   a n d  

d i s t r i b u t i o n   b l o c k   may  be  o p e r a t i v e l y   a s s o c i a t e d  

w i t h   t h e   pump  and  p i p i n g   to  p r o v i d e   l u b r i c a t i n g  

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

p i s t o n   rod  for   t h e   d o u b l e - a c t i n g   p i s t o n .  

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

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

p r e s e n t   i n v e n t i o n ,   when  c o m p a r e d   w i t h   p r e v i o u s l y  

p r i o r   a r t   c o m p r e s s o r s   has   t he   a d v a n t a g e s :   o f  

p r o v i d i n g   i n f i n i t e l v   v a r i a b l e   c a p a c i t y   c o n t r o l   w i t h  

d i r e c t l y   a s s o c i a t e d   h o r s e p o w e r   r e q u i r e m e n t s ;   i s  

e f f i c i e n t l v   and  e c o n o m i c a l l y   m a n u f a c t u r e d ;   i s  

r e a d i l y   r e p a i r e d   and  s e r v i c e d ;   and  p r o v i d e s   a i r  

c o o l i n g   of  the   v a r i o u s   c o m p o n e n t s   of  t h e   c o m p r e s s o r .  

B r i e f   D e s c r i p t i o n   of  t he   D r a w i n g s  

In  t he   d r a w i n g s :  

FIG.  1  is  a  p a r t i a l   c r o s s - s e c t i o n a l   v i e w  

a l o n g   t he   l o n g i t u d i n a l   a x i s   of  a  c o m p r e s s o r   i n  

a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n ;  

FIG.  2  is  an  e n l a r g e d ,   p a r t i a l   c r o s s -  

s e c t i o n a l   view  a l o n a   t h e   a x i s   of  a  c o m p r e s s o r   i n  

a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n ;  

FIG.  3  is  a  s c h e m a t i c   h y d r a u l i c   f l o w  

d i a g r a m   of  an  e x e m p l a r v   h y d r a u l i c   c o n t r o l   and  p o w e r  

s y s t e m   in  a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n ;  

FIG.  4  is  a  s c h e m a t i c   f low  d i a g r a m   of  t h e  

g a s e o u s   s u b s t a n c e   to  b e  c o m p r e s s e d   in  a c c o r d a n c e  

w i t h  t h e   p r e s e n t   i n v e n t i o n ;  a n d  



FIG.   5  is  a  s c h e m a t i c   l i k e   FIG.   3  o n l y  

s h o w i n q   an  a l t e r n a t i v e   e m b o d i m e n t   of  a  h y d r a u l i c  

c o n t r o l   and  power  s y s t e m   a c c o r d i n g   to  t h e   p r e s e n t  

i n v e n t i o n .  

W h i l e   t he   i n v e n t i o n   w i l l   be  d e s c r i b e d   i n  

c o n n e c t i o n   w i t h   t h e   p r e f e r r e d   e m b o d i m e n t ,   i t   w i l l   b e  

u n d e r s t o o d   t h a t   i t   is  no t   i n t e n d e d   to  l i m i t   t h e  

i n v e n t i o n   to  t h a t   e m b o d i m e n t .   On  the   c o n t r a r y ,   i t  

i s   i n t e n d e d   to  c o v e r   a l l   a l t e r n a t i v e s ,  

m o d i f i c a t i o n s ,   and  e q u i v a l e n t s   as  may  be  i n c l u d e d  

w i t h i n   t he   s p i r i t   and  s c o p e   of  t h e   i n v e n t i o n   a s  
d e f i n e d   by  t he   a p p e n d e d   c l a i m s .  

D e t a i l e d   D e s c r i p t i o n   of  t h e   I n v e n t i o n  

In  FIG.  1,  t h e   h y d r a u l i c a l l y   p o w e r e d  

c o m p r e s s o r   51  of  t h e   p r e s e n t   i n v e n t i o n   f o r  e l e v a t i n g  

t h e   p r e s s u r e   of  g a s e o u s   s u b s t a n c e s ,   such   as  a i r ,  

n i t r o q e n ,   or  m e t h a n e   is  shown.   C o m p r e s s o r   51 

q e n e r a l y   i n c l u d e s   a  f i r s t   d o u b l e - a c t i n g   p i s t o n   52 

and  c o m p r e s s i o n   c y l i n d e r   53  which   i n i t i a l l y   c o m p r e s s  
t h e   q a s e o u s   s u b s t a n c e s   (no t   s h o w n ) ,   as  w i l l   b e  

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

54  and  c o m p r e s s i o n   c y l i n d e r   55  wh ich   p r o v i d e   t h e  

s e c o n d   s t a g e   of  c o m p r e s s i o n ,   as  w i l l   be  h e r e i n a f t e r  

d e s c r i b e d ;   and  a  h y d r a u l i c   power  p i s t o n   56  a n d  

c y l i n d e r   57,  which   p o w e r   p i s t o n   56  and  c y l i n d e r   57  

a r e   d i s p o s e d   b e t w e e n   t h e   f i r s t   and  s e c o n d   d o u b l e -  

a c t i n g   p i s t o n s   52,  54  and  c y l i n d e r s   53,  55.   As  s e e n  

in  FIG.  I ,   t h e   f i r s t   and  s e c o n d   d o u b l e - a c t i n g  

p i s t o n s   52,   54  and  t h e   h y d r a u l i c   power   p i s t o n   56  a r e  

each   m o u n t e d   upon  a  common  e l o n g a t e   p i s t o n   r o d  5 8 ,  

w h e r e b v   the   l o n g i t u d i n a l   a x e s   of  t he   c y l i n d e r s   5 3 ,  

55,   57,  a re   a l i g n e d   a x i a l l y .   The  f o r e g o i n g  

d e s c r i b e d   c o m p o n e n t s   of  c o m p r e s s o r   51  may  b e  



m a n u f a c t u r e d   of  any  s u i t a b l e   m a t e r i a l   h a v i n g   t h e  

r e q u i s i t e   s t r e n g t h   c h a r a c t e r i s t i c s ;   h o w e v e r ,   f o r  

e a s e   of  a s s e m b l y   and  e c o n o m y   in  m a n u f a c t u r e ,  

c y l i n d e r s   53,  55,  and  57  a re   p r e f e r a b l y   m a n u f a c t u r e d  

from  c o m m e r c i a l l y   a v a i l a b l e   d r a w n - o v e r   m a n d r e l   s t e e l  

t u b i n g ,   w h i c h   is  r e a d i l y   and  e c o n o m i c a l l y  

a v a i l a b l e .   As  i s   c u s t o m a r y   in  the   d e s i g n   of  t w o -  

s t a q e   c o m p r e s s o r s ,   t h e   d i a m e t e r   of  t h e   s e c o n d  

c o m p r e s s i o n   c y l i n d e r   55  is  s m a l l e r   t h a n   t h a t   of  t h e  

f i r s t   c o m p r e s s i o n   c y l i n d e r   53,  in  o r d e r   to  p r o v i d e  

for   t h e   s e c o n d   s t a g e   of  c o m p r e s s i o n   of  t he   g a s e o u s  
s u b s t a n c e .   Of  c o u r s e ,   i f   d e s i r e d ,   t h e   d i a m e t e r   o f  

t he   s e c o n d   c o m p r e s s i o n   c y l i n d e r   55  c o u l d   be  t h e   s a m e  

as  t h e   d i a m e t e r   of   t h e   f i r s t   c o m p r e s s i o n   c y l i n d e r  

53,  in  o r d e r   to   p r o v i d e   a  o n e - s t a g e   c o m p r e s s o r .  
S u i t a b l e   p i p i n g   c o n n e c t i o n s   w o u l d   be  p r o v i d e d  

w h e r e b y   the   i n l e t   g a s e o u s   s u b s t a n c e   e n t e r s   b o t h  

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

and  t he   c o m p r e s s e d   gas   e x i t s   i n t o   a  common  d i s c h a r g e  

m a n i f o l d   i n t o   t h e   c o o l i n q   means   to  be  h e r e i n a f t e r  

d e s c r i b e d .   L i k e w i s e ,  b y   use  of  s t e e p l e   d e s i g n  

c y l i n d e r s ,   up  to  f o u r   s t a g e s   of  c o m p r e s s i o n   c o u l d   b e  

o b t a i n e d .  

S t i l l   w i t h   r e f e r e n c e   to  FIG.   1,  i t   is  s e e n  

t h a t   c o m p r e s s o r   51  of  t h e   p r e s e n t   i n v e n t i o n   a l s o  

a e n e r a l l v   i n c l u d e s   f i r s t   p i p i n g   59  ( f o r   e a s e   o f  

i l l u s t r a t i o n ,   shown  in  d o t t e d   l i n e s )   f o r  

t r a n s f e r r i n g   c o m p r e s s e d   q a s  f r o m   t h e   f i r s t   p i s t o n  

and  c o m p r e s s i o n   c y l i n d e r   52,   53  to  t h e   s e c o n d   p i s t o n  

and  c o m p r e s s i o n   c y l i n d e r   54,  55.  S e c o n d   p i p i n g   60 

( a l s o   shown  in  d o t t e d   l i n e s   fo r   e a s e   o f  

i l l u s t r a t i o n )   is  p r o v i d e d   fo r   t r a n s f e r r i n g  

c o m p r e s s e d   gas   f r o m   t h e  s e c o n d   p i s t o n   a n d  

c o m p r e s s i o n   c y l i n d e r   54,  55  to  an  e x i t   o r i f i c e ,  



shown  g e n e r a l l y   at  6] .   I t   s h o u l d   be  u n d e r s t o o d   t h a t  

upon   the   q a s e o u s   s u b s t a n c e   b e i n g   c o m p r e s s e d   a n d  

e l e v a t e d   to  an  i n c r e a s e d   p r e s s u r e ,   t he   g a s e o u s  
s u b s t a n c e   e x i t i n g   c o m p r e s s o r   51  a t   e x i t   o r i f i c e   61 

may  be  p i p e d   to  w h a t e v e r   l o c a t i o n   a n d / o r   use  i s  

d e s i r e d ,   s u c h   as  a  s t o r a g e   t a n k ,   or  p i p e   l i n e ,   e t c .  

