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{§*)  A  telescopic  strut. 
©  A  telescopic  strut  comprises  a  sealed  cylinder  (10) 
containing  a  fluid,  a  piston  (12)  fitted  in  the  cylinder  and 
sealed  to  the  cylinder  wall,  and  a  hollow  piston  rod  (20) 
extending  from  one  side  of  the  piston  (12)  and  having  a 
closed  end  (22)  which  extends  out  of  one  end  of  the  cylinder. 
A  hollow  actuating  rod  (26)  extends  axially  of  the  strut 

through  the  piston  (12)  to  communicate  with  the  hollow 
piston  rod  (20)  and  extends  at  its  closed  end  through  the 
other  end  of  the  cylinder.  A  valve  (34)  is  operable  by  axial 
displacement  of  the  actuating  rod  (26)  to  open  and  close  fluid 
communication  from  one  side  of  the  piston  (12)  to  the  other, 
to  vary  the  effective  length  of  the  strut. 
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F i e l d   of  i n v e n t i o n .  

T h i s   i n v e n t i o n   r e l a t e s   to  t e l e s c o p i c   s t r u t s .   One  e x a m p l e  

of  the   use   of  such   s t r u t s   is  in  s u p p o r t i n g   o f f i c e   c h a i r s ,  

w h i l s t   a l l o w i n g   v a r i a t i o n   o f  t h e   h e i g h t   of  the   c h a i r .  

Such  s t r u t s   a re   o f t e n   f i l l e d   w i t h   a  c o m p r e s s i b l e   f l u i d ,  

g e n e r a l l y   a  g a s ,   but  t hey   may  a l s o   be  f i l l e d   w i t h   a  n o n -  

c o m p r e s s i b l e   f l u i d   such  as  o i l .  

Summary  of  t he   i n v e n t i o n .  

A c c o r d i n g   to  one  a s p e c t   of  the  p r e s e n t   i n v e n t i o n ,   a  

t e l e s c o p i c   s t r u t ,   l o c k a b l e   in  s t e p l e s s   i n c r e m e n t s   o f  

e x t e n s i o n ,   c o m p r i s e s   an  o u t e r   c y l i n d e r   s e p a r a t e d   i n t o  

f i r s t   and  s e c o n d   c h a m b e r s   by  a  p i s t o n ,   h a v i n g   an  i n n e r  

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

and  s e c o n d   c h a m b e r s   when  a  v a l v e   a s s o c i a t e d   w i t h   the  i n n e r  

c y l i n d e r   is  o p e n .  

F l u i d   s e a l s   a re   p r o v i d e d   b e t w e e n   the   p i s t o n   and  the  i n n e r  

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

o u t e r   w a l l s   of  the   i n n e r   c y l i n d e r .   The  i n n e r   c y l i n d e r  

p r e f e r a b l y   runs   s u b s t a n t i a l l y   the   l e n g t h   of  the   o u t e r  

c y l i n d e r   and  is  c o n n e c t e d   to  the  o u t e r   c y l i n d e r   at   a  p o i n t  

a t   or  a d j a c e n t   the  end  of  the  o u t e r   c y l i n d e r   r e m o t e   f r o m  



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

a t t a c h e d   to  the   s a i d   p i s t o n   p a s s e s .   The  c o n n e c t i o n   of  t h e  

i n n e r   c y l i n d e r   to  t he   o u t e r   c y l i n d e r   is  t h e r e f o r e  

p r e f e r a b l y   at   a  p o i n t   o u t s i d e   the   n o r m a l   r a n g e   o f  

m o v e m e n t s   of  t he   p i s t o n   w i t h i n   the   o u t e r   c y l i n d e r .  

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

b e t w e e n   the   i n n e r   and  o u t e r   c y l i n d e r s   o c c u r s   is  p r e f e r a b l y  

l o c a t e d   a t   or  a d j a c e n t   to  the   p o i n t   a t   w h i c h   the   i n n e r  

c y l i n d e r   is  c o n n e c t e d   to  the   o u t e r   c y l i n d e r ,   a g a i n   at  a  

p o i n t   o u t s i d e   t he   n o r m a l   r a n g e   o f   m o v e m e n t   of  the   p i s t o n  

w i t h i n   t he   o u t e r   c y l i n d e r   as  the  m e c h a n i s m   by  w h i c h   t h e  

v a l v e   m a y  b e   o p e n e d   and  c l o s e d   may  be  in  a c c o r d a n c e   w i t h  

known  a r r a n g e m e n t s .   A l t e r n a t i v e l y ,   and  in  a c c o r d a n c e   w i t h  

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

v a l v e   and  i n n e r   c y l i n d e r   a r e   c o n s t r u c t e d   a s  a   u n i t .   I n  

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

e x t e n d i n g   t h r o u g h   a  s e a l i n g   a r r a n g e m e n t   in  t he   end  of  t h e  

o u t e r   c y l i n d e r ,   s e a l e d   a t   i t s   o u t e r   e n d .   The  a r r a n g e m e n t  

i s   such   t h a t   p r e s s u r e   on  the   o u t e r   end  of  t h e  

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

p a s s a g e   to  the  i n t e r i o r   of  t he   i n n e r   c y l i n d e r   to  come  i n t o  

c o m m u n i c a t i o n   w i t h   the   i n t e r i o r   of  t he   o u t e r   c y l i n d e r   a n d  

t h e r e b y   a l l o w   f l u i d   to  p a s s   b e t w e e n   t he   two.   In  t h i s   f o r m  

of  the   i n v e n t i o n  t h e   i n n e r   c y l i n d e r   can  be  c o n s i d e r e d   t o  

be  an  e x t e n s i o n   of  the   v a l v e   body .   A  f l a n g e   f o r m e d   on  t h e  

c y l i n d e r   by  w e l d i n g   or  f o r   e x a m p l e   by  c r i m p i n g   of  t h e  

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

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

s e a l s   t h e r e b e t w e e n .  

