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©  Hydraulic  jack  and  method  for  making  the  same. 
©  A  hydraulic  jack  (10)  comprises  an  elongated  seamless! 
body  (11)  composed  of  an  impervious,  flexible  material 
inflatable  with  a  pressurized  hydraulic  fluid,  preferably 
water,  from  a  flattened  condition  to  an  expanded  condition. 
Afirst  closure  (12)  includes  elongated  elastomeric  seals  (16) 
for  sealing  a  first  end  of  the  body  into  a  flattened  form 
generally  conforming  to  the  composite  thickness  of  the  body 
and  exhibiting  high  burst  strength  and  sealing  capabilities.  A 
second  closure  (20),  having  at  least  one  hydraulic  fitting 
secured  thereon,  seals  the  second  end  of  the  body.  The  first 
closure  (12)  is  formed  by  punching  a  plurality  of  arcuately 
disposed  holes  (42)  through  the  body  (11),  anchoring  and 
stretching  the  body  (11)  to  dispose  the  holes  in  linear 
relationship,  and  then  clamping  and  sealing  the  open,  first 
end  of  the  body  with  a  pair  of  clamping  plates  (13). 
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Technica l   F ie ld  

This  i n v e n t i o n   g e n e r a l l y   r e la tes   to  a  h y d r a u l i c   jack  for  m o v i n g  

weigh ty   ob jec t s   and  more  p a r t i c u l a r l y   to  a  h y d r a u l i c   jack  h a v i n g   a  t u b u l a r  

body  e x p a n d a b l e   from  a  f l a t t e n e d   condi t ion  to  an  e x p a n d e d   condi t ion   i n  

r e s p o n s e   to  fillinÞ  t h e r e o f   with  h y d r a u l i c   f luid,   p r e f e r a b l y   w a t e r .  

B a c k g r o u n d   A r t  

A p p l i c a n t   has  over   t h i r t y   yea r s   of  e x p e r i e n c e ,   work ing   as  a n  

i r o n w o r k e r ,   r e l a t i n g   to  all  p h a s e s   of  high  and  heavy  r i g g i n g .   Dur ing   s u c h  

work  e x p e r i e n c e ,   a p p l i c a n t   has  e n c o u n t e r e d   many  u n u s u a l   e m e r g e n c y   s i t -  

u a t i o n s ,   such  as  f i re ,   f loods ,   e x p l o s i o n s ,   falling  ma te r i a l ,   e q u i p m e n t   f a i l u r e ,  

and  e a r t h q u a k e s ,   whe re in   the  need  for  a  h ighly   p o r t a b l e   and  ef f ic ient   l i f t i n g  

jack  was  n e e d e d .   For  example ,   many  such  e m e r g e n c i e s   r e s u l t e d   in  t h e  

e n t r a p m e n t   of  p e r s o n s   u n d e r   heavy   objects   which  r e q u i r e d   e x p e d i t i o u s   a n d  

p rec i se   removal   to  save  such  p e r s o n s .   In  add i t ion ,   d u r i n g   a p p l i c a n t ' s   w o r k  

e x p e r i e n c e   he  e n c o u n t e r e d   many  problems  r e la t ing   to  the  l i f t ing   or  moving  o f  

heavy   o b j e c t s ,   such  as  h e a v y   mach ine ry ,   b u i l d i n g s ,   b r i d g e s ,   a i r p l a n e s ,   a n d  

e t c .  

A l t h o u g h   t h e r e   are  a  number   of  commercial ly  ava i lab le   l i f t ing  j a c k s ,  

they  each  normal ly   r e q u i r e   a  s u b s t a n t i a l   c l ea rance ,   b e n e a t h   the  object  to  b e  

moved,   to  accommodate   the  r e t r a c t e d   jack  t h e r e u n d e r .   In  add i t ion ,   m a n y  

such  jacks   do  not  exh ib i t   su f f ic ien t   s t r u c t u r a l   i n t e g r i t y   and  l i f t ing  c a p a c i t i e s  

to  move  immense   loads  e f f i c i en t ly   and  s a f e l y .  

An  example   of  the  failing  of  the  pr ior   art  to  move  immense  loads  i s  

the  a b s e n c e   of  a  jack  sys tem  for  sav ing   the  Lean ing   Tower  of  Pisa  f r o m  



i n e v i t a b l e   d e s t r u c t i o n .   The  Tower   now  leans  a p p r o x i m a t e l y   16  feet  f r o m  

v e r t i c a l   at  an  a p p r o x i m a t e   angle  of  4°  35  min.  with  the  N o r t h   side  of  its  b a s e  

be ing   a p p r o x i m a t e l y   3  feet  h i g h e r   than   the  d i a m e t r i c a l l y   o p p o s i t e   South  s i d e  

t h e r e o f .   The  v e r s a t i l i t y   and  a d a p t a b i l i t y   of  a p p l i c a n t ' s   h y d r a u l i c   jack  will 

p r o v i d e   a  jack  s y s t e m   for  so lv ing   this  cr i t ical   p r o b l e m .  

As  s u g g e s t e d   a b o v e ,   many  p r io r   art  j acks   t h a t   have   the  c a p a b i l i t y  

of  moving  v e r y   h e a v y   loads   are  u n d u l y   complex  and  g e n e r a l l y   r e q u i r e   s p e c i a l  

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

and  v a l v e s ,   s ince   they   are  d e s i g n e d   to  ope ra t e   u n d e r   p r e s s u r e s   in  the  r a n g e s  

of  10,000  psi .   F u r t h e r m o r e ,   such  p r io r   art   jacks  are  b u l k y   and  are  i n c a p a b l e  

of  be ing   s t o r e d   and  t r a n s p o r t e d   to  a  job  site  in  a  compac t   manne r .   T h e  

a b o v e  t y p e   of  p r i o r   art  j acks   are  exempl i f i ed   by  U .S .   P a t e n t   Nos.  2 , 2 0 0 , 6 6 1 ;  

2 , 3 8 0 , 1 5 2 ;   3 , 0 2 6 , 5 4 1 ;   3 , 5 2 1 , 8 6 1 ;   3 , 7 4 4 , 7 5 6 ;   and  4 , 0 8 7 , 8 9 5 .  

A l t h o u g h   many  of  the  a b o v e - d i s c u s s e d   p r i o r   art   p rob l ems   are  s o l v e d  

by  the  type   of  i n f l a t a b l e   h y d r a u l i c   jack  d i sc losed   in  a p p l i c a n t ' s   p r ior   p u b l i c a -  

tion  P C T / U S   78 /00029 ,   such   jack  e x h i b i t s   o the r   d e f i c i e n c i e s .   For  e x a m p l e ,  

the  jack'g.   b u r s t   s t r e n g t h   is  l imited,   p a r t i c u l a r l y   when   the   jack  is  c r i m p e d ,  

and  the  c lamped  end  t h e r e o f   is  p r o n e   to  l e a k a g e .   O t h e r   t y p e s   of  i n f l a t a b l e  

j acks ,   also  e x h i b i t i n g   v a r i o u s   d e f i c i e n c i e s ,   are  d i s c l o s e d   in  U.S .   Pa tent   N o s .  

2 , 9 7 6 , 8 8 8 ;   3 , 0 8 4 , 9 6 1 ;   3 , 1 2 1 , 5 7 7 ;   3 , 9 2 4 , 8 4 3 ;   and  4 , 1 7 8 , 0 1 5 .  

D i s c l o s u r e   of  I n v e n t i o n  

An  ob jec t   of  this   i n v e n t i o n   is  to  p r o v i d e   a  n o n c o m p l e x   and  e c o n o m -  

ical  h y d r a u l i c   jack  which  will  exh ib i t   a  high  d e g r e e   of  s t r u c t u r a l   i n t e g r i t y ,  

l i f t ing   c a p a c i t y ,   and  v e r s a t i l i t y   and  a  method  for  m a k i n g   the  jack.   T h e  

h y d r a u l i c   jack  can  be  s t o r e d   and  t r a n s p o r t e d   in  coiled  form  and  uncoi led  at  a  

job  site  for  i n s e r t i o n   into  ve ry   small  c l e a r a n c e s   ( less   t han   one  inch)  unde r   a n  

object   to  be  moved .   The  in f l a t ion   of  the  jack,   n o r m a l l y   by  water   u n d e r   a  l i n e  

p r e s s u r e   of  less   t han   250  psi ,   can  be  closely  c o n t r o l l e d   to  lift,  lower,  o r  

o t h e r w i s e   move  the  object   in  small  i n c r e m e n t s ,   such   as  t h o u s a n d t h s   of  a n  



inch.   The  jack  can  be  powered   by  the  e n g m e - d r i v e n   pump  ol  a  lire  t r u c k   o r  

the  l ike,  a  hand   pump,   or  a  common  g a r d e n   h o s e .  