Wi th   r e f e r e n c e   to   FIG.   1,  i t   is  s e e n   t h a t  

t h e r e   a re   f i r s t   and  s e c o n d   c o o l i n g   c o i l s   62,  63 

a s s o c i a t e d   w i t h   the  f i r s t   and  s e c o n d   p i p i n g   59,  60 

f o r   c o o l i n g   t he   c o m p r e s s e d   g a s e o u s   s u b s t a n c e .   A s  

s e e n   in  FIG.   1,  f i r s t   c o o l i n g   c o i l ,   or  i n t e r c o o l e r ,  

62  is  d i s p o s e d   i n t e r m e d i a t e   t h e   e n d s   of  f i r s t   p i p i n g  

59,  and  t h e   s e c o n d   c o o l i n g   c o i l s ,   or  a f t e r c o o l e r ,   63 

is   d i s p o s e d   i n t e r m e d i a t e   t he   e n d s   of  s e c o n d   p i p i n g  

60.  C o m p r e s s o r   51  is  f u r t h e r   p r o v i d e d   wi th   a  m e a n s  

f o r   f o r c i n a   64  a i r   to  f low  o v e r   t h e   f i r s t   and  s e c o n d  

c o o l i n g  c o i l s   62 ,   63.  P r e f e r a b l v   t h e   means   f o r  

f o r c i n g   a i r   64  i n c l u d e s   a  p l u r a l i t y   of  fan  b l a d e s  

65,  wh ich   a r e   r o t a t e d   by  a  h y d r a u l i c   m o t o r   66.  O f  

c o u r s e ,   a d d i t i o n a l   c o o l i n g   c o i l s   c o u l d   be  p r o v i d e d ,  

i f   n e c e s s a r y ,   as  we l l   as  a  t h e r m o s t a t   to  c o n t r o l   t h e  

o p e r a t i o n   of   t h e   fan   d e p e n d e n t   upon   a m b i e n t  

t e m p e r a t u r e s .   As  s e e n   in  FIG.   1,  t he   f i r s t   a n d  

s e c o n d   p i s t o n s   and  c o m p r e s s i o n   c y l i n d e r s   5 2 - 5 5 ,  

power   p i s t o n   and  c y l i n d e r   56,   57 ,   f i r s t   and  s e c o n d  

p i p i n g   59,  60,  f i r s t   and  s e c o n d   c o o l i n g   c o i l s   6 2 ,  

63 ,   and  a i r   f o r c i n g   means   64  a r e   p r e f e r a b l y   d i s p o s e d  

w i t h i n   an  a i r - c o o l i n g   d u c t   67,  w h i c h   e x t e n d s   t h e  

l e n q t h   of  c o m p r e s s o r   51.  A i r - c o o l i n g   d u c t . 6 7   may  b e  

m a n u f a c t u r e d   of  any  s u i t a b l e   m a t e r i a l ,   such   as  s h e e t  

m e t a l ,   and  may  have  any  s u i t a b l e   c r o s s - s e c t i o n a l  

c o n f i g u r a t i o n ,   such   as  c i r c u l a r ,   U - s h a p e d   or  s q u a r e ,  

e t c . ,   so  l o n g   a s  i t   s e r v e s   to   c o n f i n e  t h e   a i r   f l o w  

g e n e r a t e d   by  a i r   f o r c i n g   m e a n s   64  to  p a s s   a c r o s s  



c o o l i n q   c o i l s   62  and  63  and  the   o t h e r   c o m p o n e n t s   o f  

c o m p r e s s o r   51.  S h o u l d   any  l e a k s   d e v e l o p   i n  

c o m p r e s s o r   51,  t h e   c o n s t a n t   a i r   f low  f rom  fan   b l a d e s  

65  w i l l   e x h a u s t   any  a c c u m u l a t i o n   of  g a s .  

A i r - c o o l i n g   d u c t   67  a l s o   s e r v e s   t h e  

f u n c t i o n   of  p r o t e c t i n g   t h e   v a r i o u s   c o m p o n e n t s   o f  

c o m p r e s s o r   51  from  t h e   e l e m e n t s   and  a d v e r s e  

e n v i r o n m e n t a l   c o n d i t i o n s .   T h u s ,   upon  h y d r a u l i c  

f l u i d   b e i n a   s u p p l i e d   to  h y d r a u l i c   m o t o r   66  of  a i r  

f o r c i n g   means   64,  fan   b l a d e s   65  w i l l   be  c a u s e d   t o  

r o t a t e   and  w i l l   s u c k   a i r   i n t o   a i r - c o o l i n g   d u c t   6 7 ,  

w h i c h   a i r   w i l l   p a s s   o v e r   c o o l i n g   c o i l s   62  and  63,  a s  

w e l l   as  p a s s   f rom  r i g h t   to  l e f t   as  shown  in   FIG.   1 ,  
down  a i r - c o o l i n g   d u c t   67  o v e r   a l l   of   t h e   o t h e r  

c o m p o n e n t s   of  c o m p r e s s o r   51.  T h u s ,   as  gas   w h i c h   h a s  

b e e n   c o m p r e s s e d   in  t h e   f i r s t   s t a q e   p i s t o n   a n d  

c o m p r e s s i o n   c y l i n d e r   52,   53  p a s s e s   down  p i p i n g   59  t o  

i n t e r c o o l e r   62,  a i r   f l o w   from  fan  b l a d e s   65  w i l l  

d i s s i p a t e   t he   h e a t   in  t h e   gas   c a u s e d   by  i t s  

c o m p r e s s i o n   t h e r e o f   as   t h e   gas  f l o w s   t h r o u g h  

i n t e r c o o l e r   62  and  a f t e r c o o l e r   63.  A  c o o l i n q   c o i l  

f o r   t h e   h y d r a u l i c   o i l   may  a l s o   be  i n s t a l l e d   in  a i r  

c o o l i n a   d u c t   67  to  r e d u c e   the   h y d r a u l i c   o i l  

o p e r a t i n o   t e m p e r a t u r e   i f   r e q u i r e d .  

With   r e f e r e n c e   to   FIGS.  1  and  2,  i t   i s   s e e n  

t h a t   c o m p r e s s o r   51  is  p r o v i d e d   w i t h   c o o l i n g   c h a m b e r s  

68 ,   69 .   C o o l i n g   c h a m b e r   68,  wi th   p a r t i c u l a r  

r e f e r e n c e   to  FIG.  2,  is  d i s p o s e d   b e t w e e n   f i r s t - s t a g e  

p i s t o n   and  c y l i n d e r   52 ,   53  and  h y d r a u l i c   p o w e r  

p i s t o n   and  c y l i n d e r   56,  57;  and  c o o l i n g   c h a m b e r   69 

is   d i s p o s e d   b e t w e e n   h y d r a u l i c   power  p i s t o n   a n d  

c y l i n d e r   56,  57  and  s e c o n d   s t a g e   p i s t o n   and  c y l i n d e r  

54,   55.   The  c o o l i n q   c h a m b e r s   68,  69  e a c h   s u r r o u n d  a  

p o r t i o n   of  p i s t o n   rod  58  and  i n c l u d e   m e a n s   f o r  



d i r e c t i n g   to  a i r   f l o w ,   f rom  t he   m e a n s   f o r   f o r c i n g  

a i r   64,  o v e r   p i s t o n   rod  58.  P r e f e r a b l y ,   t h e   m e a n s  

fo r   d i r e c t i n g   a i r   f low  70  c o m p r i s e s   a  p i p e   e l b o w ,   o r  

d u c t ,   71 ,   w h i c h   d i r e c t s   a i r   from  fan   b l a d e s   65  t o  

f low  i n w a r d l y   i n t o   c o o l i n g   c h a m b e r s   68  and  6 9 .  

C o o l i n g   c h a m b e r s   68,  69  e a c h   have   s u i t a b l e   o p e n i n g s  

(not   shown)   to  a l l o w   t h e   a i r   f rom  d u c t s   71  to  b e  

v e n t e d   ou t   of  t h e   c o o l i n g   c h a m b e r s   68,   69.  T h u s ,  
a d d i t i o n a l   h e a t   g e n e r a t e d   d u r i n g   o p e r a t i o n   o f  

c o m p r e s s o r   51  may  be  d i s s i p a t e d   v i a   c o n v e c t i o n   i n  

c o o l i n q   c h a m b e r s   68,  6 9 .  

S t i l l   w i t h   r e f e r e n c e   to  F IGS .   1  and  2,  i t  

is  s e e n   t h a t   e a c h   c v l i n d e r   53,  55  and  57,  i s  

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

m e m b e r s .   F i r s t   s t a g e   c y l i n d e r   53  is  p r o v i d e d   w i t h  

f i r s t   and  s e c o n d   h e a d e r   m e m b e r s   72,  73;   h y d r a u l i c  

c y l i n d e r   57  is  p r o v i d e d   w i t h   f i r s t   and  s e c o n d   h e a d e r  

m e m b e r s   74,  75;  and  s e c o n d   s t a g e   c o m p r e s s i o n  

c y l i n d e r   55  is  p r o v i d e d   w i t h   f i r s t   and  s e c o n d   h e a d e r  

m e m b e r s   76,  77.   Each  s e t   of  h e a d e r   m e m b e r s   a n d  

c o m p r e s s i o n   c y l i n d e r s   72 ,   73,   53;  74 ,   75,  57;  a n d  

76,   77,   and  55,  a re   h e l d   t o g e t h e r   by  a  p l u r a l i t y   o f  

e l o n g a t e   t i e   r o d s   (no t   shown  fo r   c l a r i t y   o f  

i l l u s t r a t i o n   p u r p o s e s )   w h e r e b y   t h e   v a r i o u s  

c o m p o n e n t s   of  c o m p r e s s o r   51  may  be  r e a d i l y   a s s e m b l e d  

and  d i s a s s e m b l e d   f o r   s e r v i c i n g .   As  shown  in  d e t a i l  

in  FIG.  2,  each   c y l i n d e r   end  is   s e a l e d   a g a i n s t   i t s  

r e s p e c t i v e   h e a d e r   m e m b e r s   by  an  0 - r i n g   s e a l   50  w h i c h  

c o n t a c t s   t h e   i n n e r   s u r f a c e   of  e a c h   c y l i n d e r .  

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

h e a d e r   member  upon  w h i c h   gas  p r e s s u r e   a c t s   upon  i s  

r e d u c e d ,   w h e r e b y   t h e   s t r e s s e s   on  t h e   c o n n e c t i n g   t i e  

r o d s   f o r   e a c h   s e t  o f  h e a d e r   m e m b e r s   i s   l i k e w i s e  

r e d u c e d .  



With  r e f e r e n c e  t o   FIGS.  1  and  2,  i t   is   s e e n  

t h a t   c o o l i n q   c h a m b e r s   68 ,   69  a re   fo rmed   by  an  o u t e r  

h o u s i n q   member   78 ,   78 '   and  h e a d e r   members   79,  7 9 ' .  