A c c o r d i n g   to  a n o t h e r   a s p e c t   of  the  i n v e n t i o n ,   t h e r e   i s  

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

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



s e a l e d   to  the  c y l i n d e r   w a l l ,   a  h o l l o w   p i s t o n   rod  e x t e n d i n g  

f rom  one  s i d e   of  the  p i s t o n   and  h a v i n g   a  c l o s e d   end  w h i c h  

e x t e n d s   ou t   of  one  end  of  the  c y l i n d e r ,   a  h o l l o w   a c t u a t i n g  

rod   e x t e n d i n g   a x i a l l y   of  the  s t r u t   t h r o u g h   the  p i s t o n   t o  

c o m m u n i c a t e   w i t h   the  h o l l o w   p i s t o n   rod  and  e x t e n d i n g   a t  

i t s   c l o s e d   end  t h r o u g h   the  o t h e r   end  of  the   c y l i n d e r ,   a n d  

v a l v e   means  o p e r a b l e   by  a x i a l   d i s p l a c e m e n t   of  t h e  

a c t u a t i n g   rod  to  open  and  c l o s e   f l u i d   c o m m u n i c a t i o n   f r o m  

one  s i d e   of  the  p i s t o n   to  the  o t h e r .  

The  v a l v e   means  is  p r e f e r a b l y   p r o v i d e d   by  s e a l i n g   t h e  

o u t e r m o s t   end  of  the   a c t u a t i n g   r o d ,   p r o v i d i n g   an  a p e r t u r e  

t h r o u g h   the  w a l l   of  the   h o l l o w   p i s t o n - r o d   on  s a i d   one  s i d e  

of  the   p i s t o n ,   t h e r e   b e i n g   an  a n n u l a r   f l u i d   p a s s a g e  
b e t w e e n   the   o u t e r   d i a m e t e r   of  the   a c t u a t i n g   rod  and  t h e  

i n n e r   d i a m e t e r   of  the   p i s t o n   r o d ,   p r o v i d i n g   an  a p e r t u r e  

t h r o u g h   the  w a l l   of  the   a c t u a t i n g   rod  and  a r r a n g i n g   t h e  

a c t u a t i n g   rod  so  t h a t   the   a p e r t u r e   t h r o u g h   i t s   w a l l   i s  

n o r m a l l y   b l o c k e d   o f f ,   bu t   can  be  d i s p l a c e d   a x i a l l y   t o  

a l l o w   the  i n t e r i o r  o f   the  a c t u a t i n g   rod  to  c o m m u n i c a t e ,  

t h r o u g h   the   a p e r t u r e ,   w i t h   the  f l u i d   s p a c e   in  the  c y l i n d e r  

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

The  a p e r t u r e   t h r o u g h   the  w a l l   of  the   a c t u a t i n g   rod  i s  

p r e f e r a b l y   b l o c k e d   o f f   by  a  p l u g   f i t t e d   at   one  end  of  t h e  

c y l i n d e r   i n t o   wh ich   the  a p e r t u r e   e n t e r s   when  the  a c t u a t i n g  

rod  is  not  a x i a l l y   d i s p l a c e d .   The  p l u g   may  i n c l u d e   a  p a i r  

of  ' 0 '   r i n g s   which   w i l l   s e a l   a r o u n d   the   a c t u a t i n g   rod  o n  

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

s p o o l   v a l v e .  

The  p o r t i o n   of  the  a c t u a t i n g   rod  c o n t a i n i n g   the  a p e r t u r e  

may  be  n e c k e d ,   so  t h a t   the  e d g e s   of  the   a p e r t u r e   do  n o t  

move  a g a i n s t   the  'O'  r i n g   s e a l s   which   m i g h t   r e d u c e   t h e  



l i f e   of  t h e s e   s e a l s .   ; 

The  c y l i n d e r   is  p r e f e r a b l y   s e a l e d ,   at  the  end  from  w h i c h  

t he   p i s t o n   rod  e x t e n d s ,   by  a  l u b r i c a t e d   or  s e l f  

l u b r i c a t i n g   s e a l .  

In  a n o t h e r   a s p e c t   the   i n v e n t i o n   p r o v i d e s   a  t e l e s c o p i c  

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

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

w a l l ,   a  h o l l o w   p i s t o n   rod  e x t e n d i n g   from  one  s i d e   of  t h e  

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

a c t u a t i n g   rod   e x t e n d i n g   a x i a l l y   in  the  c y l i n d e r   on  t h e  

o t h e r   s i d e   of  t he   p i s t o n   w i t h   one  end  of  the  a c t u a t i n g   r o d  

e x t e n d i n g   o u t   of  t he   o t h e r   end  of  the  c y l i n d e r   and  t h e  

o t h e r   end  of  t he   a c t u a t i n g   rod  e x t e n d i n g   t h r o u g h   t h e  

p i s t o n   and  i n s i d e   t he   p i s t o n   r o d ,   and  v a l v e   means  o p e r a b l e  

by  a x i a l   d i s p l a c e m e n t   of  the   a c t u a t i n g   rod  to  open  a n d  

c l o s e   f l u i d   c o m m u n i c a t i o n   from  one  s i d e   of  the  p i s t o n   t o  

t h e   o t h e r .  