The  h y d r a u l i c   jack  c o m p r i s e s   an  e l o n g a t e d   and  seamless   t u b u l a r  

body  composed  of  an  i m p e r v i o u s ,   f lex ib le   mate r ia l   e x p a n d a b l e   from  a  f l a t t e n e d  

condi t ion   to  an  e x p a n d e d   cond i t ion   in  r e s p o n s e   to  filling  of  the  body   w i t h  

h y d r a u l i c   f lu id .   A  f i rs t   c l o su re   means  seals  the  f i r s t   end  of  the  body   i n t o  

f l a t t e n e d   form,  c o e x t e n s i v e   with  and  g e n e r a l l y   c o n f o r m i n g   to  the  c o m p o s i t e  

t h i c k n e s s   of  the   body   when  the  body   is  in  its  f l a t t e n e d   cond i t ion .   A  s e c o n d  

c losure   means  seals  the  second  end  of  the  body   and  at  least   one  h y d r a u l i c  

f i t t i ng   means  is  s e c u r e d   on  the  second   c l o s u r e   means  for  a t t a c h m e n t   to  a  

source   of  p r e s s u r i z e d   h y d r a u l i c   fluid  to  s e l e c t i v e l y   communica te   the  f l u i d  

i n t e r i o r l y   of  the  body  to  e x p a n d   it  from  its  f l a t t e n e d   condi t ion   to  i t s  

e x p a n d e d   c o n d i t i o n .  

In  one  a spec t   of  this   i n v e n t i o n ,   the  f i r s t   c losure   means  c o m p r i s e s   a  

pair   of  c lamping   p la tes   h a v i n g   the  f i r s t   end  of  the  body  c lamped  t h e r e -  

b e t w e e n ,   an  e l o n g a t e d   e l a s tomer ic   s ea l ing   member   pos i t ioned   b e t w e e n   e a c h  

c lamping  plate   and  the  body   the  h a v i n g   a  lip  e x t e n d i n g   over  an  i n b o a r d   e d g e  

of  the  c lamping  p la te ,   and  f a s t e n i n g   means  for  d r a w i n g   the  c l amping   p l a t e s  

t o g e t h e r   to  p r e c o m p r e s s   the  sea l ing   members   u n d e r   a  p r e d e t e r m i n e d   p r e s s u r e .  

In  a n o t h e r   aspec t   of  this  i n v e n t i o n ,   a  method  for  making  the  f i r s t  

c losure   means  i n c l u d e s   the  s t eps   of  fo rming   a  p l u r a l i t y   of  a r c u a t e l y   d i s p o s e d  

holes  t h r o u g h   the  b o d y ,   a n c h o r i n g   and  s t r e t c h i n g   the  body  to  align  the  h o l e s  

l i n e a r l y ,   and  c lamping   the  open  end  of  the  body   to  form  a  sealed  f i r s t   c l o s u r e  

m e a n s .  

Br ief   D e s c r i p t i o n   of  the  D r a w i n g s  

Other   objec ts   and  a d v a n t a g e s   of  this   i n v e n t i o n   will  become  a p p a r e n t  

from  the  following  d e s c r i p t i o n   and  a c c o m p a n y i n g   d r a w i n g s   w h e r e i n :  

F igure   1  is  an  e leva t iona l   view  showing   the  appl ica t ion   of  the  h y -  

draul ic   jack  of  this  i n v e n t i o n   to  the  L e a n i n g   Tower   of  Pisa  in  Italy  t o  

s u p p o r t ,   move,  and  p r o p e r l y   posi t ion  the  s a m e ;  



F i g u r e   2  shows   the  h y d r a u l i c   jack  in  its  coiled  form  for  t r a n s p o r t  

a n d / o r   s t o r a g e   p u r p o s e s ;  

F i g u r e   3  is  a  top  plan  view  of  the  h y d r a u l i c   jack ,   shown  in  i t s  

u n c o i l e d ,   f l a t t e n e d   c o n d i t i o n   and  r e a d i e d   for  u s e ;  

F i g u r e   4  is  a  side  e l e v a t i o n a l   view  of  the  f l a t t e n e d   h y d r a u l i c   j a c k ,  

t a k e n   in  the  d i r e c t i o n   of  a r r o w s   IV-IV  in  F i g u r e   3,  and  f u r t h e r   showing   t h e  

jack  in  an  e x p a n d e d   c o n d i t i o n   by  p h a n t o m   l i n e s ;  

F i g u r e   5  is  an  e n l a r g e d   s e c t i o n a l   view  t h r o u g h   a  f i r s t   end  of  t h e  

h y d r a u l i c   j ack ,   i l l u s t r a t i n g   a  c l o s u r e   for  c lamping   and  s e a l i n g   a  f i r s t   end  of  a  

t u b u l a r   body  of  the  h y d r a u l i c   j a c k ;  

F i g u r e   6  is  an  e x p l o d e d   view  of  component   p a r t s   forming  the  c l o -  

s u r e ;  

F i g u r e   7  is  an  e n l a r g e d   s ec t i ona l   view  t h r o u g h   a  wall  of  the  t u b u l a r  

body   of  the  jack  to  show  the  compos i t e   m a k e u p   t h e r e o f ,   t a k e n   in  the  d i r e c t i o n  

of  a r r o w s   VI I -VII   in  F i g u r e   5 ;  

F i g u r e   8  is  an  e n l a r g e d   s ec t i ona l   view  t h r o u g h   a  c o m p r e s s i o n  

c o u p l i n g   for   s e a l i n g   a  s e c o n d   end  of  the  t u b u l a r   body   of  the  jack  and  h y -  

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

F i g u r e   9  is  an  end  e l e v a t i o n a l   view  showing  a  p l u r a l i t y   of  h y d r a u l i c  

j acks   i n t e r c o n n e c t e d   for  s i m u l t a n e o u s   o p e r a t i o n ;  

F i g u r e   10  and  11  s c h e m a t i c a l l y   i l l u s t r a t e   l i f t i ng   c apac i t i e s   of  t w o  

d i f f e r e n t   s ized  h y d r a u l i c   j a c k s ;  

F i g u r e   12  is  an  i s o m e t r i c   v iew,   i l l u s t r a t i n g   a  s e c o n d   h y d r a u l i c   j a c k  

e m b o d i m e n t ;  

F i g u r e   13  is  an  e x p l o d e d   i s o m e t r i c   view  of  c o m p o n e n t   p a r t s   of  t h e  

j a c k ;  

F i g u r e   14  is  a  l o n g i t u d i n a l   s e c t i o n a l   view  t h r o u g h   the  j a c k ;  

F i g u r e   15  is  a  top  plan  view  of  an  end  c losure   of  the  jack,   taken  i n  

the  d i r e c t i o n   of  a r r o w s   XV-XV  in  F i g u r e   1 4 ;  

F i g u r e   16  is  an  e n l a r g e d   s e c t i o n a l   view  of  the  end  c l o s u r e ,   taken  i n  

the  d i r ec t i on   of  a r r o w s   XVI-XVI  in  F i g u r e   15;  a n d  



Figu re s   17-21  i l l u s t r a t e   method  s teps   for  making  the  end  c l o s u r e .  

Best   Mode  of  C a r r y i n g   Out  the  I n v e n t i o n  

F igure   1  i l l u s t r a t e s   a  p lu r a l i t y   of  h y d r a u l i c   jacks  10  i n s e r t e d  

b e n e a t h   the  lowered   side  of  the  Lean ing   Tower  of  Pisa  in  I taly,   to  move  i t  

t o w a r d s   an  u p r i g h t   pos i t ion   to  s u b s t a n t i a l l y   p r o l o n g   its  useful   life.  A s  

d i s c u s s e d   more  fully  h e r e i n a f t e r ,   each  h y d r a u l i c   jack  is  capable   of  l i f t ing   a t  

least   t w e n t y - f i v e   (25)  t ons ,   w h e r e b y   a  p l u r a l i t y   of  such  jacks   o p e r a t e d   s i m u l -  

t a n e o u s l y   (see  F i g u r e   10)  will  p r o v i d e   inf in i te   l i f t ing   a n d / o r   lower ing   c a p a b i l -  

i t ies .   T h u s ,   by  employ ing   a  s y s t e m ,   p r e f e r a b l y   c o m p u t e r - c o n t r o l l e d ,   u t i l i z i n g  

the  h y d r a u l i c   jack  concep t   of  this   i n v e n t i o n ,   the  h igh  side  of  the  base  of  t h e  

Tower  can  be  r ead i ly   lowered   a p p r o x i m a t e l y   four  and  o n e - h a l f   (41 2)  inches   a n d  

s tab i l i zed   to  r e s t o r e   the  Tower   to  its  15th  C e n t u r y   p o s i t i o n .  

To  da te ,   the  h e a v i e s t   l i f t ing   o p e r a t i o n   in  e n g i n e e r i n g   h i s t o r y   w a s  

that  of  the  4 1 , 0 0 0 - t o n   roof  of  the  Velodrome  in  Mont rea l ,   Canada ,   in  1975 .  