F o u s i n q s   7R,  7 8 '   may  have   any  c r o s s - s e c t i o n a l  

c o n f i g u r a t i o n ;   h o w e v e r ,   h o u s i n g   members   7 8 ,  7 8 '  

p r e f e r a b l y   h a v e   a  c i r c u l a r   c r o s s - s e c t i o n a l  

c o n f i q u r a t i o n .   H o u s i n g   member  78  is  r e c e i v e d   i n t o  

h e a d e r   member  73  as   by  g r o o v e   80,  as  s een   in  FIG.   2 ,  

and  is  r e c e i v e d   i n t o   h e a d e r   member  79  as  shown  a t  

81.  The  c o n s t r u c t i o n   of  h o u s i n g   member  78'   a n d  

h e a d e r   member  79 '   i s   t h e   same  as  t h a t   p r e v i o u s l y  

d e s c r i b e d   fo r   h o u s i n g   member  78  and  h e a d e r   m e m b e r  

79.  F u r t h e r   w i t h   r e f e r e n c e   to  FIGS.  1  and  2,  i t   i s  

seen   t h a t   h e a d e r   m e m b e r s   79,   79 '   are   a t t a c h e d   t o  

h e a d e r   m e m b e r s   74 ,   75  of  power  c y l i n d e r   57,  as  by  a  

p l u r a l i t v  o f   b o l t s ,   or  t i e   r o d s ,   8 2 .  

S t i l l   w i t h  r e f e r e n c e   to   FIGS.  1  and  2,  i t  

is  s een   t h a t   a l l   t h e   p r e v i o u s l y   d e s c r i b e d   c o m p o n e n t s  

of  c o m p r e s s o r   51  a r e   d i s p o s e d   upon  a  m o u n t i n g   p l a t e  

83  which   r e s t s   u p o n   t h e   e a r t h ' s   s u r f a c e   84  or  a n y  
o t h e r   s u i t a b l e   s t r u c t u r e ,   such  as  a  p o r t a b l e  s k i d .  

Air   f o r c i n g   m e a n s   64  is  f i x e d l y   s e c u r e d   to  m o u n t i n g  

p l a t e   83  as  by  a  v e r t i c a l   b r a c e   85,  and  c o o l i n g  

c o i l s   62,  63  a r e   p r o v i d e d   w i t h   any  s u i t a b l e   b a s e  

members   86  w h i c h   a r e   s e c u r e d   to  m o u n t i n q   p l a t e   83  i n  

any  c o n v e n t i o n a l   m a n n e r .   The  f i r s t   s t a g e   p i s t o n   a n d  

c y l i n d e r   52,   53 ,   s e c o n d   s t a g e   p i s t o n   and  c y l i n d e r  

54,  55,  and  t h e   h y d r a u l i c   power  p i s t o n   and  c y l i n d e r  

56,  57  a re   d i s p o s e d   on  m o u n t i n g   p l a t e   83  v i a   t w o  

b o l t s   87,  88  w h i c h   p a s s   t h r o u g h   d e p e n d i n g   f l a n g e s  

8 9 ,  9 0   a f f i x e d   to   h o u s i n g   members   7 8 ,  7 8 '   of  c o o l i n g  

c h a m b e r s   68,   69 ,   w h i c h   f l a n g e s   8 9 ,  9 0   a re   r e c e i v e d  

in  m o u n t i n g   l u g s   91  and  92  s e c u r e d   to  m o u n t i n g   p l a t e  

83.  A c c o r d i n g l y ,   t h e   f o r e g o i n g   c o m p r e s s o r  



c o m p o n e n t s   of  c o m p r e s s o r   51  have  a  t w o - p o i n t  

m o u n t i n g   s y s t e m ,   w h e r e b y   t r a n s m i s s i o n   of   s t r e s s  

f o r c e s   to   t he   c o m p r e s s i o n   c y l i n d e r s   53,   55  and  p o w e r  

c y l i n d e r   57  f rom  t h e   m o u n t i n g   p l a t e   83  is   g r e a t l y  

m i n i m i z e d .   T h i s   t w o - p o i n t   m o u n t i n g   s y s t e m   a l l o w s   a  

c e r t a i n   amoun t   of  f l e x i n q   and  m o v e m e n t   b e t w e e n   t h e  

v a r i o u s   c o m p o n e n t s   of  c o m p r e s s o r   51,  w h i c h   is   n o t  

d e t r i m e n t a l   to  t h e   o p e r a t i o n   of  c o m p r e s s o r   51,  a n d  

p r o v i d e s   f o r  a   v e r v   s i m p l e ,   e c o n o m i c a l ,   a n d  

e f f i c i e n t   s y s t e m   fo r   m o u n t i n g   the   v a r i o u s   c o m p o n e n t s  

of  c o m p r e s s o r   51  to  m o u n t i n q   p l a t e   8 3 .  

As  shown  in  FIG.   1,  and  p a r t i c u l a r l y   i n  

FIG.   2,  b o t h   the   f i r s t   s t a g e   c y l i n d e r   53  and  s e c o n d  

s t a g e   c v l i n d e r   55  a re   s e a l e d   where  p i s t o n   rod   58 

;  e n t e r s   c y l i n d e r s   53  and  55.  A  rod  p a c k i n g   93  i s  

p r o v i d e d   in  h e a d e r   member   73,  and  an  i d e n t i c a l   r o d  

p a c k i n g   94  is  p r o v i d e d   in  h e a d e r   member   76 .   H e a d e r  

m e m b e r s   73  and  76  a r e   e a c h   p r o v i d e d   w i t h   a  

l u b r i c a t i o n   c o n n e c t i o n   p a s s a g e w a y ,   or  d u c t   95 ,   96  

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

p a c k i n g s   93  and  94  to  l u b r i c a t e   t h e   p a c k i n g s   9 3  a n d  

94  and  t h e   p a c k i n c t   h o u s i n g   which   a l s o   s u p p o r t   t h e  

p i s t o n   r o d   58.  The  t r a n s m i s s i o n   of  t h e   h y d r a u l i c ,  

l u b r i c a t i o n   f l u i d   t h r o u q h   d u c t s   95,  96  w i l l   b e  

h e r e i n a f t e r   d e s c r i b e d   w i t h   r e f e r e n c e   t o   F IG .   3 .  

Wi th   r e f e r e n c e   to   FIG.  1,  t h e   c o n s t r u c t i o n  

of  t h e   f i r s t   and  s e c o n d   s t a g e   p i s t o n s   52 ,   and  54 

w i l l   be  d e s c r i b e d .   P i s t o n s   52  and  54  a r e   s e a l e d  

a q a i n s t   t h e   i n t e r i o r   s u r f a c e   of  c y l i n d e r s   53,   55  b y  

)  a  p l u r a l i t y   of  p o l y t e t r a f l u o r o e t h y l e n e   (PTFE)  p i s t o n  

r i n g s   97  wh ich   a r e   m o u n t e d   in  a  p l u r a l i t y   of   g r o o v e  

98  f o r m e d   in  t h e   o u t e r   s u r f a c e   of  p i s t o n s   52,  5 4 .  

The  PTFE  r i n g s   97  s u p p o r t   p i s t o n s   52  and  54  w i t h i n  

c y l i n d e r s   53,  55,  w h e r e b y   the   o u t e r   s u r f a c e   o f  



p i s t o n s   52,  54  do  no t   c o n t a c t   t he   i n t e r i o r   s u r f a c e  

of   c y l i n d e r s   53,  55.  A c c o r d i n g l y ,   p i s t o n s   52  and  54 

may  be  r e c i p r o c a t e d   w i t h i n   t h e   c y l i n d e r s   53,  55  

w i t h o u t   any  l u b r i c a t i o n   b e i n g   p r o v i d e d   to  c y l i n d e r s  

53,  55.  If  c o m p r e s s o r   51  is  b e i n g   u t i l i z e d   t o  

c o m p r e s s   and  e l e v a t e   t h e   p r e s s u r e   of  c e r t a i n   t y p e s  
of  wet  g a s e o u s   s u b s t a n c e s ,   w h e r e i n   l u b r i c a t i o n   i s  

d e s i r e d   w i t h i n   t h e   f i r s t   and  s e c o n d   s t a g e   p i s t o n s  

and  c y l i n d e r - 5 2 - 5 5 ,   h y d r a u l i c   l u b r i c a t i n g   o i l   can   b e  

p r o v i d e d   v i a   l u b r i c a t i o n   c o n n e c t i o n s   99  fo r   c y l i n d e r  

53  and  100  for   c y l i n d e r   55.  S u i t a b l e   p i p i n g   ( n o t  

s h o w n )   is  p r o v i d e d   f o r   t r a n s m i t t i n g   t he   h y d r a u l i c  

f l u i d   to  the  l u b r i c a t i o n   c o n n e c t i o n s   99,  100 ,   a s  
w i l l   he  h e r e i n a f t e r   d e s c r i b e d   w i t h   r e g a r d   to  FIG.   3 .  

An  i m p o r t a n t   s a f e t v   f e a t u r e   of  the   p r e s e n t  

i n v e n t i o n   is  t h a t   p i s t o n s   52,  54  a r e   f i x e d l y   s e c u r e d  

to  p i s t o n   rod  58  as  by  a  t h r e a d e d   c o n n e c t i o n   1 0 1  

( f o r   e a s e   of  d e s c r i p t i o n ,   t h e   t h r e a d e d   c o n n e c t i o n  

f o r   p i s t o n   52  is  i l l u s t r a t e d   and  i t   is  i d e n t i c a l   t o  

t h a t   u t i l i z e d   fo r   p i s t o n   5 4 ) .   P e f e r a b l y ,   t h r e a d e d  

c o n n e c t i o n   101  has  a  f i r s t   t h r e a d   d i r e c t i o n ,  

p r e f e r a b l y   as  by  r i g h t - h a n d   t h r e a d s .   A  l o c k i n g  

m e m b e r ,   or  s o c k e t   h e a d   cap   s c r e w ,   102  is  t h r e a d e d l y  

r e c e i v e d   i n t o   t h e   o u t e r   s u r f a c e   of   p i s t o n   52  u n t i l  

i t   e n g a q e s   the   end  of  p i s t o n   rod  58.  L o c k i n g   m e m b e r  

102  is  t h r e a d e d   t h r o u g h   p i s t o n   52  i n t o   p i s t o n   rod  58 

in  a  s e c o n d   o p p o s i t e   d i r e c t i o n .   L o c k i n g   member  1 0 2  

and  i t s   m a t i n g   s u r f a c e   in  p i s t o n   52  is  p r e f e r a b l y  

p r o v i d e d   wi th   l e f t - h a n d   t h r e a d s .   A c c o r d i n g l y ,   t h e  

p o s s i b i l i t y  o f   t h e   p i s t o n s   52,  54  b e c o m i n g  

d i s e n g a g e d   from  p i s t o n   rod   58  f rom  v i b r a t i o n a l  

f o r c e s   is  a r e a t l v   r e d u c e d .   S i n c e   s e v e r e   damage   t o  

c o m p r e s s o r   51  a n d / o r   p e r s o n n e l   i n  t h e   v i c i n i t y   o f  

c o m p r e s s o r   51  can  r e s u l t   when  a  p i s t o n   comes  l o o s e  



from  p i s t o n   rod   58,  t h e   s a f e t y   a s p e c t s   of  c o m p r e s s o r  
51  a re   g r e a t l y   e n h a n c e d .  