The  f l u i d   is  p r e f e r a b l y   c o m p r e s s i b l e   and  is  p r e f e r a b l y   a 

g a s .  

The  v a l v e   means   may  be  p r o v i d e d   as  s e t   f o r t h   above  and  c a n  

be  p r o d u c e d   v e r y   s i m p l y .  

The  s t r u t   is  p r e f e r a b l y   used   w i t h   the  p i s t o n   r o d  

p r o j e c t i n g   d o w n w a r d s   from  the  c y l i n d e r ,   and  the  e x p o s e d  

end  of  the  a c t u a t i n g   rod  at  the   top  of  the  s t r u t .   The  

s e a l   wh ich   c l o s e s   the   b o t t o m   end  of  the  c y l i n d e r  m a y  

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

t he   c y l i n d e r   and  a l s o   to  p r e v e n t   any  p o s s i b i l i t y   of  any  

f o r e i g n   m a t t e r   e n t e r i n g   the  c y l i n d e r   u n d e r   e x t r e m e  

c o n d i t i o n s   of  u s e .  



A c c o r d i n g   to  a  y e t   f u r t h e r   a s p e c t   of  the  i n v e n t i o n ,   t h e r e  

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

c y l i n d e r   w i t h   two  p i s t o n s   in  the  c y l i n d e r ,   a  f i r s t   of  t h e  

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

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

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

t h e   f i r s t   s p a c e ,   a  p i s t o n   rod  c o n n e c t e d   to  the  s e c o n d  

p i s t o n   and  an  a c t u a t i n g   rod  e x t e n d i n g   a x i a l l y   of  the  s t r u t  

and  t h r o u g h   the  s e c o n d   p i s t o n ,   and  v a l v e   means  o p e r a b l e   by 

an  a x i a l   d i s p l a c e m e n t   of  the  a c t u a t i n g   rod  to  open  a n d  

c l o s e   f l u i d   c o m m u n i c a t i o n   from  one  s i d e   of  the  s e c o n d  

p i s t o n   to  the  o t h e r .  

T h e  u s e   of  a  n o n - c o m p r e s s i b l e   f l u i d ,   o c c u p y i n g   the  m a j o r  

p a r t   of  the  i n t e r n a l   vo lume   of  the  c y l i n d e r ,   means   t h a t  

t h e   s t r u t ,   when  l o c k e d ,   is  r e l a t i v e l y   r i g i d .   In  c o n t r a s t ,  

when  gas  or  a n o t h e r   c o m p r e s s i b l e   f l u i d   is  u s e d ,   the   s t r u t  

w i l l   have  a  c e r t a i n   amoun t   of  " g i v e "   when  l o c k e d .  

The  v a l v e   means  may  be  c o n s t r u c t e d   in  a  s i m i l a r   m a n n e r   t o  

t h a t   s e t   f o r t h   a b o v e .   The  f i r s t   p i s t o n   p r e f e r a b l y   i s  

f r e e l y   m o v a b l e   in  the  c y l i n d e r ,   in  r e s p o n s e   to  t h e  

p r e s s u r e s   of  the   f l u i d s   on  e i t h e r   s i d e ,   bu t   may  be  l i m i t e d  

by  a  s t o p   f i x e d   in  the  c y l i n d e r   in  the  n o n - c o m p r e s s i b l e  

f l u i d   s p a c e .   A d d i t i o n a l l y ,   i t   may  be  a d v a n t a g e o u s   t o  

p r o v i d e   a  s e c o n d   s t o p   on  the  o t h e r   s i d e   of  the  f i r s t  

p i s t o n .   The  f i r s t   p i s t o n   can  be  on  the  p i s t o n   rod  s i d e   o f  

t h e   s e c o n d   p i s t o n .  

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  

The  i n v e n t i o n   w i l l  n o w   be  f u r t h e r   d e s c r i b e d ,   by  way   o f  

e x a m p l e ,   w i t h   r e f e r e n c e   to  the  a c c o m p a n y i n g   d r a w i n g s ,   i n  



w h i c h : -  

F i g u r e   1  is   a  s e c t i o n  t h r o u g h   a  f i r s t   e m b o d i m e n t   of  s t r u t  

in  a c c o r d a n c e   w i t h   the  i n v e n t i o n ;  

F i g u r e   2  is   a  d e t a i l   of  one  end  of  a  m o d i f i c a t i o n   of  t h e  

s t r u t   shown  in  F i g u r e   1 ;  

F i g u r e   3  is   a  d e t a i l   of  p a r t   of  t he   a c t u a t i n g   r o d ;  

F i g u r e   4  is   a  d e t a i l   of  p a r t   of  a  m o d i f i e d   a c t u a t i n g   r o d ;  

F i g u r e   5  i s   a  s e c t i o n   t h r o u g h   a  s e c o n d   e m b o d i m e n t   of  s t r u t  

in  a c c o r d a n c e   w i t h   the  i n v e n t i o n ;  

F i g u r e   6  i s   a  d e t a i l   o f  p a r t   of  t he   s t r u t   of  F i g u r e   5 ;  

F i g u r e   7  i s   a  s e c t i o n   t h r o u g h   a  t h i r d   e m b o d i m e n t   of  s t r u t  

a c c o r d i n g   to  t h e   i n v e n t i o n ;  

F i g u r e   8  i l l u s t r a t e s   a  p r a c t i c a l   a p p l i c a t i o n   of  a  s t r u t   i n  

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

F i g u r e   9  i s   a  f r a g m e n t a r y   v iew  of  a n o t h e r   e m b o d i m e n t   o f  

s t r u t   a c c o r d i n g  t o   the  i n v e n t i o n .  