The  roof  was  r a i sed   by  s o p h i s t i c a t e d   j ack ing   a p p a r a t u s ,   a s soc ia t ed   with  h i g h  

p r e s s u r e   h y d r a u l i c   con t ro l   s y s t e m s ,   some  four   (4)  i nches   to  s t r ike   i t s  

c e n t e r i n g .   A p p l i c a n t ' s   r e l a t i v e l y   n o n - c o m p l e x   j a ck ing   system  is  r e a d i l y   °  

a d a p t e d   to  pe r fo rm  l i f t ing   o p e r a t i o n s   of  this  type   at  s u b s t a n t i a l l y   less  c o s t  

than   c o n v e n t i o n a l   m e t h o d s ,   more  e f f ic ien t ly   and  e x p e d i t i o u s l y ,   and  with  a  

high  safe ty   f a c t o r .  

The  jack ,   of  c o u r s e ,   has  many  o the r   a p p l i c a t i o n s   wherein   a  c l o s e l y  

con t ro l l ed   l i f t ing ,   l o w e r i n g ,   or  o the r   type  of  moving  force  is  r e q u i r e d   i n  

conf ined   q u a r t e r s .   For  example ,   the  jack  could  be  u t i l ized   to  lift  h e a v y  

m a c h i n e r y ,   land  v e h i c l e s ,   or  a i r p l a n e s   for  r e p a i r   or  pos i t i on ing   p u r p o s e s ,  

free  a  d r ive r   s u b s e q u e n t   to  a  vehic le   c rash   where in   the  s t e e r i n g   wheel  c o l u m n  

or  door  has  p inned   him  t h e r e i n ,   and  many  o the r   a p p l i c a t i o n s   which  s h o u l d  

become  obvious  to  those   ski l led  in  the  ar ts   r e l a t i n g   h e r e t o .  

R e f e r r i n g   to  F igure   2,  h y d r a u l i c   jack  10  is  a d a p t e d   to  be  r o l l e d - u p  

into  coiled  form  for  s t o r a g e   a n d / o r   t r a n s p o r t   p u r p o s e s .   When  the  h y d r a u l i c  

iack  is  uncoi led .   as  shown  in  F igure   4,  it  exh ib i t s   a  ve rv   narrow  profile  t o  



adap t   it  for  i n s e r t i o n   into  a  small  c l e a r a n c e   ( e . g . ,   less  tnan  one  i n c n ) ,   u n d e r  

an  objec t   to  be  moved .   As  exp la ined   more  fully  h e r e i n a f t e r ,   the  h y d r a u l i c  

jack  is  a d a p t e d   to  be  e x p a n d e d   to  its  p h a n t o m - l i n e d   c y l i n d r i c a l   cond i t ion   f r o m  

its  f l a t t e n e d   c o n d i t i o n ,   as  i l l u s t r a t e d   in  F i g u r e   4,  in  r e s p o n s e   to  f i l l ing  t h e r e -  

of  with  p r e s s u r i z e d   h y d r a u l i c   fluid,  p r e f e r a b l y   wa te r   which  is  r e a d i l y   a v a i l -  

able.   For  e x a m p l e ,   p r e s s u r i z e d   water   could  be  s u p p l i e d   to  the  jack  by  a n  

e n g i n e - d r i v e   pump   of  a  fire  t r u c k   or  the  l ike ,   a  h a n d   pump,   or  a  common 

g a r d e n   hose .   It  s h o u l d   be  u n d e r s t o o d   tha t   the  h y d r a u l i c   jack  is  n o r m a l l y  

used  in  c o n j u n c t i o n   with  sh ims,   p r e s s u r e   p l a t e s ,   or  o the r   t y p e s   of  b e a r i n g  

members   and  will  g e n e r a l l y   conform  to  the  s h a p e   t h e r e o f   to  p r o v i d e   t h e  

d e s i r e d   e f f e c t i v e   s u r f a c e   a rea   for  l i f t ing   p u r p o s e s ,   as  i l l u s t r a t e d   in  F i g u r e s  

10  and  11 .  

R e f e r r i n g   to  F i g u r e s   3  and  4,  h y d r a u l i c   jack  10  compr i s e s   an  e l o n -  

ga t ed ,   woven,   and  s e a m l e s s   t u b u l a r   body  11  h a v i n g   a  composi te   wall  t h i c k n e s s  

a p p r o x i m a t i n g   0.15  in.  and  composed  of  an  i m p e r v i o u s ,   f lexible   mate r ia l .   T h e  

body  mater ia l   is  woven  in to   a  tube  l l a   ( F i g u r e   6)  and  coated  and  at  l e a s t  

p a r t i a l l y   i m p r e g n a t e d   with  a  b o n d i n g   and  s e a l i n g   a g e n t ,   such  as  a  c u r e d  

p las t ic   res in   or  an  e l a s t o m e r   ( e . g . ,   n i t r i l e   r u b b e r ) ,   to  be  e x p a n d a b l e   from  i t s  

f l a t t e n e d   c o n d i t i o n   to  its  e x p a n d e d ,   c y l i n d r i c a l   c o n d i t i o n ,   when  in  f r e e - f o r m .  

The  woven  f a b r i c   m a t e r i a l   ( e . g . ,   a  s t a n d a r d   c r o s s - w e a v e   with  the  warp  e n d s  

o r i e n t e d   at  r i g h t   a n g l e s   to  the  fi l l ing  s t r a n d s )   compos ing   tube   l l a   m a y  

compr ise   a  s t a n d a r d   woven  f i r ehose   mate r ia l ,   such   as  1.5  inch  cot ton  which  i s  

r u b b e r - l i n e d   i n t e r n a l l y   and  e x t e r n a l l y   or  u n l i n e d   l inen .   Since  the  m a t e r i a l  

must  exh ib i t   a  v e r y   h igh   b u r s t   p r e s s u r e   r a t i n g   and  impact   s t r e n g t h ,   it  i s  

p r e f e r a b l y   c o m p o s e d   of  one  of  the  r e l a t i v e l y   new  family  of  p o l y e s t e r   ( D a c r o n )  

or  a romat ic   p o l y a m i d e   f i b e r s ,   which  are  now  commercia l ly   a v a i l a b l e ,  

i m p r e g n a t e d   or  coa t ed   i n t e r n a l l y   and  e x t e r n a l l y   with  a  cu r ed   p las t i c   r e s i n  

b o n d e d   t h e r e t o   by  a  c o n v e n t i o n a l   molding  p r o c e s s .  

One  such   f i be r   is  Kevlar   49  a ramid   m a n u f a c t u r e d   by  E.I .   D u P o n t  

D e n e m o u r s   and  Co.  ( I n c . )   which  exh ib i t s   a  t e n s i l e   s t r e n g t h   in  the  r ange   o f  

430,000  psi  and  a  m o d u l u s   of  e las t i c i ty   in  the  r a n g e   of  19 ,000,000  p s i .  



A n o t h e r   su i t ab le   mate r ia l   is  Kevlar   29  which  has  the  same  h igh   t e n s i l e  

s t r e n g t h   and  a  modu lus   in  the  r a n g e   of  9 ,000 ,000   psi .   Since  the  K e v l a r  

mater ia l   is  o r g a n i c   in  n a t u r e ,   it  can  be  combined   with  most  c o m m e r c i a l l y  

avai lable   r e s ins   to  p r o v i d e   a  composi te   s t r u c t u r e   e x h i b i t i n g   the  d e s i r e d   t e n s i l e  

s t r e n g t h ,   modu lus   of  e l a s t i c i t y ,   t o u g h n e s s   for  y i e l d i n g   good  t ex t i l e   p r o c e s s -  

ab i l i ty ,   high  impac t   s t r e n g t h ,   good  the rmal   s t a b i l i t y ,   and  chemical   r e s i s t a n c e .  

An  example  of  a  s i x - i n c h   d iamete r   t u b u l a r   woven  fabr ic   composed   of  Kev la r   i s  

a  1500  den ie r ,   2  ply  warp  and  fil l ing  ya rn   h a v i n g   a  2  x  2  b a s k e t   w e a v e .  

It  is  c o n t e m p l a t e d   that   the  use  of  Kevlar   for  fo rming   body   11  will 

d e s i r a b l y   exh ib i t   s u b s t a n t i a l l y   less  body  s t r e t c h   than  p o l y e s t e r - b a s e d   b o d i e s  

and  will  s u b s t a n t i a l l y   i n c r e a s e   the  b u r s t   s t r e n g t h   of  the  jack.   The  r e d u c t i o n  

in  s t r e t c h   and  i n c r e a s e   in  b u r s t   s t r e n g t h   will  p r o v i d e   ve ry   p r e c i s e   a n d  

con t ro l l ed   i n f l a t i on   of  the  jack  at  w o r k i n g   p r e s s u r e s   up  to  1,500  ps i ,   f o r  

example ,   wi thout   s a c r i f i c i n g   workman  s a f e t y .  