H v d r a u l i c   power   p i s t o n   56  is  l i k e w i s e  

p r o v i d e d   w i t h   s u i t a b l e   s e a l s   103  d i s p o s e d   in  g r o o v e s  
in  the   o u t e r   s u r f a c e   of  p i s t o n   56,  in  a  m a n n e r  

s i m i l a r   to  p i s t o n s   52  and  54.  I t   s h o u l d   be  n o t e d  

t h a t   i f   no  l u b r i c a t i o n   f l u i d   is  f ed   t h r o u g h  

l u b r i c a t i o n   c o n n e c t i o n s   95  and  96  f o r   p i s t o n   r o d  

p a c k i n q   93  and  94,   a d e q u a t e   l u b r i c a t i o n   o i l   w i l l   b e  

s u p p l i e d   by  h y d r a u l i c   f l u i d   l e f t   on  p i s t o n   rod  58  a s  

p i s t o n   rod  58  r e c i p r o c a t e s   p a s t   t h e   s e a l s   104  f o r  

power   c y l i n d e r   57  d i s p o s e d   in  h e a d e r   m e m b e r s   74  a n d  

7 5 .  

Wi th   r e f e r e n c e   to  FIGS.   1  and  2,  t h e   p i p i n g  

and  v a l v i n g   c o n n e c t i o n s   for   the   h y d r a u l i c   f l u i d   ( n o t  

shown)  of   c o m p r e s s o r   51  w i l l   be  d e s c r i b e d .  

H v d r a u l i c   power   p i s t o n   and  c y l i n d e r   56,  57  a r e  

p r o v i d e d   w i t h   h y d r a u l i c   f l u i d   f e ed   and  d i s c h a r g e  

p o r t s   105  d i s p o s e d   in  power   c y l i n d e r   h e a d e r   m e m b e r s  

74,  75.   P a l l   c h e c k   v a l v e s   106  and  107  a r e  

a l t e r n a t e l y   o p e n e d   upon  power  p i s t o n   56  b e i n g  

r e c i p r o c a t e d   w i t h i n   c y l i n d e r   57.  Wi th   p a r t i c u l a r  

r e f e r e n c e   to   FIG.   2,  i t   is  s een   t h a t   power   p i s t o n   5 6  

i n c l u d e s   t u b u l a r   c a m m i n q   members   108  and  1 0 8 '  

d i s p o s e d   on  e i t h e r   s i d e   of  p i s t o n   56.  As  p i s t o n   56 

r e c i p r o c a t e s   w i t h i n   c y l i n d e r   57,  camming   member  108  

w i l l   e n g a g e   and  o p e n   c a m - o p e r a t e d ,   s p r i n g   l o a d e d  

b a l l   c h e c k   v a l v e   1 0 6 ,   and  camming  member  1 0 8 '   w i l l  

l i k e w i s e   e n g a g e   and  o p e n   the   o t h e r   c h e c k   v a l v e   1 0 7 ,  

as  w i l l   be  h e r e i n a f t e r   d e s c r i b e d   in  g r e a t e r  

d e t a i l .   The  o p e n i n g   of  t he   c a m - o p e r a t e d   c h e c k .  

v a l v e s   1 0 6 ,   107  c r e a t e   a  p r e s s u r e   d i f f e r e n t i a l   t o  

r e c i p r o c a t e   p i l o t   v a l v e   133  to  be  h e r e i n a f t e r  

d e s c r i b e d .  



With   r e f e r e n c e   to   FIGS.   1  and  4,  the   f l o w  

d i a g r a m   f o r   t he   g a s e o u s   s u b s t a n c e   to  be  c o m p r e s s e d  

w i l l   be  d e s c r i b e d   in  g r e a t e r   d e t a i l .   The  g a s e o u s  
s u b s t a n c e   to  be  c o m p r e s s e d ,   w h i c h   may  come  f rom  a  

w e l l h e a d ,   s t o r a g e   t a n k ,   e t c . ,   may  f i r s t   p a s s   t h r o u q h  

a  c o n v e n t i o n a l ,   o p t i o n a l   s c r u b b e r   u n i t   1 0 9 ,   as  s e e n  

in  FIG.   4.  From  t h e   s c r u b b e r   u n i t   109 ,   t he   g a s  

p a s s e s   v i a   p i p i n q   ( shown   s c h e m a t i c a l l y   as  110  i n  

FTG.  4)  i n t o   the  f i r s t   c o m p r e s s o r   s t a g e   c y l i n d e r   53 

v i a   i n l e t   m a n i f o l d   1 1 1 ,   w h i c h   d i s t r i b u t e s   t he   g a s  
t h r o u a h   p i p i n g   112  to   two  i n l e t   b a l l   c h e c k   v a l v e s  

113 ,   114  d i s p o s e d   in   h e a d e r   m e m b e r s   72,  7 4 .  

R e c i p r o c a t i o n   of  h y d r a u l i c   power   p i s t o n   56,  as  w i l l  

be  h e r e i n a f t e r   d e s c r i b e d ,   c a u s e s   p i s t o n   52  t o  

r e c i p r o c a t e   w i t h i n   f i r s t   s t a g e   c y l i n d e r   53  w h i c h  

a l t e r n a t e l y   s u c k s   g a s   t h r o u a h   i n l e t   c h e c k   v a l v e s  

113 ,   114  and  c o m p r e s s e s   t h e   gas  w i t h i n   c y l i n d e r   53  

on  b o t h   s i d e s   of  p i s t o n   52.  The  c o m p r e s s e d   gas   i s  

t h e n   d i s c h a r q e d   f rom  f i r s t   c y l i n d e r   53  t h r o u g h  

d i s c h a r q e   c h e c k   v a l v e s   115 ,   116  wh ich   a r e   l i k e w i s e  

m o u n t e d   in  h e a d e r   m e m b e r s   72,   73.   D i s c h a r g e   c h e c k  

v a l v e s   115 ,   116  f e e d   i n t o   p i p i n g   117  i n t o   d i s c h a r g e  

m a n i f o l d   118  and  i n t o   f i r s t   p i p i n g   59  as  p r e v i o u s l y  

d e s c r i b e d .   The  c o m p r e s s e d   gas  t h e n   p a s s e s   t h r o u g h  

i n t e r c o o l e r   62  t h r o u q h   f i r s t   p i p i n o   59  i n t o   a n o t h e r  

o p t i o n a l   s c r u b b e r   u n i t   119  as  shown  in  FIG.  4.  I t  

s h o u l d   be  n o t e d   t h a t   o p t i o n a l   s c r u b b e r   u n i t s   109  a n d  

119  w o u l d   be  d i s p o s e d   o u t s i d e   of  a i r - c o o l i n g   d u c t  

67;  and  would   be  p r o v i d e d   w i t h   s u i t a b l e ,  

c o n v e n t i o n a l   p i p i n g   c o n n e c t i o n s .   A f t e r   t h e   gas   h a s  

been  f i r s t   c o m p r e s s e d   i n t o   the   f i r s t   s t a g e ,   c o o l e d ,  

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

f i r s t   p i p i n a   59  i n t o   t h e   s e c o n d   s t a g e   i n l e t   m a n i f o l d  

120 ,   t h r o u g h   p i p i n g   1 2 1 ,   and  p a s t   s e c o n d   i n l e t   b a l l  

c h e c k   v a l v e s   122,   123  and  t h e   gas   is   c o m p r e s s e d  



w i t h i n   t h e   s e c o n d   s t a q e   c y l i n d e r   55  in  t h e   s a m e  

m a n n e r   as  o c c u r e d   in  t h e   f i r s t   s t a g e   c y l i n d e r   5 3 .  

The  a a s   is  t h e n   d i s c h a r o e d   t h r o u g h   s e c o n d   s t a g e  

d i s c h a r g e   c h e c k   v a l v e s   124 ,   125  i n t o   p i p i n g   126  a n d  

d i s c h a r g e   m a n i f o l d   127 .   The  c o m p r e s s e d   gas   t h e n  

p a s s e s   t h r o u g h   s e c o n d   p i p i n g   60  i n t o   a f t e r c o o l e r   63 

and  to   e x i t   o r i f i c e   61,  as  p r e v i o u s l y   d e s c r i b e d .   I t  

s h o u l d   be  n o t e d   t h a t   a t   l e a s t   one  of   t h e   c o m p r e s s i o n  

c y l i n d e r s   53,  55  may  be  p r o v i d e d   w i t h   a  c l e a r a n c e  

b o t t l e   129  which   may  be  a s s o c i a t e d   w i t h   a  p i p e -  

t a p p e d   o p e n i n g   as  at   128  in  h e a d e r   77,   w h e r e b y   t h e  

c l e a r a n c e   vo lume   of  s e c o n d   s t a g e   c o m p r e s s o r   c y l i n d e r  

55  i s   v a r i a b l e   to  p r o v i d e   f o r   b a l a n c i n g   c o m p r e s s i o n  
r a t i o s   b e t w e e n   t he   f i r s t   and  s e c o n d   c o m p r e s s i o n  

c y l i n d e r s   53,  55.  I t   s h o u l d   be  n o t e d   t h a t   h e a d e r   7 2  

of  t h e   f i r s t   s t a g e   c o m p r e s s i o n   c y l i n d e r   53  m a y  
l i k e w i s e   be  p r o v i d e d   w i t h   a  s i m i l a r   p i p e - t a p p e d  

o p e n i n g   such   as  1 2 8 ,   w i t h   a  s i m i l a r   c l e a r a n c e   b o t t l e  

1 2 9 .  

T u r n i n g   now  to  FIG.  3,  t h e   h y d r a u l i c  

c o n t r o l   and  power  s v s t e m   f o r   c o m p r e s s o r   51  w i l l   b e  

d e s c r i b e d .   I t   s h o u l d   f i r s t   be  n o t e d   t h a t   t h e  

c o m p o n e n t s   to  be  h e r e i n a f t e r   d e s c r i b e d ,   w i t h   t h e  

e x c e p t i o n   of  t he   h y d r a u l i c   power   p i s t o n   and  c y l i n d e r  

56,   57 ,   may  be  d i s p o s e d   w i t h i n   a i r - c o o l i n g   d u c t   6 7  

i f   s p a c e   p e r m i t s ,   or  may  be  d i s p o s e d   a d j a c e n t   t o  

c o m p r e s s o r   51  on  any  s u i t a b l e   ba se   member   or  s k i d .  