D e t a i l e d   d e s c r i p t i o n   of  d r a w i n g s .  

The  s t r u t   shown  in  F i g u r e   1  has   a  c y l i n d e r   10  c o n t a i n i n g   a  

p i s t o n   12.  The  p i s t o n   12  is   s e a l e d   a g a i n s t   the  c y l i n d e r  

w a l l s   by  an  ' 0 '   r i n g   14.  The  two  ends   of  the  c y l i n d e r   10 

a r e   c l o s e d   by  p l u g s   16  and  18.  A  h o l l o w   p i s t o n   rod  20 

e x t e n d s   f rom  the   p i s t o n   12  and  o u t   of  the   r i g h t - h a n d   e n d  

(as   shown  in  F i g u r e   1)  of  the   c y l i n d e r .   The  end  of  t h e  



p i s t o n   rod  20  is  c l o s e d   by  a  p l u g   22.  An  a p e r t u r e   24  i n  

t h e   w a l l   of  t he   p i s t o n   rod  20  a l l o w s   c o m m u n i c a t i o n   b e t w e e n  

t h e   i n t e r i o r   of  the   c y l i n d e r   to  the  r i g h t   of  the   p i s t o n   12  

and  the   i n t e r i o r   of  the   p i s t o n   r o d .  

The  s t r u t   shown  c o n t a i n s   g a s  u n d e r   p r e s s u r e .   In  o r d e r   t o  

m a i n t a i n   e f f i c i e n t   w o r k i n g   of  the   0 - r i n g   s e a l   14  and  o f  

s e a l s   in  the  end  p l u g s   16  and  18,  a  s m a l l   q u a n t i t y   o f  

l u b r i c a n t   is  i n t r o d u c e d   i n t o   the  c y l i n d e r   10  on  a s s e m b l y .  

An  a c t u a t i n g   rod  26  i s   a l s o   h o l l o w   and  is  c l o s e d   a t   i t s  

o u t e r   end  by  a  p l u g   28.  The  a c t u a t i n g   rod  e x t e n d s   t h r o u g h  

t h e   p i s t o n   1 2  w h e r e   i t   is  s e a l e d   by  means   of  an  ' 0 '   r i n g  

30  and  i n t o   t he   i n t e r i o r   of  the   p i s t o n   rod  20.  T h e  

a c t u a t i n g   rod  is  p r o v i d e d   w i t h   a  r a d i a l   e n l a r g e m e n t   3 2  

w h i c h   l i m i t s   i t s  m o v e m e n t   ou t   of  the   c y l i n d e r ,   and  has  a n  

a p e r t u r e   34  t h r o u g h   the   w a l l   of  the   r o d .  

In  the   p o s i t i o n   shown  in  F i g u r e   1,  gas   u n d e r   p r e s s u r e   i s  

c o n t a i n e d   w i t h i n   t he   c y l i n d e r   on  b o t h   s i d e s   of  the   p i s t o n  

12.  H o w e v e r ,   t h e r e   is  no  p a t h   wh ich   the   gas   may  f o l l o w   t o  

e s c a p e   f rom  one  s i d e  o f   t he   p i s t o n   to  the   o t h e r .   T h e  

s t r u t   is  t h e r e f o r e   l o c k e d ,   a l t h o u g h   t h e r e   may  be  a  c e r t a i n  

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

g a s .   I t   w i l l   be  s e e n   t h a t   the   a p e r t u r e   34  is   b l o c k e d   o f f  

w i t h i n   a  p l u g   36  w h i c h   is  p r o v i d e d   w i t h   ' 0 '   r i n g s   38  a n d  

4 0 .  

To  a d j u s t   the  l e n g t h   of  the   s t r u t ,   the   a c t u a t o r   rod  26  i s  

p r e s s e d   a x i a l l y   i n t o   t he   c y l i n d e r .   When  t h i s   h a p p e n s ,   t h e  

a p e r t u r e   34  w i l l   c o m m u n i c a t e   w i t h   the  i n t e r i o r   of  t h e  

c y l i n d e r  o n   the   l e f t - h a n d   s i d e   of  the   p i s t o n   12,  and  g a s  

can   t h e n   f l ow  from  one  s i d e   of  the   p i s t o n   to  the   o t h e r .  

I f   t h e r e   is  a  load   o n  t h e   p i s t o n   rod  20  a t   the   t i m e ,   t h e  



p i s t o n   12  w i l l   move  to  the  l e f t   and  gas   f rom  the  l e f t - h a n d  

s i d e   of  the   p i s t o n   w i l l   f l ow  t h r o u g h   the   a p e r t u r e   3 4 ,  

a l o n g   the   h o l l o w   w a l l   o f   the   rod  26,   i n t o   the   h o l l o w  

i n t e r i o r   of  t he   rod  20,  ou t   t h r o u g h   the  a p e r t u r e   24  a n d  

i n t o   t he   c y l i n d e r   10  on  the   r i g h t - h a n d   s i d e   of  the  p i s t o n  

1 2 .  