All  of  the  p r o c e s s e s   used  for  combin ing   t h e r m o p l a s t i c   or  t h e r m o -  

s e t t i n g   res ins   with  glass   f ibers   are  a d a p t a b l e   to  Kevlar   49  with  l i t t le  or  n o  

modi f ica t ion .   For  example ,   the  t h e r m o s e t t i n g   r e s i n s   may  be  p h e n o l i c s ,   p o l y -  

e s t e r s ,   epox ies ,   p o l y u r e t h a n e s ,   or  any  s u i t a b l e   mix tu re   t h e r e o f .   The  t h e r m o -  

p las t ic   r es ins   may  compr i se   p o l y e t h y l e n e ,   ny lon ,   p o l y p r o p y l e n e ,   r u b b e r ,   o r  

any  su i table   m i x t u r e   t h e r e o f .   The  p o l y e s t e r s   are  normal ly   u t i l i zed   since  t h e y  

are  readi ly   a v a i l a b l e ,   r e l a t i v e l y   i n e x p e n s i v e ,   and  are  su i t ab l e   for  m a n y  

composite   s t r u c t u r e   a p p l i c a t i o n s .   As  shown  in  F igure   8,  the  c u r e d   p l a s t i c  

res in   p r e f e r a b l y   forms  an  ou te r   e l a s tomer i c   coa t ing   l l b   and  an  i n n e r  

e las tomer ic   l iner   l i e .   Since  the  above  t y p e s   of  p las t ic   r e s in s   are  well  k n o w n  

to  those  skil led  in  the  a r t ,   as  well  as  the  molding  p r o c e s s e s   emp loy ing   t h e  

same,  f u r t h e r   d i s c u s s i o n   t h e r e o f   will  not  be  made  for  sake  of  b r e v i t y .   T h e  

chosen   resin  should   exhib i t   most  of  the  a b o v e - e n u m e r a t e d   d e s i r a b l e  

p r o p e r t i e s ,   also  i n c l u d i n g   a  high  b u r s t   and  crimp  s t r e n g t h s ,   f l ex ib i l i t y ,   a n d  

elast ic   memory  to  enab le   the  jack  to  e x p a n d   and  c o n t r a c t   r ead i ly   w i t h o u t  

p las t ic   d e f o r m a t i o n .  



R e f e r r i n g   to  F i g u r e s   3-5,  a  f i rs t   c losu re   means  12  f u n c t i o n s   to  s e a l  

a  f i rs t   end  of  b o d y   11  into  f l a t t e n e d   form,  c o e x t e n s i v e   with  the  b o d y ,   a s  

s h o w n .   Closure   means   12  may  compr i se   a  pa i r   of  s u p e r i m p o s e d   steel  c l a m p i n g  

p l a t e s   13  for  c l a m p i n g   the  t u b u l a r ,   open  f i r s t   end  of  body   11  t h e r e b e t w e e n .  

P l a t e s   13  may  be  d r a w n   and  c lamped  t o g e t h e r   by  f a s t e n i n g   means  14,  such  a s  

s c r e w s ,   bol t s ,   or  o t h e r   s u i t a b l e   f a s t e n e r s .   E x p o s e d   r o u n d e d   e l a s t o m e r i c  

e d g e s   15  are  p r e f e r a b l y   f o rmed   bn  the  i n b o a r d   edge  or  each  plate   13 ,  

a b u t t i n g   body  11,  to  p r e v e n t   any  a b r a s i o n   of  the  woven  mater ia l   c o m p o s i n g  

the   body ,   as  shown  in  F i g u r e   5,  and  to  s u b s t a n t i a l l y   i n c r e a s e   the  j a c k ' s  

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

If  so  d e s i r e d ,   a  thin  e l a s t o m e r i c   r u b b e r   or  p l a s t i c   seal  16,  f o r m e d  

as  a n  e l a s t o m e r i c   c o a t i n g   or  s e p a r a t e   e l o n g a t e d   member   ( e . g . ,   n i t r i l e   r u b b e r  

or  the  r u b b e r - l i k e   u r e t h a n e   F l exane   94,  m a n u f a c t u r e d   by  Devcon  C o r p . ) ,   m a y  

be  b o n d e d   or  s e p a r a t e l y   m o u n t e d   on  the  i n b o a r d   end  of  each  p l a t e .   The  s e a l  

is  pos i t i oned   b e t w e e n   each  p la te   and  body   11  and  has  a  lip  e x t e n d i n g   o v e r  

the  i n b o a r d   edge   of  the   p l a t e .   When  the  p la tes   are  c lamped  t o g e t h e r ,   t h e  

sea ls   will  be  p r e c o m p r e s s e d   u n d e r   a  p r e d e t e r m i n e d   p r e s s u r e .  

A  pa i r   of  a l i g n e d   holes   17  may  be  formed  t h r o u g h   the  p l a t e s   t o  

a d a p t   the  jack  for  a t t a c h m e n t   to  a  rod  or  cable  to  f ac i l i t a t e   p r o p e r   p o s i t i o n i n g  

of  the  jack  in  c o n f i n e d   s p a c e s .   In  a d d i t i o n ,   an  a n n u l a r   b u s h i n g   18  may  b e  

c lamped  or  o t h e r w i s e   s u i t a b l y   s e c u r e d   b e t w e e n   the  p l a t e s ,   in  a l ignment   w i t h  

the  holes.   The  b u s h i n g   f a c i l i t a t e s   i n s e r t i o n   of  a  cable  or  p o s i t i o n i n g   t oo l  

t h r o u g h   the  holes   and   also  p r o v i d e s   a  stop  means  b e t w e e n   the  p l a t e s ,   a i d i n g  

them  in  p r e c i s e l y   a p p l y i n g   the  d e s i r e d   c l amping   p r e s s u r e   to  this  end  of  b o d y  

1 1 .  

F i g u r e   7  i l l u s t r a t e s   the  add i t i on   of  a  woven  sock  19  to  the  c o m p o s i t e  

makeup   of  f i rs t   c l o s u r e   means  12  to  i n c r e a s e   the  s t r u c t u r a l   i n t e g r i t y   a n d  

sea l ing   c a p a b i l i t i e s   t h e r e o f .   The  sock  may  be  composed   of  the  same  m a t e r i a l  

compos ing   body   11,  such   as  p o l y e s t e r   (Dac ron)   or  Kevlar   t h r e a d s ,   a n d  

p r e f e r a b l y   forms  a  t w i l l - w e a v e   fabr ic   e n c a p s u l a t i n g   the  f i r s t   end  of  the  b o d y ,  

i . e . ,   with  the  warp   ends   d i s p o s e d   a p p r o x i m a t e l y   45°  r e l a t ive   to  the  f i l l i ng  



s t r a n d s .   This  d i s p o s i t i o n   aids  in  i n c r e a s i n g   the  b u r s t   s t r e n g t h   at  this  end  o f  

the  jack  since  both  the  warp  and  filling  s t r a n d s   will  be  p laced  in  t e n s i o n .  

Sock  19  may  be  s u i t a b l y   i m p r e g n a t e d   with  the  same  res in   or  e l a s -  

tomer  i m p r e g n a t i n g   body  11  to  form  a  s t r u c t u r a l l y   i n t e g r a t e d   and  f l u i d - t i g h t  

composi te   s t r u c t u r e   of  the  type   shown  in  F igu re   7.  The  sock  is  p r e f e r a b l y  

woven  into  the  body  to  form  an  i n t e g r a l   par t   t h e r e o f ,   r a t h e r   than  formed  as  a  

s e p a r a t e   componen t   as  s u g g e s t e d   by  Figure   6.  In  fac t ,   by  weaving   the  b o d y  

and  sock  end  s i m u l t a n e o u s l y   and  as  an  i n t e g r a t e d ,   u n i t a r y   composite   s t r u c -  

t u r e ,   the  c lamping   p la tes   can  be  e l iminatedin   many  jack  a p p l i c a t i o n s .  

Body  11,  as  well  as  sock  19,  p r e f e r a b l y   forms  a  composi te   s t r u c t u r e  

c o m p r i s i n g   ou t e r   p las t i c   ( e . g . ,   n i t r i le   r u b b e r )   coa t i ng   l l b   which  will  e x h i b i t  

a  high  degree   of  t o u g h n e s s   to  a v o i d  p o t e n t i a l   a b r a s i o n   and  p u n c t u r e   p r o b l e m s  

and  i nne r   p las t ic   ( e . g . ,   n i t r i le   r u b b e r )   l in ing  11c  which  p r imar i ly   f u n c t i o n s  

to  e n s u r e   a  fluid  t igh t   seal.   The  composite  makeup   of  body  11  and  each  e n d  

t h e r e o f ,   sealed  by  c losu re   means  12  and  20,  will  exh ib i t   an  i n t e rna l   b u r s t  

s t r e n g t h   of  at  least   600  psi ,   and  p r e f e r a b l y   much  h i g h e r ,   d e p e n d i n g   on  t h e  

p a r t i c u l a r   composi te   makeup  and  appl ica t ion   of  jack  10 .  