In   g e n e r a l ,   t h e   h y d r a u l i c   c o n t r o l   and  power   s y s t e m  

103  i n c l u d e s   the  f o l l o w i n g   c o m p o n e n t s :   a  v a r i a b l e  

d i s p l a c e m e n t   h y d r a u l i c   pump  131;   a  s h u t t l e   v a l v e  

1 3 2 ;   c a m - o p e r a t e d ,   s p r i n g   l o a d e d   c h e c k   v a l v e s   1 0 6 ,  

1 0 7 ,   as   p r e v i o u s l y   d e s c r i b e d ;   h y d r a u l i c   power   p i s t o n  

and  c y l i n d e r   56,  57,  as  p r e v i o u s l y   d e s c r i b e d ;   p i l o t  

v a l v e   1 3 3 ;   h v d r a u l i c   f l u i d   r e s e r v o i r   134 ;   f l o w  



c o n t r o l   v a l v e s   135,   136 ,   o p e r a t i v e l y   a s s o c i a t e d   w i t h  

each   end  of  s h u t t l e   v a l v e   1 3 2 ;   n e e d l e   v a l v e s   1 3 7 -  

140;   b a l l   c h e c k   v a l v e   141;   m a n u a l   b y p a s s   v a l v e   1 4 2 ;  

r e l i e f   v a l v e   143;   b l a d d e r   a c c u m u l a t o r   144;   p r e s s u r e  

c o m p e n s a t e d   c o n t r o l   v a l v e s   145 ,   146;   a  h y d r a u l i c  

d i s t r i b u t i o n   b l o c k   1 4 7 ;   h y d r a u l i c   f e e d   p o r t s   105 ,   a s  

p r e v i o u s l v   d e s c r i b e d ;   h y d r a u l i c   f l u i d   f i l t e r s   1 4 8 ,  

149;   b l a d d e r   a c c u m u l a t o r   1 5 6 ;   and  b a c k   p r e s s u r e  
c o n t r o l   v a l v e   157.   H v d r a u l i c   f l u i d   p i p i n g   as  s h o w n  

t h r o u a h o u t   FIG.  3  is  f u r t h e r   p r o v i d e d   w h i c h  

o p e r a t i v e l y   a s s o c i a t e s   pump  131 ,   s h u t t l e   v a l v e   1 3 2 ,  

c h e c k   v a l v e s   106,   107 ,   p i l o t   v a l v e   133 ,   r e s e v o i r  

134,   and  t h e   o t h e r   c o m p o n e n t s   of  h y d r a u l i c   c o n t r o l  

and  power   s y s t e m   130  to  e a c h   o t h e r s   as  w i l l   b e  

h e r e i n a f t e r   d e s c r i b e d   in  g r e a t e r   d e t a i l .  

H y d r a u l i c   o i l   150  is  s t o r e d   in   r e s e r v o i r  

134  and  is   d rawn   i n t o   t h e   v a r i a b l e   d i s p l a c e m e n t  

h y d r a u l i c  p u m p   131  t h r o u q h   s u c t i o n   s c r e e n   148  a n d  

p i p i n g   151  upon  the   a c t u a t i o n   or  s t a r t i n g   of  p u m p  
131.   S u c t i o n   s c r e e n   148  s e r v e s   to  p r e v e n t   a n y  

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

power   s y s t e m   130.   Pump  131  is  c o n t r o l l e d   v i a   a  

c o n t r o l   s i g n a l   152  b e i n g   a p p l i e d   to  pump  a c t u a t o r  

head   153 .   Pump  131  is  i n i t i a l l y   d e s t r o k e d   to  z e r o  

f low  bv  v e n t i n g   the   c o n t r o l   s i g n a l   152  o p e r a t i n g   o n  

a c t u a t o r   head   153.   A f t e r   a  p e r i o d   o f  w a r m - u p   t i m e ,  

the   c o n t r o l   s i g n a l   152  is   r e s t o r e d   to   pump  a c t u a t o r  

head   153 ,   and  pump  131  i n c r e a s e s   in  s t r o k e   i n  

r e s p o n s e   to  the   i n c r e a s i n g   c o n t r o l   s i g n a l   o n  

a c t u a t o r   head   153.   A c c o r d i n g l y ,   f l ow  of  h y d r a u l i c  

f l u i d   150  t h r o u g h   s y s t e m   130  c o m m e n c e s   and  t h e  

p r e s s u r e   of   t he   h y d r a u l i c   f l u i d   150  t h r o u g h o u t  

s y s t e m   130  i n c r e a s e s   to  t h e   n e c e s s a r y   p r e s s u r e   t o  

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



s e c o n d   s t a g e   p i s t o n s   52,   54  due  to  t h e   p r e s e n c e   of  a  

g a s e o u s   s u b s t a n c e   w i t h i n   c o m p r e s s i o n   c y l i n d e r s   5 3 ,  

55 .   I t   s h o u l d   be  n o t e d   t h a t   by  i n c r e a s i n g   t h e  

c o n t r o l ,   or  p r e s s u r e ,   s i g n a l   152  to  pump  a c t u a t o r  

h e a d   153 ,   p r e s e n c e   t h e   f low  of  h y d r a u l i c   f l u i d  

t h r o u g h o u t   t h e   h y d r a u l i c   c o n t r o l   and  power   s y s t e m  
130   i s   i n c r e a s e d ,   w h i c h   in  t u r n   i n c r e a s e s   t h e  

c y c l i n g ,   or  r e c i p r o c a t i o n ,   speed   of   power   p i s t o n  

56.   T h i s   i n c r e a s e d   s p e e d   in  t u r n   i n c r e a s e s   t h e  

c a p a c i t y ,   or  a b i l i t y ,   of   c o m p r e s s o r   51  to  c o m p r e s s  
i n c r e a s e d   v o l u m e s   of  i n l e t   gas  w i t h   an  a s s o c i a t e d  

i n c r e a s e   in  r e q u i r e d   h o r s e p o w e r .   L i k e w i s e ,   by  

d e c r e a s i n a   the   p r e s s u r e ,   or  c o n t r o l   s i g n a l ,   152  u p o n  

pump  a c t u a t o r   head   153  t h e   s p e e d   of   t h e   h v d r a u l i c  

c o n t r o l   and  power   s v s t e m   130  is  s l o w e d   down,   w h i c h  

in  t u r n   a l l o w s   c o m p r e s s o r   51  to  s l o w   down  t o  

a c c o m m o d a t e   d e c r e a s e d   v o l u m e s ,   or  a  l o w e r   c a p a c i t y ,  

of   i n c o m i n q   gas   w i t h   an  a s s o c i a t e d   i n c r e a s e   i n  

r e q u i r e d   h o r s e p o w e r .   A c c o r d i n g l y ,   t h e   h y d r a u l i c  

c o n t r o l   and  power   s y s t e m   130  of  t h e   p r e s e n t  

i n v e n t i o n   a l l o w s   c o m p r e s s o r   51  to   o p e r a t e   ove r   a n  

i n f i n i t e l y   v a r i a b l e   s p e e d   r a n g e   to  p r o v i d e  

i n f i n i t e l y   v a r i a b l e   c a p a c i t y   c o n t r o l   of  c o m p r e s s o r  

51.   I f   t he   i n c o m i n g   f l o w   and  p r e s s u r e   c o n d i t i o n s  

i n t o   t h e   f i r s t   s t a q e   c o m p r e s s o r   c y l i n d e r   53  v a r y ,   i t  

i s   m e r e l y   n e c e s s a r y   to  c h a n g e   t he   c o n t r o l   s i g n a l   t o  

t h e   v a r i a b l e   d i s p l a c e m e n t   pump  131  in  o r d e r   t o  

c o m p e n s a t e   fo r   t h e   c h a n g i n g   i n c o m i n g   p r e s s u r e   a n d  

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

s o u r c e   fo r   v a r i a b l e   d i s p l a c e m e n t   pump  131  may  be  o f  

anv   c o n v e n t i o n a l   t v p e ,   i n c l u d i n g   a  c o n s t a n t   s p e e d  

e l e c t r i c   m o t o r ,   a  r e c i p r o c a t i n g   e n g i n e ,   or  any  o t h e r  

s u i t a b l e   r o t a t i n q   power   s o u r c e .   I t   s h o u l d   b e  

u n d e r s t o o d   t h a t   w i t h   a  v a r i a b l e   d i s p l a c e m e n t   p u m p ,  
t h e   p o w e r   s o u r c e   s p e e d   can  r e m a i n   c o n s t a n t   and  i t s  



h o r s e p o w e r   r e q u i r e m e n t s   to  o p e r a t e   t h e   pump  v a r y  

p r o p o r t i o n a t e l y   w i t h   t he   f l o w   of  t he   pump.   T h u s ,  

when  c o m p r e s s o r   51  o p e r a t e s   upon  gas  f l o w i n g   u n d e r  

d e c r e a s e d   f l o w   c o n d i t i o n s ,   e . g . ,   a  l o w e r   c a p a c i t y ,  

e n e r a y   is  c o n s e r v e d   b e c a u s e   t h e   h o r s e p o w e r  

r e q u i r e m e n t s   f rom  t he   power   s o u r c e   a r e   l i k e w i s e  

p r o p o r t i o n a t e l y   d e c r e a s e d .  

S t i l l   w i t h   r e f e r e n c e   to  FIG.  3,  i t   is  s e e n  
t h a t   h y d r a u l i c   f l u i d   150  e x i t s   f rom  v a r i a b l e  

d i s p l a c e m e n t   pump  131  f rom  i t s   e x i t   o r i f i c e   as  s h o w n  

a t   154  and  p a s s e s   t h r o u q h   b a l l   c h e c k   v a l v e   141 ,   o r  

o t h e r   s u i t a b l e   v a l v e .   B a l l   c h e c k   v a l v e   141  p r e v e n t s  
h y d r a u l i c   f l u i d   p r e s s u r e   b a c k i n g   up  upon  pump  1 3 1  

and  f rom  r e v e r s i n g   t h e   h y d r a u l i c   f l u i d   f l o w   a n d  

d r a i n i n o   t he   h y d r a u l i c   f l u i d   150  in  t h e   pump  1 3 1  

when  pump  131  is  t u r n e d   o f f .   I t   s h o u l d   be  n o t e d  

t h a t   p r e s s u r e   r e l i e f   v a l v e   143 ,   is  of  c o n v e n t i o n a l  

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

c o m p o n e n t s   of  s y s t e m   130  f rom  an  e x c e s s i v e   p r e s s u r e  
b u i l d - u p   w i t h i n   t h e   h y d r a u l i c   p i p i n g   or  c o m p r e s s i o n  

c y l i n d e r s   53,  55,  w h e r e b y   s u c h   e x c e s s i v e   p r e s s u r e  
b u i l d - u p s   may  be  s a f e l y   r e l i e v e d   t h r o u g h   r e l i e f  

v a l v e   143.   A d d i t i o n a l l y ,   p r e s s u r e   r e l i e f   v a l v e   1 4 3  

a l l o w s   c o m p r e s s i o n   c y l i n d e r s   53  and  55  to  h a v e  

l i q u i d   s u b s t a n c e s   p a s s   t h e r e t h r o u q h   w i t h o u t   d a m a g e  

to   t h e   c o m p r e s s i o n   c y l i n d e r s   5 3 ,  5 5 .   I t   is  n o t  

u n u s u a l   f o r   a  c o m p r e s s o r   w o r k i n g   upon  w e l l   h e a d  

n a t u r a l   gas  to  have  l i q u i d s   f rom  the   w e l l h e a d  

f l o w i n g   in  t he   gas  s t r e a m .   T h i s   s i t u a t i o n   i s  

c o m m o n l y   c a l l e d   " l i q u i d   s l u g g i n g " ,   and  s u c h   l i q u i d  

" s l u g s "   f l o w i n g   in  a  gas   s t r e a m   i n t o   a  c o m p r e s s o r  

can   c a u s e   s e r i o u s   damage   to  t h e   c o m p r e s s o r   c y l i n d e r s  

due  to  t he   i n c r e a s e d   p r e s s u r e   b u i l d - u n   when  s u c h  

l i q u i d   " s l u q s "   e n t e r   t he   c o m p r e s s i o n   c y l i n d e r s .  