I f   t he   a c t u a t o r   rod  26  i s   p r e s s e d   in  when  t h e r e   is  no  l o a d  

on  the   p i s t o n   rod  20,  t h e n   the   p i s t o n   w i l l   move  in  t h e  

o p p o s i t e   d i r e c t i o n   and  gas  w i l l   f l o w   in  the   o p p o s i t e  

d i r e c t i o n   to  t h a t   j u s t   d e s c r i b e d .  

F i g u r e   2  s h o w s   the   same  c o m p o n e n t s   as  F i g u r e   1,  but   i n  

F i g u r e   2  t h e   end  of  the   c y l i n d e r   10  i s   t a p e r e d   so  t h a t   t h e  

s t r u t   can  be  u s e d  i n   a p p l i c a t i o n s  w h e r e   a  s t a n d a r d   s i z e d ,  

t a p e r e d   end  is  r e q u i r e d   to  m a t e   w i t h   s t a n d a r d   e n d  

f i t t i n g s .  

F i g u r e   7  s h o w s   an  a l t e r n a t i v e   a s s e m b l y   w h e r e   t he   end  o f  

t h e   c y l i n d e r   10  is   t a p e r e d .   He re   t he   p l u g s   16  and  36  a n d  

t h e   O - r i n g s   38  and  40  a r e   f i t t e d   a t   t he   end  of  t h e  

p a r a l l e l - s i d e d   p a r t   of  the   c y l i n d e r   and  t h e r e f o r e   do  n o t  

h a v e   to  c o n f o r m   to  the  t a p e r e d   w a l l s   of  the   c y l i n d e r .  

I t   is  n e c e s s a r y   f o r   an  a c t u a t i n g   member   to  be  e x p o s e d   a t  

t he   end  of  t he   c y l i n d e r   10.  To  t h i s   e n d ,   e i t h e r   t h e  

a c t u a t i n g   rod  26  can   be  e x t e n d e d   t h r o u g h   the   t a p e r e d   e n d  

of  the   c y l i n d e r   o r ,   as  shown,   a  s l i d a b l e   p l u g   39  w i t h   a  

b o s s   41  can   be  u s e d   to  t r a n s m i t   an  a c t u a t i o n   p r e s s u r e   t o  

t h e   a c t u a t i n g   r o d .  

F i g u r e   3  s h o w s   the  a c t u a t i n g   rod  26  on  i t s   own.  I t   w i l l  

be  s e e n   t h a t   the   rod  is  u p s e t   to  p r o v i d e   the   a b u t m e n t   3 2  

w h i c h   l i m i t s   o u t w a r d   movement   of  t he   rod  r e l a t i v e   to  t h e  



c y l i n d e r   1 0 .  

F i g u r e   4  s h o w s   a  m o d i f i c a t i o n   w h e r e   the   p a r t   of  the   rod  26  

c o n t a i n i n g   the   a p e r t u r e   34  is  r e d u c e d   in  d i a m e t e r .   T h i s  

is   done   to  p r e v e n t   the   e d g e s   of  t he   a p e r t u r e   34  f r o m  

c o n t a c t   w i t h   the   ' 0 '   r i n g s   38  and  40.  B e c a u s e   t h e  

a p e r t u r e   mus t   move  p a s t   at  l e a s t   the   ' 0 '   r i n g   38  on  i t s  

a c t u a t i o n ,   i t   is  i m p o r t a n t   t h a t   the   ' 0 '   r i n g   s h o u l d   n o t  

w e a r   a g a i n s t   the   e d g e s   of  the   a p e r t u r e   and  t h e  

m o d i f i c a t i o n   shown  in  F i g u r e   4  w i l l   p r e v e n t   undue   w e a r  

t a k i n g   p l a c e .  

F i g u r e   5  s h o w s   a  s t r u t   fo r   use   w i t h   a  n o n - c o m p r e s s i b l e  

m e d i u m   i n s i d e   the   c y l i n d e r .   O i l   is  an  e x a m p l e   of  such   a  

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

to  u se   a  n o n - c o m p r e s s i b l e   med ium  s i n c e   t h i s   w i l l   make  t h e  

s t r u t   more   r i g i d   when  l o c k e d .   H o w e v e r ,   as  the   s t r u t  

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

c y l i n d e r   10,  a c t u a t i n g   rod  26  and  p i s t o n   rod  20  w i l l   v a r y .  
A  n o n - c o m p r e s s i b l e   f l u i d   c a n n o t   cope   w i t h   t h i s   v a r i a t i o n  

in  v o l u m e ,   so  i t   is  n e c e s s a r y   to  p r o v i d e   a  f a c i l i t y  

w h e r e b y   c o m p e n s a t i o n   is  p r o v i d e d   f o r   such   c h a n g e s   in  t h e  

w o r k i n g   c y l i n d e r   v o l u m e .  

In  F i g u r e   5,  p a r t s   w h i c h   a re   e q u i v a l e n t   to  t h o s e   shown  i n  

F i g u r e s   1  a n d   2  b e a r   the  same  r e f e r e n c e   n u m e r a l s .  