R e f e r r i n g   to  F i g u r e s   4  and  8,  a  second   open  end  of  body  11  i s  

closed  and  sealed  by  second   c losure   means  20.  The  second  c losure   m e a n s  

p r e f e r a b l y   compr i se s   a  c u p - s h a p e d   head  member  21  h a v i n g   an  annu la r   e n d  

wall  22  and  a  cy l i nd r i ca l   ou te r   wall  23  e x t e n d i n g   wi thin   the  second  end  o f  

body   11.  A  r ing   means ,   c o m p r i s i n g   a  pair  of  o u t e r   r ings   24,  c i r c u m v e n t s  

and  clamps  the  second  end  of  body  11  onto  ou te r   wall  23  of  head  member  21 

to  form  an  a n n u l a r ,   s ta t ic   seal  t h e r e a t .  

In  p a r t i c u l a r   and  r e f e r r i n g   to  F igure   9,  o u t e r   wall  23  of  the  h e a d  

member   has  an  a n n u l a r   r idge   25  formed  c i r c u m f e r e n t i a l l y   t h e r e a r o u n d   t o  

def ine   a  pair   of  axially  spaced   camming  s u r f a c e s   26.  Rings  24  h a v e  

l i k e - s h a p e d   a n n u l a r   camming  s u r f a c e s   27  formed  i n t e r n a l l y   t he reon   to  c l amp 

body   11  aga ins t   cam  s u r f a c e s   26.  A  compres s ion   c o u p l i n g   is  thus   formed  b y  

second   c losure   means  20  to  effect   a  highly  e f f ic ient   s ta t ic   seal  at  this  end  o f  



h y d r a u l i c   jack  10,  the  b u r s t   s t r e n g t h   of  which  is  compa t ib le   with  that   of  b o d y  

11  and  c losure   means   12 .  

F i g u r e   8  f u r t h e r   i l l u s t r a t e s   a  pa i r   of  s t a n d a r d   q u i c k - d i s c o n n e c t  

c o u p l i n g s   30  for  s e l e c t i v e l y   c o n n e c t i n g   a  pa i r   of  hoses   or  l ines  31,  such   as  a 

s t a n d a r d   g a r d e n   hose ,   to  h y d r a u l i c   jack  10.  Each  coup l ing   i n c l u d e s   a 

t h r e a d e d   f i t t ing   32  s e c u r e d   on  end  wall  22  of  head   member   21  and  a  f i t t i n g   33 

s e c u r e d   on  the  end  of  a  r e s p e c t i v e   hose  31.  Coup l ing   30  is  of  s t a n d a r d  

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

c h e c k   valve  in  each  f i t t i n g   32  and  33  t h e r e o f ,   which  au toma t i ca l l y   closes  u p o n  

d i s c o n n e c t i o n   of  the  f i t t i n g s   from  each  o t h e r .   S t a n d a r d   q u i c k - d i s c o n n e c t  

f luid  coup l ings   of  this   t ype   are  r ead i ly   ava i l ab l e   from  such  we l l -known   c o m -  

p a n i e s   as  P a r k e r - H a n n i f i n   Corp .   ( H o z e - L o k   type   40),  S n a p t i t e   C o r p . ,   e t c .  

In  a d d i t i o n ,   a  s t a n d a r d   b leed   valve  34  is  p r e f e r a b l y   t h r e a d a b l y   s e c u r e d   on  

end  wall  22  to  s e l e c t i v e l y   ven t   air  from  the  w o r k i n g   c h a m b e r   of  the  h y d r a u l i c  

jack  when  the  c h a m b e r   is  filled  with  h y d r a u l i c   f l u i d .  

In  o p e r a t i o n ,   h y d r a u l i c   hose  10  may  be  s t o r e d   and  t r a n s p o r t e d   to  a 

work  s i t e  i n   i ts  coiled  cond i t i on   i l l u s t r a t e d   in  F i g u r e   2  and  quickly   u n c o i l e d  

and  i n s e r t e d ,   u n d e r   an  object   to  be  l i f t e d ,   l o w e r e d ,   or  o t h e r w i s e   moved,   i n  

its  f l a t t e n e d   c o n d i t i o n ,   i l l u s t r a t e d   in  F i g u r e   4.  In  ac tua l   p r a c t i c e ,   the  o v e r a l l  

t h i c k n e s s   of  the  h y d r a u l i c   jack,   e x c e p t i n g   the  s econd   end  t h e r e o f   which  i s  

c losed   and  sealed  by  s econd   c losure   means  20,  e x h i b i t s   an  overal l   t h i c k n e s s  

of  less  than  one  i n c h .   T h u s ,   the  o p e r a t i v e   p o r t i o n   of  the  h y d r a u l i c   jack  may  

be  i n s e r t e d   into  v e r y   small  c l e a r a n c e s   in  c o n t r a s t   to  c o n v e n t i o n a l   h y d r a u l i c  

jacks   which  have   e n l a r g e d   f i t t i ngs   on  each  end  which  func t ion   on  t h e  

v e r t i c a l l y   a c t u a t e d   p i s t o n - p r i n c i p l e   or  are  of  the  i n f l a t a b l e   type  e x h i b i t i n g   a  

s u b s t a n t i a l   t h i c k n e s s ,   and  t h u s   r e q u i r e   a  s u b s t a n t i a l l y   g r e a t e r   ve r t i ca l   h e i g h t  

or  c l ea r ance   for  work  p u r p o s e s .  

As  m e n t i o n e d   above ,   holes  16  ( F i g u r e s   3  and  5)  faci l i ta te   a t t a c h m e n t  

of  a  cable,   r ig id   rod ,   or  the  like  t h e r e t o   for  the  p u r p o s e   of  pu l l ing   o r  

p u s h i n g   the  h y d r a u l i c   jack  into  its  p r o p e r   pos i t ion   u n d e r   the  work  o b j e c t .  

Once  the  h y d r a u l i c   jack  has  been  p r o p e r l y   p o s i t i o n e d ,   one  of  the  hoses   31 



may  be  c o n n e c t e d   to  the  h y d r a u l i c   jack  by  coup l i ng   30  and  f u r t h e r   c o n n e c t e d  

to  a  p r e s s u r i z e d   h y d r a u l i c   fluid  s o u r c e ,   such  as  a  s t a n d a r d   water   tap  w h i c h  

d i s p e n s e s   wa te r   at  an  a p p r o x i m a t e   wate r   p r e s s u r e   of  from  45  psi  to  100  p s i ,  

a l t hough   an  o p e r a t i n g   p r e s s u r e   e x c e e d i n g   250  psi  is  p r e f e r r e d   for  m a n y  

a p p l i c a t i o n s .   A l t e r n a t i v e l y ,   the  p r e s s u r i z e d   fluid  s o u r c e   may  comprise   a n  

e n g i n e - d r i v e n   or  h a n d - o p e r a t e d   pump  for  d i s p e n s i n g   p r e s s u r i z e d   fluid  from  a  

mobile  t a n k ,   s u c h   as  the  type  employed  on  fire  t r u c k s   and  the  l ike,   or  from  a  

b u c k e t   or  o t h e r   c o n v e n i e n t   water   s o u r c e ,   such  as  a  r i v e r .   If  so  d e s i r e d ,   a  

s t a n d a r d   p r e s s u r e   gauge  may  be  a t t a c h e d   to  hose  31  to  permit   v i s u a l  

o b s e r v a t i o n   of  the   h y d r a u l i c   fluid  p r e s s u r e   t h e r e i n .  

In  a d d i t i o n ,   a  flow  con t ro l   va lve   can  be  c o n n e c t e d   to  p r e s s u r i z e d  

hose  31  to  c lose ly   cont ro l   the  volume  of  h y d r a u l i c   fluid  communica t ed   w i t h i n  

the  h y d r a u l i c   jack  and,   t h u s ,   the  ra te   of  e x p a n s i o n   t h e r e o f .   A l t e r n a t i v e l y ,  

the  va lve ,   or  a  second  va lve ,   could  be  c o n n e c t e d   to  the  second  line,  c o n -  

s t i t u t i n g   a  d ra in   l ine,   to  p r e c i s e l y   cont ro l   the  volume  of  h y d r a u l i c   fluid  'in  t h e  

jack.   In  this   m a n n e r ,   the  rate  of  v e r t i c a l   lift  or  c o n t r a c t i o n   may  be  c l o s e l y  

c o n t r o l l e d   in  s e q u e n t i a l   s t a g e s ,   such  as  s t a g e s   in  the  t h o u s a n d t h s   of  an  i n c h .  