As  s e e n   in  FIG.  3,  h y d r a u l i c   s y s t e m  

p r e s s u r e   a c t s   upon   t he   c a m - o p e r a t e d ,   s p r i n g   l o a d e d  

c h e c k   v a l v e s   106 ,   107  a c r o s s   n e e d l e   v a l v e s   137 ,   1 3 8 ,  

w h e r e b y   c h e c k   v a l v e s   106  and  107  a r e   n o r m a l l y  

m a i n t a i n e d   in  a  c l o s e d   p o s i t i o n   u n t i l   o p e n e d   b y  

t u b u l a r   c a m m i n a   members   1 0 8 ,   1 0 8 ' .   H y d r a u l i c   p o w e r  

p i s t o n   56  moves   to  the   r i q h t   t o w a r d   b a l l   c h e c k   v a l v e  

107  u n t i l   t h e   camming  member  1 0 8 '   o p e n s   b a l l   c h e c k  

v a l v e   107  to  r e l e a s e   t he   h y d r a u l i c   f l u i d   p r e s s u r e  

t h r o u g h   h y d r a u l i c   f l u i d   f e e d   p o r t   105  and  h e a d e r  

member   75.  The  o p e n i n q   of  b a l l   c h e c k   v a l v e   107  t h u s  

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

133  to  t h e   r e s e r v o i r   134  v i a   p i p i n g   155.   T h e  

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

c r e a t e s   a  p r e s s u r e   d i f f e r e n t i a l   a c r o s s   f o u r - w a y  

p i l o t   v a l v e   133  and  t h u s   s t r o k e s   i t   to  a p p l y   s y s t e m  

p r e s s u r e   to  t h e   o p p o s i t e   end  of  t he   f o u r - w a y   s h u t t l e  

v a l v e   132 .   S i m u l t a n e o u s l y   t h e r e w i t h ,   t h e   f o r m e r l y  

p r e s s u r i z e d   end  of  t h e   s h u t t l e   v a l v e   132  i s   v e n t e d  

t h r o u g h   t h e   p i l o t   v a l v e   133  to  t h e   r e s e r v o i r   1 3 4 ,   a s  

shown  in  F I G .  3 .   The  s h i f t i n g   of  t h e   s h u t t l e   v a l v e  

132  c a u s e s   h y d r a u l i c   f l u i d   150  to  be  a l t e r n a t e l y  

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

f e e d   p o r t s   105  in  h e a d e r s   74,  75 ,   w h i c h   c a u s e   p o w e r  

p i s t o n   56  to  r e c i p r o c a t e   w i t h i n   c y l i n d e r   57.   F l o w  

c o n t r o l   v a l v e s   135  and  136  c o n t r o l   t h e   s p e e d   a t  

w h i c h   t h e   s h u t t l e   v a l v e   132  moves   by  t h r o t t l i n g   t h e  

h y d r a u l i c   f l u i d   150  f l o w i n g   f rom  t h e   p i l o t   v a l v e   1 3 3  

to  t he   ends   of  t h e   s h u t t l e   v a l v e   132 ,   w h e r e b y  

h y d r a u l i c   s h o c k s ,   c a u s e d   by  t h e   s w i t c h i n g   of  t h e  

s h u t t l e   v a l v e   132  too  q u i c l y   a r e   d a m p e n e d .   I t  

s h o u l d   be  n o t e d   t h a t   f low  c o n t r o l   v a l v e s   s i m i l a r   t o  

v a l v e s   135 ,   136  c o u l d   a l s o   be  o p e r a t i v e l y   a s s o c i a t e d  

w i t h   t h e   e n d s   of  p i l o t   v a l v e   133  to  f u r t h e r   c o n t r o l  

t h e   s w i t c h i n q   r e s p o n s e   of  t h e   h y d r a u l i c   c o m p o n e n t s  



of  s y s t e m   130.   I t   s h o u l d   be  n o t e d   t h a t   p i l o t   v a l v e  

133 ,   s h u t t l e   v a l v e   1 3 2 ,   and  f l o w   c o n t r o l   v a l v e s   1 3 5 ,  

136  a r e   c o n v e n t i o n a l ,   c o m m e r c i a l l y   a v a i l a b l e  

v a l v e s .   Oi l   e x h a u s t e d   f r o m   f o u r - w a y   s h u t t l e   v a l v e  

132  is  d i s c h a r g e d   in  a  p u l s a t i n g   m a n n e r .   T h e s e  

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

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

a c c u m u l a t o r   156  in  a s s o c i a t i o n   w i t h   back   p r e s s u r e  
c o n t r o l   v a l v e   157  a s s u r i n g   l onq   s y s t e m   c o m p o n e n t  

l i f e .   F o u r - w a y   p i l o t   v a l v e   133  i n c o r p o r a t e s   a 

m e c h a n i c a l   l a t c h i n g   m e c h a n i s m   or  d e t e n t   wh ich   l o c k s  

t h e   p i l o t   " v a l v e   s p o o l "   133  in  p o s i t i o n   when  s y s t e m  

f low  is  i n t e r r u p t e d .   W i t h o u t   t h i s   f e a t u r e ,   t h e  

p i l o t   v a l v e   s p o o l   133  c o u l d   s e e k   a  n e u t r a l   p o s i t i o n  

in  t he   v a l v e   body  so  t h a t   c o m p r e s s o r   51  c o u l d   not   b e  

s t a r t e d .  

S t i l l   w i t h   r e f e r e n c e   to  FIG.  3,  i t   is  s e e n  

t h a t   p r e s s u r e   c o m p e n s a t e d   c o n t r o l   v a l v e   146  may  a l s o  

be  o p e r a t i v e l y   a s s o c i a t e d   w i t h   pump  131  to   m e t e r  

h y d r a u l i c   f l u i d   150  to  d i s t r i b u t i o n   b l o c k   1 4 7 .  

D i s t r i b u t i o n   b l o c k   147  t h u s   m e t e r s   e x a c t   v o l u m e s   o f  

h y d r a u l i c   f l u i d   150,   i f   d e s i r e d ,   to  the   f i r s t   a n d  

s e c o n d   s t a q e   c y l i n d e r   l u b r i c a t i o n   c o n n e c t i o n s   9 9 ,  

100 ,   and  to  the   rod  p a c k i n g   l u b r i c a t i o n s   95 ,   9 6 .  

Manua l   b v p a s s   v a l v e   142  may  be  p r o v i d e d   to  m a n u a l l y  

u n l o a d   the   p r e s s u r e   in  pump  131  if  d e s i r e d .   B l a d d e r  

a c c u m u l a t o r   144  mav  be  a l s o   o p e r a t i v e l y   a s s o c i a t e d  

wi th   pump  131  and  s v s t e m   130  to  r e d u c e   s y s t e m  

p u l s a t i o n s   or  p r e s s u r e   s h o c k s   when  t h e   s h u t t l e   v a l v e  

132  s w i t c h e s .   B l a d d e r   a c c u m u l a t o r   144  a l s o   s e r v e s  

t he   f u n c t i o n   of  s t o r i n g   and  c o n s e r v i n g   h y d r a u l i c  

e n e r g y   w i t h i n   s y s t e m   130  when  s w i t c h i n g   of  s h u t t l e  

v a l v e   132  o c c u r s .  



-  As  p r e v i o u s l y   d e s c r i b e d ,   t h e   m o t o r   66  f o r  

f a n   b l a d e   65  is  h y d r a u l i c a l l y   o p e r a t e d ,   and  i t s  

s p e e d   is  c o n t r o l l e d   by  a  p r e s s u r e   c o m p e n s a t e d   f l o w  

c o n t r o l   v a l v e   145.   Once  v a l v e   145  is  s e t   to  t h e  

d e s i r e d   p r e s s u r e   r a t i n g ,   t h e   s p e e d   of  f a n  m o t o r  6 6 ,  

and  in  t u r n   t he   r o t a t i o n   of  t h e   f an   b l a d e s   65  w i l l  

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

s y s t e m   p r e s s u r e   c h a n g e s   in  t h e   s y s t e m   130 .   In  t h i s  

r e g a r d ,   i t  s h o u l d   be  n o t e d   t h a t   the   f a n   s p e e d   can  b e  

v a r i e d   by  a d j u s t i n g   t he   p r e s s u r e   c o m p e n s a t e d   c o n t r o l  

v a l v e   145  in  o r d e r   to  c o n t r o l   v a r y i n a   t e m p e r a t u r e  

c o n d i t i o n s   c a u s e d   by  i n c r e a s e d   a m b i e n t   t e m p e r a t u r e  
c o n d i t i o n s   at   t h e  l o c a t i o n   of  c o m p r e s s o r   51,  or  f r o m  
i n c r e a s e d   t e m p e r a t u r e   c o n d i t i o n s   c a u s e d   by  t h e  

i m c o m i n g   g a s e o u s   s u b s t a n c e   i n t o   c o m p r e s s o r   5 1 .  

Each  of  t h e   b a l l   c h e c k   v a l v e s   106  and  1 0 7  

and   f l u i d   c o n t r o l   v a l v e s   135  and  136  may  b e  

o p e r a t i v e l y   a s s o c i a t e d   w i t h   n e e d l e   v a l v e s   1 3 7 - 1 4 0  

f o r   v a r v i n g   the  f low  to  such   v a l v e s   to  v a r y   t h e  

r e s p o n s e   t i m e   of  such   v a l v e s .   I t   s h o u l d   be  r e a d i l y  

a p p a r e n t   to  one  of  o r d i n a r y   s k i l l   in  t h e   a r t   t h a t  

t w o   c o m p r e s s o r s   51  o f   t h e   p r e s e n t   i n v e n t i o n   c o u l d   b e  

c o n n e c t e d   in  s e r i e s ,   one  a l o n g   s i d e   e a c h   o t h e r   w i t h  

s u i t a b l e   p i p i n g   c o n n e c t i o n s   t h e r e   b e t w e e n ,   t o  

p o r o v i d e   a  f o u r - s t a g e   c o m p r e s s o r .  