In  F i g u r e   5,  an  a u x i l i a r y   p i s t o n   50  is   p r o v i d e d   in  t h e  

c y l i n d e r .   T h i s   a u x i l i a r y   p i s t o n   is  f r e e   to  move  in  t h e  

c y l i n d e r   and  s e p a r a t e s   an  o i l - f i l l e d   s p a c e   58  on  i t s   l e f t -  

hand   s i d e   f rom  an  a i r - f i l l e d   s p a c e   54  on  i t s   r i g h t - h a n d  
s i d e .   The  p i s t o n   w i l l   be  moved  as  a  r e s u l t   of  t h e  

p r e v a i l i n g   p r e s s u r e s   on  e i t h e r   s i d e .  



An  i n t e r n a l   ' 0 '   r i n g   52  s e r v e s   to  s e a l   t he   p i s t o n   on  t h e  

p i s t o n   rod  20.   An  e x t e r n a l   ' 0 '   r i n g   56  s e a l s   t he   p i s t o n  

50  a g a i n s t   t he   c y l i n d e r   w a l l s .  

In  u s e ,   the   p i s t o n   12  moves   a l o n g   the   c y l i n d e r   in  the   s a m e  

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

t r a n s f e r s   f rom  one  s i d e   of  t he   p i s t o n   60  to   t he   o t h e r   s i d e  

58.   As  the   p i s t o n   moves  to  the   r i g h t ,   t h e r e   is  a  s m a l l  

i n c r e a s e   in  t he   i n t e r n a l   v o l u m e   of  the   c o m b i n e d   o i l   s p a c e s  
58  and  60,   and  t h i s   i n c r e a s e   is  t a k e n   up  by  e x p a n s i o n   o f  

t h e   a i r   in  t he   s p a c e   54  and  c o n s e q u e n t   m o v e m e n t   of  t h e  

a u x i l i a r y   p i s t o n   50  to  the  l e f t .   When  the   p i s t o n   12  m o v e s  
in  the   o t h e r   d i r e c t i o n ,   t h e r e   is   an  o p p o s i t e   e f f e c t .  

F i g u r e   6  s h o w s   one  t y p e   of  l u b r i c a t e d   s e a l   w h i c h   can  b e  

u s e d   a d j a c e n t   the   end  p l u g   18  w h i c h   b o u n d s   an  a i r - f i l l e d  

s p a c e .   The  s e a l   is  h e l d   in  p l a c e   by  an  a n n u l a r   r i b   6 2  

f o r m e d   ou t   of  t he   c y l i n d e r   w a l l .   A  d i s c   64  h o l d s   an  O -  

r i n g   66  in  an  a n n u l a r   c a v i t y   in  a  m e t a l   s u p p o r t   68.  A t  

t h e   o t h e r   end  of  t he   s u p p o r t   68  i s   a  r u b b e r   s e a l i n g   r i n g  

w h i c h   p r e v e n t s   o i l   c o n t a i n e d   in  a  s p a c e   69  f rom  l e a k i n g  

o u t .   The  o i l   l u b r i c a t e s   the   O - r i n g   66,  and  i t   is  t h i s   0 -  

r i n g   w h i c h   a c t s   as  the   s e a l   to  m a i n t a i n   t he   a i r   s p a c e   54  

a i r t i g h t .  

F i g u r e   7  s h o w s   an  a l t e r n a t i v e   s e a l   67,   w h i c h   has  a  n u m b e r  

of   a n n u l a r   r i b s   in  c o n t a c t   w i t h   the   rod  20.  I f   n e c e s s a r y ,  
t h e   g r o o v e s   b e t w e e n   the   r i b s   may  be  f i l l e d   w i t h   g r e a s e .  

A d d i t i o n a l l y   or  a l t e r n a t i v e l y ,   a  bush   65  of  n y l o n ,   p t f e   o r  

a c e t a l   may  be  i n c l u d e d   to  r e d u c e   t he   f r i c t i o n   on  t h e  

p i s t o n   r o d .   P o s s i b l y   the   s e a l   67  i t s e l f   c o u l d   be  of  a  l o w  

f r i c t i o n   m a t e r i a l .  

F i g u r e   8  s h o w s   a  t e l e s c o p i c   s t r u t   10  a c c o r d i n g   to  t h e  



i n v e n t i o n   u sed   in  an  o f f i c e   c h a i r .   The  s t r u t   10  i s  

l o c a t e d   by  a  g u i d e   bush   84  s e c u r e d   in  an  o u t e r   s u p p o r t  

t u b e   8 2  s u p p o r t e d   in  a  c h a i r   b a s e   78.  The  b a s e   78  h a s  

c a s t o r s   80  and  the   l o w e r  e n d   of  the  t u b e   82  i s   s u p p o r t e d  

by  a  t h r u s t   s w i v e l   b e a r i n g   g e n e r a l l y   i n d i c a t e d   a t   76.  T h e  

u p p e r   end  of  the  s t r u t   10  is  a t t a c h e d   to  the   s e a t  

f r a m e w o r k   72  w h i c h   c a r r i e s   a  s e a t   c u s h i o n   70.  An 

o p e r a t i n g   knob  74  i s   m o v a b l e   to  o p e r a t e   the   b u t t o n   26  o f  

t he   t e l e s c o p i c   s t r u t .   H e n c e ,   m o v e m e n t   of  the   knob  74  

o p e n s   the   v a l v e   means   of  the   s t r u t   10  and  t h e r e b y   e n a b l e s  

t he   e f f e c t i v e   l e n g t h   of  the   s t r u t   to  be  v a r i e d ,   i n  

s t e p l e s s   i n c r e m e n t s ,   to  a d j u s t   the   h e i g h t   of  the   s e a t .  