S u c h   close  con t ro l   would  be  a d v a n t a g e o u s   in  many  a p p l i c a t i o n s ,   such  as  t h e  

a l ignment   of  a  d r i ve   shaft   on  a  l a r g e   s e a g o i n g   ves se l .   It  should   be  f u r t h e r  

u n d e r s t o o d   tha t   the  employment   of  a  h y d r a u l i c   f luid,   such   as  water ,   as  t h e  

work ing   fluid  for  e x p a n d i n g   the  h y d r a u l i c   jack  d u r i n g   o p e r a t i o n   t h e r e o f ,  

avoids  the  p o t e n t i a l   explosion  problem  normal ly   e n c o u n t e r e d   with  the  use  o f  

gases ,   such  as  air .   Dur ing   initial  f i l l ing  of  the  h y d r a u l i c   jack  with  w a t e r ,  

bleed  valve  34  would  normally  be  opened   to  e x h a u s t   any  air  that  may  b e  

e n t r a p p e d   t h e r e i n   in  genera l ly   the  same  m a n n e r   as  one  would  bleed  the  b r a k e  

lines  of  an  a u t o m o b i l e .  

A l t h o u g h   the  material   compos ing   body  11  of  h y d r a u l i c   jack  10  i s  

su f f i c i en t ly   t o u g h   to  engage   any  i r r e g u l a r   s u r f a c e   wi thout   c a u s i n g   a  p o t e n t i a l  

p u n c t u r e   t h e r e i n ,   it  may  prove  d e s i r a b l e   in  many  a p p l i c a t i o n s   to  utilize  j a c k  

aids,   such  as  p r e s s u r e   pla tes   pos i t i oned   u n d e r   a n d / o r   over   body  11  to  f ac i l i -  

tate  s e q u e n t i a l   l i f t ing   of  an  object  in  s t a g e s .   For  example ,   af ter   an  ob jec t  



has  been   l i f ted  five  (5)  i n c h e s ,   a  s u p p o r t   b lock   h a v i n g   a  ve r t i ca l   h e i g h t   o f  

four   i n c h e s   could  be  i n s e r t e d   u n d e r   the  ob jec t ,   and  a  second  d e f l a t e d   h y -  

d r a u l i c   jack  10  ( F i g u r e   4)  could  be  i n s e r t e d   b e t w e e n   the  object  and  t h e  

b lock .   Upon  pa r t i a l   f i l l ing   of  the  second  h y d r a u l i c   jack  with  h y d r a u l i c   f l u i d  

to  s u p p o r t   the  ob j ec t ,   the  f i r s t   h y d r a u l i c   jack  could  be  de f la ted   and  r e m o v e d ,  

w h e r e a f t e r   the  s econd   h y d r a u l i c   jack  could  be  e x p a n d e d   to  f u r t h e r   lift  t h e  

ob jec t .   This  p r o c e d u r e   could   be  con t inued   with  one  or  more  jacks  w o r k i n g  

s i m u l t a n e o u s l y   to  lift  the   ob jec t   to  any  de s i r ed   h e i g h t .  

As  shown  in  F i g u r e   9,  a  p l u r a l i t y   of  h y d r a u l i c   jacks  10  can  b e  

o p e r a t e d   s i m u l t a n e o u s l y   with  equa l i zed   h y d r a u l i c   f lu id   p r e s s u r e   be ing   c o m m u -  

n i c a t e d   t h e r e i n   via  i n t e r c o n n e c t i n g   hoses   31'.  The  s e c o n d   f i t t ing   32  s e c u r e d  

on  each  end  of  each  h y d r a u l i c   jack  thus   f ac i l i t a t e s   such   i n t e r c o n n e c t i o n .   T h e  

two  f i t t i n g s   will  also  o b v i o u s l y   p rov ide   f l ex ib i l i t y   in  the  communicat ion   o f  

h y d r a u l i c   fluid  to  the  j a c k s ,   and  v e n t i n g   t h e r e o f .   For   example ,   both  f i t t i n g s  

could  be  u t i l ized   to  c o m m u n i c a t e   h y d r a u l i c   fluid  to  the  jack  to  double  its  r a t e  

of  e x p a n s i o n ,   or  only  one  hose  may  be  c o n n e c t e d   to  the  p r e s s u r i z e d   f l u i d  

s o u r c e ,   w h e r e a s   the  o t h e r   hose   could  be  c o n n e c t e d   to  a  d ra in ,   closely  c o n -  

t ro l led   by  a  flow  con t ro l   v a l v e .  

The  j a c k i n g   s y s t e m   of  this   i n v e n t i o n   is  t h u s   a d a p t e d   for  many  u s e s  

w h e r e i n   a  p l u r a l i t y   of  the   j acks   could  be  c o n n e c t e d   t o g e t h e r   in  ser ies   or  i n  

t a n d e m   and  s i m u l t a n e o u s l y   o p e r a t e d   by  a  s ing le   v a r i a b l e   control   v a l v i n g  

a r r a n g e m e n t .   The  o p e r a t i o n   could  be  c o m p u t e r - c o n t r o l l e d   to  e n s u r e   t h e  

maximum  e f f i c i ency   and  c o n t r o l .   In  t u r n ,   any  or  all  of  the  jacks  can  b e  

d i s c o n n e c t e d   and  c o n t r o l l e d   s e p a r a t e l y   with  q u i c k   d i s c o n n e c t   coup l ings   30 

( F i g u r e   9),  h a v i n g   the  a b o v e - d e s c r i b e d   check  v a l v e s   t h e r e i n .   If  so  d e s i r e d ,  

the  wa te r   c o n t a i n e d   in  the  e x p a n d e d   h y d r a u l i c   jack  could  be  r ep l aced   by  a  

h a r d e n a b l e   c e m e n t i o u s   m a t e r i a l ,   such  as  a  s t a n d a r d   . P o r t l a n d   cement ,   e i t h e r  

i n d i v i d u a l l y   or  s i m u l t a n e o u s l y ,   to  p rov ide   an  i n - s i t e   f o u n d a t i o n ,   i . e . ,   t h e  

jacks   would  not  be  r e m o v e d .  

F i g u r e s   10  and  11  s chemat i ca l ly   i l l u s t r a t e   the  l i f t ing  capaci t ies   o f  

two  s izes   of  h y d r a u l i c   j acks   10,  each  mounted   on  a  p r e s s u r e   plate  34  w h i c h  



may  be  used   t h e r e w i t h   to  def ine  a  flat  s u p p o r t i n g   s u r f a c e   t h e r e f o r .   I n  

a c c o r d a n c e   with  the  we l l -known   formula  l i f t ing   force  equa l s   p r e s s u r e   t i m e s  

area  (F=PA) ,  and  a s s u m i n g   an  i n t e r n a l   h y d r a u l i c   fluid  p r e s s u r e   of  100  psi  i n  

the  h y d r a u l i c   jack  i l l u s t r a t e d   in  F igure   10,  e x p a n s i o n   of  the  jack  to  a  v e r t i c a l  

he igh t   of  two  (2)  i nches   would  r e su l t   in  a  l i f t ing   force  of  5664  p o u n d s   or  2 . 8  

tons .   S imi la r ly ,   the  l a r g e r   capac i ty   h y d r a u l i c   jack  i l l u s t r a t e d   in  F igure   11 

would  p r o v i d e   a  l i f t i ng   force  of  16;000  p o u n d s   or  8  tons  when  e x p a n d e d   to  a  

ve r t i c a l   he igh t   of  two  (2)  i n c h e s .   E x p a n s i o n   t h e r e o f   to  a  v e r t i c a l   he ight   o f  

five  (5)  i nches   would  p r o v i d e   a  l i f t ing   force  of  4,700  p o u n d s   or  2.35  t o n s .  

It  can  t hus   be  seen  that   the  l e n g t h   and  d i ame te r   of  a  p a r t i c u l a r  

h y d r a u l i c   jack  can  be  su i t ab ly   d e s i g n e d   for  a  wide  v a r i e t y   of  a p p l i c a t i o n s .  

For  example ,   it  can  be  seen  that   a l t h o u g h   the  overa l l   l i f t i ng   capac i ty   of  t h e  

h y d r a u l i c   jack  of  F i g u r e   12  was  r e d u c e d   when  e x p a n d e d   from  a  v e r t i c a l   h e i g h t  

of  two  (2)  i n c h e s   to  five  (5)  i n c h e s ,   a  su f f i c i en t   l i f t ing   force   is  p r o v i d e d   t o  

lift  an  axle  of  a  motor  veh ic le .   This  could  be  a c c o m p l i s h e d   by  laying  t h e  

h y d r a u l i c   jack  on  level  g r o u n d   with  a  second  p r e s s u r e   p la te   34  d i sposed   o v e r  

body  11  of  the  jack  when  it  is  ma in ta ined   in  its  f l a t t ened   cond i t ion   i l l u s t r a t e d  

in  F igure   4.  One  t ire  of  the  vehic le   could  then  be  d r i v e n   to  res t   on  t h e  

u p p e r   p r e s s u r e   p l a t e ,   w h e r e b y   the  jack  could  be  t h e r e a f t e r   e x p a n d e d   to  l i f t  

the  t ire  and  axle  five  (5)  i n c h e s ,   for  e x a m p l e .  