FIG.  5  shows  an  e m b o d i m e n t   s i m i l a r   to  t h a t  

o f   FIG.  3,  w i th   a  s o m e w h a t   f i n e   d e s i g n .   In  t h i s  

e m b o d i m e n t ,   f i l t e r   1 4 9 '   is  p r o v i d e d   in   t h e   s u c t i o n  

L i n e   in  p l a c e   of  r e t u r n   f i l t e r   149  of  t h e   FIG.  3 

e m b o d i m e n t .   F i l t e r   1 4 9 '   f i l t e r s   m i n u t e   p a r t i c l e s  

b e f o r e   t h e y   e n t e r   t h e   pumps  1 3 1 ,   t h e r e b y   i n c r e a s i n g  

p u m p   l i f e .  

A l so   in  FIG.   5,  a  p r e s s u r e   r e g u l a t i o n   v a l v e  

1559  is  p r o v i d e d   as  p a r t   of  t h e   h y d r a u l i c   c o n t r o l   a n d  



power  s y s t e m   130 ,   and  c h e c k   v a l v e s   160 ,   161  a r e  

i n s t a l l e d   in  t h e   c o n t r o l   f e ed   l i n e s   to  t h e   c h e c k  

v a l v e s   1 0 6 ,   107  to   p r e v e n t   c o u n t e r f l o w   and  p r e s s u r e  

s u r g e s   in   t h e   c o n t r o l   s y s t e m   when  t h e   m a i n   s h u t t l e  

v a l v e   132  s h u t t l e s   t he   main  o i l   f low  to  p o r t   105  i n  

t he   m a i n   p o w e r   c y l i n d e r   1 5 6 .  

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

p r e s s u r e   p r o v i d e d   by  t he   p r e s s u r e   r e g u l a t o r   159  a c t s  

upon  t h e   c a m - o p e r a t e d   s p r i n g   l o a d e d   c h e c k   v a l v e s  

106,   107  p l u s   n e e d l e   v a l v e s   137 ,   1 3 8 ,   w h e r e b y   c h e c k  

v a l v e s   1 0 6 ,   107  a r e   n o r m a l l y   m a i n t a i n e d   in  a  c l o s e d  

p o s i t i o n   u n t i l   o p e n e d   by  t u b u l a r   camming   m e m b e r s  

108,   1 0 8 ' .   The  m o t o r   66  fo r   fan   b l a d e   65  has   i t s  

s p e e d   c o n t r o l   by  p r e s s u r e   r e g u l a t o r   1 5 9 ,   w h i c h   a l s o  

c o n t r o l s   t h e   c o n t r o l   s y s t e m   p i l o t   p r e s s u r e .   O n c e  

t h a t   p r e s s u r e   r e g u l a t i n g   v a l v e   159  is  s e t   to  t h e  

d e s i r e d   p r e s s u r e   r a t i n g ,   t he   s p e e d   of  t he   fan   m o t o r  

66  w i l l   r e m a i n   c o n s t a n t   even  t h o u g h   t h e r e   a r e  

h y d r a u l i c   s y s t e m   p r e s s u r e   c h a n q e s   in  t h e   s y s t e m  

330.   By  a d j u s t i n g   t h e   p r e s s u r e   r e g u l a t i n g   v a l v e  

159,   t he   f a n   s p e e d   can  he  v a r i e d .  

I t   is  t o  b e   u n d e r s t o o d   t h a t   t h e   i n v e n t i o n  

is  no t   l i m i t e d   to  t he   e x a c t   d e t a i l s   of  c o n s t r u c t i o n ,  

o p e r a t i o n ,   e x a c t   m a t e r i a l s ,   or  e m b o d i m e n t   shown  a n d  

d e s c r i b e d ,   a s  o b v i o u s   m o d i f i c a t i o n s   a n d  e q u i v a l e n t s  

w i l l   be  a p p a r e n t   to  one  s k i l l e d   in  t he   a r t ;   f o r  

e x a m p l e ,   t h e   i n t e r c o o l e r   and  a f t e r   c o o l e r   and  a i r  

f o r c i n g   m e a n s   c o u l d   be  u t i l i z e d   as  a  s e p a r a t e ,   s k i d -  

m o u n t e d   u n i t ,   of  a  l a r g e r   s i z e   s h o u l d   a d d i t i o n a l  

c o o l i n g   of   t h e   c o m p r e s s e d   gas  be  n e c e s s a r y .  

A c c o r d i n g l y ,   the   i n v e n t i o n   is  t h e r e f o r e   to   b e  

l i m i t e d   o n l y   by  t h e   s c o p e   of  t he   a p p e n d e d   c l a i m s .  



1.  A  h y d r a u l i c a l l y   p o w e r e d   c o m p r e s s o r   f o r  

e l e v a t i n g   the   p r e s s u r e   of  g a s e o u s   s u b s t a n c e s ,  

c o m p r i s i n g :   a  f i r s t   d o u b l e - a c t i n g   p i s t o n   a n d  

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

o a s e o u s   s u b s t a n c e ;   a  s e c o n d   d o u b l e - a c t i n g   p i s t o n   a n d  

c o m p r e s s i o n   c y l i n d e r   f o r   a d d i t i o n a l   c o m p r e s s i o n   o f  

t h e   g a s e o u s   s u b s t a n c e ;   a  h y d r a u l i c   power  p i s t o n   a n d  

c v l i n d e r   d i s p o s e d   b e t w e e n   t he   f i r s t   and  s e c o n d  

d o u b l e - a c t i n q   p i s t o n s   and  c v l i n d e r s ;   the   f i r s t   a n d  

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

p i s t o n   each  b e i n g   d i s p o s e d   on  a  common  e l o n g a t e  

p i s t o n   rod ;   f i r s t   p i p i n g   f o r   t r a n s f e r r i n g   t h e  

c o m p r e s s e d   g a s e o u s   s u b s t a n c e   f rom  the   f i r s t   p i s t o n  

and  c o m p r e s s i o n   c y l i n d e r   to   t h e   s e c o n d   p i s t o n   a n d  

c o m p r e s s i o n   c y l i n d e r ;   s e c o n d   p i p i n g   for   t r a n s f e r r i n g  

t h e   c o m p r e s s e d   g a s e o u s   s u b s t a n c e   f rom  t he   s e c o n d  

p i s t o n   and  c o m p r e s s i o n   c y l i n d e r   to  an  e x i t   o r i f i c e ;  

f i r s t   and  s e c o n d   c o o l i n g   c o i l s   r e s p e c t i v e l y  

a s s o c i a t e d   w i t h   t h e   f i r s t   and  s e c o n d   p i p i n g   f o r  

c o o l i n g   the  c o m p r e s s e d   g a s e o u s   s u b s t a n c e ;   and  m e a n s  
f o r   f o r c i n g   a i r   to   f l o w   o v e r   t h e   f i r s t   and  s e c o n d  

c o o l i n a   c o i l s ;   c h a r a c t e r i z e d   in  t h a t :  

t he   f i r s t   and  s e c o n d   p i s t o n s   a n d  

c o m p r e s s i o n   c y l i n d e r s ,   power   p i s t o n   and  c y l i n d e r ,  

f i r s t   and  s e c o n d   p i p i n q ,   f i r s t   and  s e c o n d   c o o l i n g  

c o i l s ,   and  a i r   f o r c i n q   means   a r e   a l l   d i s p o s e d   w i t h i n  

an  a i r - c o o l i n g   d u c t   t o   p r o v i d e   c o o l i n g   t h e r e t o ;   a n d  

f u r t h e r   c h a r a c t e r i z e d   by  means   f o r   p r o v i d i n g  

i n f i n i t e l y   v a r i a b l e   c a p a c i t y   c o n t r o l   w i t h   a  

p r o p o r t i o n a t e l y   v a r i a b l e   power   r e q u i r e m e n t   f o r   t h e  

f i r s t   and  s e c o n d  p i s t o n s   and  c o m p r e s s i o n   c y l i n d e r s ,  

s u c h   means   i n c l u d i n g   a  v a r i a b l e   d i s p l a c e m e n t  



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

power   p i s t o n   and  c y l i n d e r   so  t h a t   t he   f i r s t   a n d  

s e c o n d   p i s t o n s   and  c o m p r e s s i o n   c y l i n d e r s   may  b e  

o p e r a t e d   o v e r   a  r a n g e   of  f rom  0  to  100%  of  t h e i r  

c a p a c i t y   w i t h   a  p r o p o r t i o n a t e l y   v a r i a b l e   p o w e r  

r e q u i r e m e n t .  

2.  A  c o m p r e s s o r   of  c l a i m   1,  f u r t h e r  

c h a r a c t e r i z e d   in  t h a t   the   f i r s t   and  s e c o n d   p i s t o n s  

and  c o m p r e s s i o n   c y l i n d e r s   and  h y d r a u l i c   power   p i s t o n  

and  c y l i n d e r   a r e   d i s p o s e d   on  a  m o u n t i n g   p l a t e   b y  

means   of  two  m o u n t i n g   b o l t s ,   w h e r e b y   t r a n s m i s s i o n   o f  

s t r e s s   f o r c e s   to  t h e   c o m p r e s s i o n   c y l i n d e r s   and  p o w e r  

c y l i n d e r   f rom  t h e   m o u n t i n g   p l a t e   is  g r e a t l y  

m i n i m i z e d ;   and  t h e   f i r s t   and  s e c o n d   p i s t o n s   a r e  

t h r e a d e d l y   a f f i x e d   in  a  f i r s t   d i r e c t i o n   to  t h e  

p i s t o n   rod  and  a r e   s e c u r e d   to  t he   p i s t o n   rod  by  a  

l o c k i n q   member  w h i c h   is  t h r e a d e d   i n t o   t he   p i s t o n   r o d  

in  a  s e c o n d   o p p o s i t e   d i r e c t i o n .  

3.  The  c o m p r e s s o r   of   c l a i m   1,  f u r t h e r  

c h a r a c t e r i z e d   in  t h a t   t he   m e a n s   fo r   f o r c i n g   a i r  

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

m o t o r   has  a  p r e s s u r e   c o m p e n s a t e d   f low  c o n t r o l   v a l v e  

a s s o c i a t e d   t h e r e w i t h ,   and  is  a s s o c i a t e d   w i t h   a n d  

d i s p o s e d   b e t w e e n   t h e   v a r i a b l e   d i s p l a c e m e n t   h y d r a u l i c  

pump  and  the   m o t o r ,   so  t h a t   t h e   fan  o p e r a t e s   a t   a  

c o n s t a n t   s p e e d   to   p r o v i d e   c o o l i n g   to  the   f i r s t   a n d  

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

m o u n t e d   in  t h e   d u c t ,   the   f i r s t   and  s e c o n d   p i s t o n s  

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

c v l i n d e r ,   and  to   b low  ou t   of  t h e   a i r   c o o l i n q   d u c t  

any   a c c u m u l a t e d   g a s e o u s   s u b s t a n c e .  