In  the   p r e v i o u s   e m b o d i m e n t s ,   the   rod  26  i s   a x i a l l y   m o v a b l e  

in  the   o u t e r   c y l i n d e r   and  f o r m s   an  a c t u a t i n g   r o d .   T h i s   i s  

p r e f e r r e d   bu t   not   e s s e n t i a l .   The  e m b o d i m e n t   of  F i g u r e   9 

s h o w s   an  i n n e r   t r a n s f e r   t u b e   86  w h i c h   is  a x i a l l y   f i x e d   i n  

t h e   o u t e r   c y l i n d e r   88.   One  end  of  the   t u b e   86  i s   a t t a c h e d  

to  or  i n t e g r a l   w i t h   an  end  p l u g   90  h a v i n g   an  a n n u l a r  

r e c e s s   92  c o m m u n i c a t i n g   w i t h   an  a x i a l   p a s s a g e   94  e x t e n d i n g  

t h r o u g h   the   p l u g   9 0 .  

A  v a l v e   body  95  and  an  a d j a c e n t   o u t e r   end  p l u g   9 6  

a c c o m m o d a t e   a  s l i d a b l y   o p e r a t i n g   rod  or  b u t t o n   98  of  t h e  

v a l v e   m e a n s .   The  body  95  has   a  p a s s a g e   102  w h i c h  

c o m m u n i c a t e s   w i t h   t he   a n n u l a r   r e c e s s   92  and  the   p a s s a g e  
94.  In  the   c l o s e d   p o s i t i o n   of  the  v a l v e   means   ( a s  

i l l u s t r a t e d   in  F i g u r e   9 ) ,   a  c h a m b e r   104  a t   one  end  of  t h e  

i n t e r i o r   of  the   i n n e r   t r a n s f e r   t ube   86  is   s e a l e d   f rom  t h e  

p a s s a g e   102  by  an  O - r i n g   s e a l   108.   When  the   o p e r a t i n g   r o d  

or   b u t t o n   98  is   moved  to  the   r i g h t   as  v i e w e d   in  F i g u r e   9 ,  

a  neck  106  of  the  rod  or  b u t t o n   98  c l e a r s   the   0 - r i n g   s e a l  

108  and   the  c h a m b e r   104  is  in  c o n s e q u e n c e   p l a c e d   i n  

c o m m u n i c a t i o n   w i t h   the   p a s s a g e   102,   and  t h e n c e   w i t h   t h e  



c h a m b e r   1 1 0 .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   the   r i g h t - h a n d   end  of  the   t u b e  

86  p r o j e c t s   t h r o u g h   a  p i s t o n   14  and  e x t e n d s   i n t o   a  h o l l o w  

p i s t o n   rod  20,  l i k e   the   e m b o d i m e n t   of  F i g u r e   1.  H e n c e ,  

when  t he   c h a m b e r   104  is  p l a c e d   in  c o m m u n i c a t i o n   w i t h   t h e  

p a s s a g e   102  t he   two  s i d e s   of  the   p i s t o n   14  a r e   p l a c e d   i n  

c o m m u n i c a t i o n ,   in  a  m a n n e r   c o m p a r a b l e   to  t h e   p r e v i o u s l y  

d e s c r i b e d   e m b o d i m e n t s .  



1.  A  t e l e s c o p i c   s t r u t ,   l o c k a b l e   in  s t e p l e s s   i n c r e m e n t s   o f  

e x t e n s i o n ,   c o m p r i s i n g   an  o u t e r   c y l i n d e r   s e p a r a t e d   i n t o  

f i r s t   and  s e c o n d   c h a m b e r s   b y  a   p i s t o n ,   and  an  i n n e r  

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

and  s e c o n d   c h a m b e r s   when  a  v a l v e   a s s o c i a t e d   w i t h   the  i n n e r  

c y l i n d e r   is  o p e n .  

2.  A  t e l e s c o p i c   s t r u t   a c c o r d i n g   to  C l a i m   1,  w h e r e i n   t h e  

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

c y l i n d e r   and  the  v a l v e   means   a r e   o p e r a b l e   as  a  r e s u l t   o f  

a x i a l   m o v e m e n t  o f   the   i n n e r   c y l i n d e r .  

3.  A  t e l e s c o p i c   s t r u t   a c c o r d i n g   to  C l a i m   1 ,  w h e r e i n   t h e  

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

o u t e r   c y l i n d e r ,   the   v a l v e   means   b e i n g   o p e r a b l e   i n  

d e p e n d e n c e   upon  a x i a l   d i s p l a c e m e n t   of  an  a c t u a t i n g   m e m b e r  

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

4.  A  t e l e s c o p i c   s t r u t   c o m p r i s i n g   a  s e a l e d   c y l i n d e r  

c o n t a i n i n g   a  f l u i d ,   a  p i s t o n   f i t t e d   in  t he   c y l i n d e r   a n d  

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

f rom  one  s i d e   of  the   p i s t o n   and  ou t   of  one  end  of  t h e  

c y l i n d e r ,   a  h o l l o w   a c t u a t i n g   rod   e x t e n d i n g   a x i a l l y   in  t h e  

c y l i n d e r   on  the  o t h e r   s i d e   of  t he   p i s t o n   w i t h   one  end  o f  

t h e   a c t u a t i n g   rod  e x t e n d i n g   o u t   of  the   o t h e r   end  of  t h e  

c y l i n d e r   and  the  o t h e r   end  of  t he   a c t u a t i n g   rod  e x t e n d i n g  

t h r o u g h   the  p i s t o n   and  i n s i d e   t he   p i s t o n   r o d ,   and  v a l v e  

means   o p e r a b l e   by  a x i a l   d i s p l a c e m e n t   of  the   a c t u a t i n g   r o d  



to   open  and  c l o s e   f l u i d   c o m m u n i c a t i o n   f rom  one  s i d e   of  t h e  

p i s t o n   to  the   o t h e r .  