F i g u r e s   12-16  i l l u s t r a t e   a  second  h y d r a u l i c   jack  embodiment   10' 

where in   c o r r e s p o n d i n g   componen t s   and  s t r u c t u r e s   are  i d e n t i f i e d   by  i d e n t i c a l  

n u m e r a l s ,   but   with  iden t ica l   numera l s   d e p i c t i n g   modified  componen t s   a n d  

s t r u c t u r e s   of  the  second   h y d r a u l i c   jack  embodiment   be ing   accompan ied   by  a  

prime  symbol  ( ' ) .   Jack  10'  i nc ludes   a  body  11',  composed  of  one  of  the  t y p e s  

of  f lexible  ma te r i a l s   d e s c r i b e d   above ,   a d a p t e d   to  permi t   the  jack  to  b e  

r o l l e d - u p   into  coiled  form,  a  f i rst   c losure   means  12'  for  s ea l ing   a  f i rst   end  o f  

the  body ,   and  a  second  c losure   means  20'.  The  second  c lo su re   means  h a s  

been  modified  to  inc lude   the  pair  of  ou te r   locking   r i ngs   24'  mounted  on  a  

l o n g i t u d i n a l l y   s lo t ted   plas t ic   r ing  4  and  a d a p t e d   to  form  a  c o m p r e s s i o n  

coupl ing   with  a  head  member  21'.  The  head  member  is  shown  in  the  form  o f  



an  a n n u l a r   p l u g - l i k e   mani fo ld .   The  c o m p r e s s i o n   c o u p l i n g   f u n c t i o n s   to  c l amp  

this   end  of  body   11'  t h e r e a t   to  effect   a  h igh ly   e f f i c ien t   s ta t ic   s e a l .  

One  of  the  novel  a s p e c t s   of  this  i n v e n t i o n   r e s i d e s   in  modified  f i r s t  

c l o s u r e   means  12'.  A  pair   of  s u p e r i m p o s e d   steel  c l amping   p la tes   13'  a r e  

a d a p t e d   to  clamp  the  t u b u l a r ,   o p e n - e n d   of  body   11'  t h e r e b e t w e e n   by  means  o f  

s c r e w s   14  which  are  t h r e a d e d   into  s u i t a b l y   t a p p e d   holes   formed  in  the  l o w e r  

p la te ,   as  more  c l ea r ly   shown  in  F igu re   16.  An  e l o n g a t e d   e l a s tomer ic   seal  16'  

is  p o s i t i o n e d   b e t w e e n   each  c l amping   plate   and  body   11'  and  has  a  lip  40 

( F i g u r e s   15  and  16)  e x t e n d i n g   over  an  i n b o a r d   edge  of  the  c lamping  p l a t e .  

When  the  f a s t e n i n g   means  or  s c rews   are  t u r n e d   to  draw  and  clamp  the  p l a t e s  

t o g e t h e r ,   the  seals   will  be  p r e c o m p r e s s e d   u n d e r   a  p r e d e t e r m i n e d   p r e s s u r e .  

In  p r a c t i c e ,   it  has   been  found   that   the  e l a s t o m e r i c   ( e . g . ,   u n r e i n f o r c e d   o r  

Nylon  r e i n f o r c e d   n i t r i l e   r u b b e r   h a v i n g   a  D u r o m e t e r   h a r d n e s s   in  the  r ange   o f  

90)  seal  will  t e n d   to  e x t r u d e   s l igh t ly   ( e . g . ,   0.25  i n . )   when  the  p la tes   a r e  

c lamped  t o g e t h e r .   The  i n h e r e n t   f l e x u r e   and  e las t ic   memory  of  the  seal  will  

allow  the  body  to  form  a  nea r   n a t u r a l   s t r u c t u r a l   t r a n s i t i o n   with  its  c o n n e c t i o n  

to  the  c lamping   p l a t e s .  

T e s t i n g   has  shown  that   the  add i t ion   of  seals   16'  to  c losure   m e a n s  

12'  will  s u b s t a n t i a l l y   i n c r e a s e   the  b u r s t   s t r e n g t h   t h e r e o f ,   even   over   the  b u r s t  

s t r e n g t h   ( e . g . ,   600  psi)  of  body   11'  p r o p e r .   In  fac t ,   it  has  been   found  t h a t  

the  b u r s t   s t r e n g t h   of  the  c losu re   means  is  not  r e d u c e d ,   even  t hough   t h e  

body   is  c r imped   or  k i n k e d   d u r i n g   t e s t i n g   (most  m a n u f a c t u r e r s   of  t u b u l a r  

bod ies   or  hoses   will  s u g g e s t   tha t   the  kink  p r e s s u r e   r a t i n g   will  a p p r o x i m a t e  

o n e - h a l f   of  the  normal   b u r s t   s t r e n g t h ) .  

An  a n a l o g y   to  the  f unc t i ona l   d e s i d e r a t a   of  i m p r o v e d   c losure   m e a n s  

12'  may  be  one  of  e q u a t i n g   c lamping   p la tes   13'  to  a  t r e e ,   the  roots   of  the  t r e e  

to  e l a s tomer ic   sea ls   16',  and  the  ea r th   in  which  the  roots   are  anchored   t o  

body   11'.  In  p a r t i c u l a r ,   when  body  11  f lexes   u n d e r   v a r i o u s   forms  and  p r e s -  

s u r e s   d u r i n g   a  p a r t i c u l a r   l i f t ing   o p e r a t i o n ,   seals  16'  will  p rov ide   t h e  

t r a n s i t i o n a l   media  ( i . e . ,   " r o o t s " )   to  the  c l amping   p l a t e s   to  p rov ide   maximum 

s t r e n g t h   to  the  i n t e g r a t e d   c o m p o n e n t s   of  the  c lo su re   means .   C a r r y i n g   t h e  



analogy  one  s tep   f u r t h e r ,   should   a  t r e e ,   a b s e n t   its  r o o t s ,   b e  s t u c k   into  t h e  

g r o u n d ,   it  would  tend  to  s n a p - o f f   at  g r o u n d   level  when  s u b j e c t e d   to  s e v e r e  

winds  or  o t h e r   t r a n s v e r s e   loads  imposed   t h e r e o n .  

R e f e r r i n g   to  F igu re   16,  a  seal  a n c h o r i n g   means  36  is  formed  on  a  

grooved  end  15'  ( F i g u r e   13)  of  each  c lamping   plate  13'  to  lock  seal  16' 

t he r eon   and  to  p r e v e n t   it  from  comple t e ly   e x t r u d i n g   out  from  be tween   t h e  

clamping  p la te   and  the  body  when'   the  c l amping   p la tes   are  s e c u r e d   t o g e t h e r  

and  when  the  jack  i s   p r e s s u r i z e d .   As  shown ,   such   a n c h o r i n g   m e a n s  

p r e f e r a b l y   c o m p r i s e s   an  e l o n g a t e d   r e c e s s   37  formed  e n t i r e l y   t h r o u g h o u t   t h e  

l eng th   of  an  u n d e r s i d e   of  the  c l amp ing   plate  and  an  e l o n g a t e d   notch  38 

formed  i n t e r m e d i a t e   the  s ides  of  the  r e c e s s   and  also  t h r o u g h o u t   the  e n t i r e  

length   of  the  c l amping   p l a t e .  

Seal  16'  i n c l u d e s   a  body   p o r t i o n   39  d i s p o s e d   in  r e c e s s   37  and  a  l ip  

40  e x t e n d i n g   ove r   a  c h a m f e r e d   i n b o a r d   edge  of  the  c l a m p i n g   p la t e .   A  rib  41 

is  formed  on  the  seal  and  is  d i s p o s e d   in  notch  38  to  p r e v e n t   l o n g i t u d i n a l  

movement  of  the  seal  r e la t ive   to  the  c lamping   p la te .   As  f u r t h e r   shown  i n  

Figure   16..  the  i n n e r   side  of  each  body   po r t ion   39  is  s u b s t a n t i a l l y   flush  wi th .  

an  u n d e r s i d e   of  a  r e s p e c t i v e   c l amping   p l a t e .  