4.  The  c o m p r e s s o r   of  c l a i m   1,  f u r t h e r  

c h a r a c t e r i z e d   by  a  p r e s s u r e   r e l i e f   v a l v e   m e a n s  

a s s o c i a t e d   w i t h   t h e   h y d r a u l i c   v a r i a b l e   d i s p l a c e m e n t  



pump  and  f i r s t   and  s e c o n d   c o m p r e s s i o n   c y l i n d e r s ,   f o r  

p r e v e n t i n g   e x c e s s i v e   p r e s s u r e   b u i l d - u p   f rom  o c c u r i n g  

in  t he   f i r s t   or  s e c o n d   c o m p r e s s i o n   c y l i n d e r s   due  t o  

l i q u i d ,   r a t h e r   t h a n   a  g a s e o u s   s u b s t a n c e ,   e n t e r i n g  

e i t h e r   c v l i n d e r ,   so  t h a t   the   l i q u i d   may  p a s s  

t h e r e t h r o u g h   at   a  s a f e   o p e r a t i n g   p r e s s u r e   l e v e l .  

5.  The  c o m p r e s s o r   of  c l a i m   1,  f u r t h e r  

c h a r a c t e r i z e d   by  a  c o o l i n g   c h a m b e r   b e t w e e n   t h e  

h y d r a u l i c   p o w e r   p i s t o n   and  c y l i n d e r ,   and  e a c h   of  t h e  

f i r s t   and  s e c o n d   p i s t o n s   and  c y l i n d e r s ,   each   c o o l i n g  

c h a m b e r   s u r r o u n d i n g   a  p o r t i o n   of  t h e   p i s t o n   rod  a n d  

i n c l u d i n g   means   fo r   d i r e c t i n g   a i r   f l o w   f rom  t h e  

m e a n s   f o r   f o r c i n g   a i r   o v e r   t h e   p i s t o n   r o d .  

6.  A  h y d r a u l i c   c o n t r o l   and  power   s y s t e m  
f o r   a  c o m p r e s s o r   f o r   g a s e o u s   s u b s t a n c e s   h a v i n g   f i r s t  

and  s e c o n d   d o u b l e - a c t i n g   p i s t o n s   and  c o m p r e s s i o n  

c y l i n d e r s   and  a  r e c i p r o c a t i n g   h y d r a u l i c   power   p i s t o n  

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

p i s t o n s ,   c h a r a c t e r i z e d   bv:  a  v a r i a b l e   d i s p l a c e m e n t  

h y d r a u l i c   pump  fo r   p r o v i d i n q   h v d r a u l i c   f l u i d   to  t h e  

p o w e r   p i s t o n   and  c v l i n d e r   to  r e c i p r o c a t e   the   p o w e r  
p i s t o n   w i t h i n   i t s   c y l i n d e r ;   a  s h u t t l e   v a l v e   f o r  

a l t e r n a t i n a   t he   f low  of  h y d r a u l i c   f l u i d   f rom  t h e  

pump  i n t o   and  o u t   of  t he   ends   of  t h e   h y d r a u l i c   p o w e r  

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

v a l v e   a s s o c i a t e d   w i t h   each   end  of   t h e   power   p i s t o n  

c y l i n d e r ,   s a i d   c h e c k   v a l v e s   b e i n g   a c t u a t e d   by  t h e  

r e c i p r o c a t i n g   m o t i o n   of  t h e   p o w e r   p i s t o n   t o  

d i s c h a r g e   h y d r a u l i c   f l u i d   f rom  t h e   r e s p e c t i v e   end  o f  

a  p i l o t   v a l v e ;   a  p i l o t   v a l v e   f o r   a c t u a t i n g   t h e  

s h u t t l e   v a l v e   in  r e s p o n s e   to  a  p r e s s u r e   d i f f e r e n t i a l  

c a u s e d   by  t h e   d i s c h a r g e   of  h y d r a u l i c   f l u i d   t h r o u g h  

one  of  t he   c a m - o p e r a t e d ,   s p r i n g   l o a d e d   c h e c k   v a l v e s ;  

a  h y d r a u l i c   f l u i d   r e s e r v o i r ;   and  h y d r a u l i c   f l u i d  



p i p i n g   o p e r a t i v e l y   a s s o c i a t i n g   t h e   pump,  s h u t t l e  

v a l v e ,   c h e c k   v a l v e s ,   p i l o t   v a l v e   and  r e s e r v o i r ,   w i t h  

one  a n o t h e r ,   so  t h a t   upon  v a r y i n g   t he   d i s p l a c e m e n t  

of  t he   pump,  t h e   s p e e d   of  r e c i p r o c a t i o n   of  t h e   p o w e r  
p i s t o n   is  v a r i e d .  

7.  The  h v d r a u l i c   c o n t r o l   and  power   s y s t e m  

of  c l a i m   6,  f u r t h e r   c h a r a c t e r i z e d   by  a  f low  c o n t r o l  

v a l v e   means   o p e r a t i v e l y   a s s o c i a t e d   w i t h   e a c h  e n d   o f  

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

f l o w i n g   f rom  t he   p i l o t   v a l v e   to  e i t h e r   end  of  t h e  

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

t h e   s h u t t l e   v a l v e   is  c o n t r o l l e d   and  h y d r a u l i c   s h o c k s  

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

q u i c k l y   a re   c o n t r o l l e d .  

8.  The  h y d r a u l i c   c o n t r o l   and  power   s y s t e m  

of  c l a i m   6,  f u r t h e r   c h a r a c t e r i z e d   by  a  b l a d d e r  

a c c u m u l a t o r   o p e r a t i v e l y   a s s o c i a t e d   w i t h   t he   pump  a n d  

p i p i n g ,   so  t h a t   p r e s s u r e   s h o c k s   c a u s e d   b y  

r e c i p r o c a t i o n   of  t h e   s h u t t l e   v a l v e   a re   a b s o r b e d ,   a n d  

pump  e n e r q y   is   s t o r e d   d u r i n q   t h e   t ime   r e q u i r e d   t o  

s w i t c h   t he   s h u t t l e   v a l v e .  

9.  A  h y d r a u l i c a l l y   p o w e r e d   c o m p r e s s o r   f o r  

e l e v a t i n a   t he   p r e s s u r e   of  g a s e o u s   s u b s t a n c e s ,  

c o m p r i s i n g :   a  f i r s t   d o u b l e - a c t i n g   p i s t o n   a n d  

c o m p r e s s i o n   c y l i n d e r   f o r   c o m p r e s s i n g   t he   g a s e o u s  

s u b s t a n c e ;   a  s e c o n d   d o u b l e - a c t i n g   p i s t o n   a n d  

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

s u b s t a n c e ;   a  h y d r a u l i c   p o w e r   p i s t o n   and  c y l i n d e r  

d i s p o s e d   b e t w e e n   the   f i r s t   and  s e c o n d   d o u b l e - a c t i n g  

p i s t o n s   and  c y l i n d e r s ;   t he   f i r s t   and  s e c o n d   d o u b l e  

a c t i n g   p i s t o n s   and  t he   h y d r a u l i c   power   p i s t o n   e a c h  

b e i n g   d i s p o s e d   on  a  common  e l o n g a t e d   p i s t o n   r o d ;  

p i p i n g   f o r   t r a n s f e r r i n g   t h e   c o m p r e s s e d   g a s e o u s  
s u b s t a n c e   f rom  the   f i r s t   and  s e c o n d   p i s t o n s   a n d  



c o m p r e s s i o n   c y l i n d e r s   to   an  e x i t   o r i f i c e ;   c o o l i n g  

c o i l s   r e s p e c t i v e l y   a s s o c i a t e d   w i t h   t h e   p i p i n g   f o r  

c o o l i n g   the   c o m p r e s s e d   g a s e o u s   s u b s t a n c e ;   and  m e a n s  

f o r   f o r c i n g   a i r   to  f l o w   o v e r   t he   c o o l i n g   c o i l s ;  

c h a r a c t e r i z e d   in  t h a t :  

t he   f i r s t   and  s e c o n d   p i s t o n s   a n d  

c o m p r e s s i o n   c y l i n d e r s ,   power   p i s t o n   and  c y l i n d e r ,  

p i p i n g ,   c o o l i n g   c o i l s ,   and  a i r   f o r c i n g   m e a n s   a l l  

b e i n q   d i s p o s e d   w i t h i n   an  a i r - c o o l i n g   d u c t   to   p r o v i d e  

c o o l i n g   t h e r e t o ;   and  f u r t h e r   c h a r a c e r t i z e d   b y :  

means   f o r   p r o v i d i n q   i n f i n i t e l v   v a r i a b l e  

c a p a c i t y   c o n t r o l   f o r   t h e   f i r s t   and  s e c o n d   p i s t o n s  
and  c o m p r e s s i o n   c y l i n d e r s ,   t he   c a p a c i t y   c o n t r o l  

m e a n s   i n c l u d i n g   a  v a r i a b l e   d i s p l a c e m e n t   h y d r a u l i c  

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

c y l i n d e r ,   w h e r e b y   t h e   f i r s t   and  s e c o n d   p i s t o n s   a n d  

c o m p r e s s i o n   c y l i n d e r s   may  be  o p e r a t e d   o v e r   a  r a n g e  
of  f rom  0  to  100%  of   t h e i r   c a p a c i t y   w i t h   a  

p r o p o r t i o n a l   v a r i a t i o n   in  p o w e r .  

10.  The  c o m p r e s s o r   of  c l a i m   9,  f u r t h e r  

c h a r a c t e r i z e d   in  t h a t   t h e   means   fo r   f o r c i n g   a i r  

i n c l u d e s   a  fan  and  h y d r a u l i c   mo to r   t h e r e f o r ,   and  t h e  

m o t o r   has   a  p r e s s u r e   r e g u l a t i n g   v a l v e   a s s o c i a t e d  

t h e r e w i t h ,   and  is  a s s o c i a t e d   w i t h   and  d i s p o s e d  

b e t w e e n   the   v a r i a b l e   d i s p l a c e m e n t   h y d r a u l i c   pump  a n d  

t h e   m o t o r ,   so  t h a t   t h e   f an   o p e r a t e s   a t   a  c o n s t a n t  

s p e e d   to   p r o v i d e   c o o l i n q   to  the   f i r s t   and  s e c o n d  

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

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

and  to   b low  ou t   of  t h e   a i r   c o o l i n g   d u c t   a n y  

a c c u m u l a t e d   q a s e o u s   s u b s t a n c e .  
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