5.  A  s t r u t   as  c l a i m e d   in  C l a i m   4,  w h e r e i n   the  f l u i d   is  a  

c o m p r e s s i b l e   f l u i d .  

6.  A  s t r u t   as  c l a i m e d   in  C l a i m   5,  w h e r e i n   t h e  

c o m p r e s s i b l e   f l u i d   is  a  g a s .  

7.  A  s t r u t   as  c l a i m e d   in  C l a i m   4,  w h e r e i n   the   h o l l o w  

a c t u a t i n g   rod  is  s e a l e d   at  i t s   o u t e r m o s t   end ,   an  a p e r t u r e  

i s   p r o v i d e d   t h r o u g h   the  w a l l   of  t h e   h o l l o w   p i s t o n   rod  o n  

s a i d   one  s i d e   of  the   p i s t o n ,   t h e r e   b e i n g   an  a n n u l a r   f l u i d  

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

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

a p e r t u r e   is  p r o v i d e d   t h r o u g h   the   w a l l   of  the   a c t u a t i n g   r o d  

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

d i s p l a c e m e n t   of  the   a c t u a t i n g   rod   to  e f f e c t   c o m m u n i c a t i o n  

t h r o u g h   t h e   two  a p e r t u r e s   and  the   a n n u l a r   p a s s a g e   b e t w e e n  

t h e   f l u i d   s p a c e   in  the  c y l i n d e r   on  the   two  s i d e s   of  t h e  

p i s t o n .  

8.  A  s t r u t   as  c l a i m e d   in  C l a i m   7,  w h e r e i n   the   s a i d   s e c o n d  

a p e r t u r e   i s  b l o c k e d   o f f  b y   a  p l u g   f i t t e d   a t   one  end  of  t h e  

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

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

9.  A  s t r u t   as  c l a i m e d   in  C l a i m   8,  w h e r e i n   the   p l u g  

i n c l u d e s   a  p a i r   o f  ' 0 '   r i n g   s e a l s   wh ich   form  w i t h   the  a  

s p o o l   v a l v e .  

10.  A  s t r u t   as  c l a i m e d   in  C l a i m   9,  w h e r e i n   the  p o r t i o n   o f  

t he   a c t u a t i n g   rod  c o n t a i n i n g   the   a p e r t u r e   is  n e c k e d ,   s o  

t h a t   the   e d g e s   of  the  a p e r t u r e   do  not  move  a g a i n s t   the  ' O '  



r i n g   s e a l s .  

11.  A  s t r u t   as  c l a i m e d   in  any  of  C l a i m s   4  to  10,  w h e r e i n  

the   c y l i n d e r   is  s e a l e d   a t   the   end  from  w h i c h   the  p i s t o n  

rod  e x t e n d s ,   by  a  l u b r i c a t e d   or  s e l f   l u b r i c a t i n g   s e a l .  

12.  A  s t r u t   as  c l a i m e d   in  C l a i m   11,  w h e r e i n   the   s e a l   w h i c h  

c l o s e s   the  b o t t o m   end  of  the   c y l i n d e r   i n c l u d e s   two  b a c k -  

t o - b a c k   s e a l s .  

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

two  p i s t o n s   in  the  c y l i n d e r ,   a  f i r s t   of  the   p i s t o n s  

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

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

w i t h   the  s e c o n d   p i s t o n   b e i n g   l o c a t e d   in  t he   f i r s t   s p a c e ,   a  

p i s t o n   rod  c o n n e c t e d   to  the   s e c o n d   p i s t o n   and  an  a c t u a t i n g  

rod  e x t e n d i n g   a x i a l l y   of  the   s t r u t   and  p a s s i n g   t h r o u g h   t h e  

s e c o n d   p i s t o n ,   and  v a l v e   means   o p e r a b l e   by  a x i a l  

d i s p l a c e m e n t   of  the   a c t u a t i n g   rod  to  open  and  c l o s e   f l u i d  

c o m m u n i c a t i o n   from  one  s i d e   of  the  s e c o n d   p i s t o n   to  t h e  

o t h e r .  

14.  A  s t r u t   as  c l a i m e d   in  C l a i m   13,  w h e r e i n   t he   f i r s t  

p i s t o n   is  f r e e l y   m o v a b l e   in  the   c y l i n d e r ,   in  r e s p o n s e   t o  

the   p r e s s u r e s   of  the   f l u i d s   on  e i t h e r   s i d e ,   bu t   is  l i m i t e d  

by  a  s t o p   f i x e d   in  the  c y l i n d e r   in  the  n o n - c o m p r e s s i b l e  

f l u i d   s p a c e .  

15.  A  s t r u t   as  c l a i m e d   in  C l a i m   12,  w h e r e i n   a  s e c o n d   s t o p  

is  p r o v i d e d   on  the  o t h e r   s i d e   of  the  f i r s t   p i s t o n .  
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