F i g u r e s   17-21  i l l u s t r a t e   me thod   s teps   for  making   end  c losure   m e a n s  

12'.  R e f e r r i n g   b r i e f ly   to  F i g u r e s   13  and  21,  it  shou ld   be  noted  that   a  

p lu ra l i ty   of  l a t e r a l l y   spaced   bolt  holes  42  are  fo rmed   t h r o u g h   t h e  

d o u b l e - l a y e r e d   open  end  of  body  11'  in  an  a r c u a t e   a r r a y   A  and  t r a n s v e r s e l y  

re la t ive   to  a  l o n g i t u d i n a l   axis  X  of  body   11'.  Two  o u t e r   bolt  holes  42a  a r e  

also  formed  t h r o u g h   the  body ,   but   remain  in  the i r   same  locat ion  after  t h e  

plates   have  been   clamped  in  place.   Ul t imate ly ,   a f te r   c l amping   plates   13'  h a v e  

been  s e c u r e d   on  the  body ,   bolt  holes  42  will  be  a l igned   in  a  l i n e a r  

r e l a t i o n s h i p   L  ( F i g u r e   21)  r e l a t ive   to  each  o t h e r ,   as  r e p r e s e n t e d   by  l i n e a r  

bolt  holes  43  formed  t h r o u g h   the  c lamping  p la tes   in  F i g u r e   13  and  t h e  

d i spos i t ion   of  the  f o rward   row  of  seven   sc rews   14  in  F i g u r e   15 .  

As  s e q u e n t i a l l y   shown  in  F i g u r e s   17-21,  bolt  holes   42  and  42a  a r e  

formed  t h r o u g h   body  11  by  f i rs t   p l ac ing   a  punch   die  44  over  the  b o d y  



( F i g u r e   17)  and  t hen   d r i v i n g   a  p u n c h   46  t h r o u g h   each  guide  hole  45  and  45a 

of  the  punch   die  ( F i g u r e   18),  with  the  seven   f o r w a r d m o s t   guide  holes  c o n -  

f o r m i n g   to  the  a r c u a t e   c o n f i g u r a t i o n   A  of  the  formed  bolt  holes  42.  A  f ema le  

die  47  may  be  p o s i t i o n e d   b e n e a t h   the  body   and  has  a  similar  a r r a y   of  h o l e s  

(not   shown)   fo rmed   t h e r e i n   to  r e c e i v e   p u n c h e s   46.  Seals  16'  are  t h e n  

s u i t a b l y   m o u n t e d   b e t w e e n   the  c l amping   p l a t e s   and  body  ( F i g u r e   19)  in  t h e  

m a n n e r   d e s c r i b e d   a b o v e .   In  p a r t i c u l a r ,   each  seal  is  mounted   in  a  g r o o v e d  

end  15'  ( F i g u r e   13)  of  each  c lamping   p l a t e ,   as  more  c lear ly   shown  in  F i g u r e  

16 .  

As  shown  in  F i g u r e   19,  the  s u b a s s e m b l y   is  then  a n c h o r e d   b y  

s e c u r i n g   only  the  two  ou t e r   s c rews   14'  t h r o u g h   a c c o m m o d a t i n g   bolt  holes  43a  

( F i g u r e   13),  s e c u r i n g   the  c lamping   p l a t e s   t o g e t h e r .   A  su i tab le   jig  a n d  

f i x t u r e   (not  s h o w n )   may  be  u t i l i zed   to  align  and  ancho r   the  s u b a s s e m b l y   i n  

p l a c e .   T h u s ,   a  p o r t i o n   of  the  body  b e t w e e n   bolt  holes  43a  of  the  c l a m p i n g  

p l a t e s   and  a l i gned   bolt  holes  42a  of  the  body   is  c o m p r e s s e d ,   but  not  to  a n  

e x t e n t   to  p r e v e n t   r e l a t i v e   l o n g i t u d i n a l   s l i d ing   movement   of  the  body  b e t w e e n  

the  p l a t e s .   As  shown  in  F i g u r e s   20  and  21,  the  body  is  then  s t r e t c h e d  

l o n g i t u d i n a l l y   to  at  least   a p p r o x i m a t e l y   align  bolt  holes  42  in  l i n e a r  

r e l a t i o n s h i p   L  r e l a t i v e   to  each  o the r   and  in  a l i g n m e n t   with  bolt  holes  43  of  t h e  

c l amp ing   p l a t e s .   The  s t r e t c h i n g   s tep  is  p r e f e r a b l y   accompl i shed   by  i n f l a t i n g  

body   11'  w h e r e b y   the  body   will  t end   to  form  s e m i - s p h e r i c a l   end  p o r t i o n s  

t e n d i n g   to  pull  the  body   in  the  d i r e c t i o n   of  a r row  X  in  F igure   17.  I n f l a t i o n  

p r e s s u r e s   in  the   r a n g e   of  20  psi  have   been   found  s a t i s f a c t o r y   to  effect  t h e  

s t r e t c h i n g   and  a l i g n m e n t   f u n c t i o n .   T h e r e a f t e r ,   c lamping  plates   13'  a r e  

c lamped  over  the   b o d y   u n d e r   a  c l amp ing   p r e s s u r e   a p p r o x i m a t i n g   t h i r t y - f i v e  

tons   w h e r e a f t e r   the  r e m a i n i n g   s even   s c r e w s   14  are  ins ta l l ed   and  all  n i n e  

s c r e w s   are  t i g h t e n e d   u n d e r   p r e d e t e r m i n e d   t o r q u e s   to  re ta in   a  p r e d e t e r m i n e d  

c l amp ing   p r e s s u r e .  

In  the   a b s e n c e   of  u t i l i z ing   the  above   method  s t eps ,   in i t i a ted   b y  

f o r m i n g   the  s e v e n   i n t e r m e d i a t e   bolt  holes  42  t h r o u g h   the  body  in  an  a r c u a t e  

a r r a y ,   c o r r e s p o n d i n g   bolt  holes  which  are  o r i g i n a l l y   formed  in  a  l inear   m a n n e r  



would  tend  to  e l onga t e   l o n g i t u d i n a l l y   when  the  body   is  f i l led.   S u c h  

e longa t ion   not  only  weakens   the  s t r u c t u r a l   i n t e g r i t y   of  the  body  a n d  

i n t e g r a t e d   end  c l o s u r e ,   but  also  r e n d e r s   the  end  c l o s u r e   p r o n e   to  l e a k a g e  

a f te r   c o n t i n u e d   use .   A l t h o u g h   U.S.   Patent   No.  3 ,121 ,577   g e n e r a l l y  

r e c o g n i z e s   t h e s e   p r o b l e m s ,   the  a r c u a t e   c lamping  p la tes   d i s c l o s e d   t h e r e i n   fai l  

to  p rov ide   the  e f f i c ien t   a n t i - l e a k a g e   and  s t r u c t u r a l   i n t e g r i t y   d e s i d e r a t a  

p r o v i d e d   by  a p p l i c a n t ' s   i n v e n t i o n .  

It  s hou ld   be  noted  in  F igu re   15,  for  example ,   tha t   the  ou te r   two  

sc rews   14  used   for  a n c h o r i n g   p u r p o s e s   are  pos i t ioned   s u b s t a n t i a l l y   r e a r w a r d l y  

of  seals  16'  and  r e a r w a r d l y   of  the  seven  f o r w a r d l y   d i s p o s e d   and  a l i g n e d  

sc rews   14.  This   a r r a n g e m e n t   t e n d s   to  re l ieve  any  a d v e r s e   c l amping   p r e s -  

su r e s   that   may  occu r   ad jacen t   to  the  fo rward   c o r n e r s   of  the   c lamping   p l a t e s ,  

which  are  po in t s   on  the  jack  p r o n e   to  l e a k a g e .  



1.  A  h y d r a u l i c   j a c k   c o m p r i s i n g  

an  e l o n g a t e   and  s e a m l e s s   t u b u l a r   body  h a v i n g  

f i r s t   and  s e c o n d   e n d s   and  c o m p o s e d   of  an  i m p e r v i o u s ,  

f l e x i b l e   m a t e r i a l   e x p a n d i b l e   f rom  a  f l a t t e n e d   c o n d i t i o n ,  

to  p e r m i t   s a i d   body   to  be  r o l l e d - u p   i n t o   c o i l   f o r m ,   t o  

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

w i t h   h y d r a u l i c   f l u i d ,  

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

of   s a i d   b o d y   i n t o   f l a t t e n e d   fo rm  c o e x t e n s i v e   w i t h   a n d  

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

body   when  s a i d   body   i s   in   i t s   f l a t t e n e d   c o n d i t i o n ,   s a i d  

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

p l a t e s   h a v i n g   t h e   f i r s t   end  of   s a i d   body  c l a m p e d   t h e r e -  

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

b e t w e e n   e a c h   c l a m p i n g   p l a t e   and  s a i d   body   and  h a v i n g  

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

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

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

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

end  6f  s a i d   b o d y ,   and  h y d r a u l i c   f i t t i n g   means   s e c u r e d  

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

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

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

body   to   e x p a n d   i t   f r om  i t s   f l a t t e n e d   c o n d i t i o n   to  i t s  

e x p a n d e d   c o n d i t i o n ,  

2.  A  h y d r a u l i c   j a c k   c o m p r i s i n g   an  e l o n g a t e d   a n d  

s e a m l e s s   t u b u l a r   body   h a v i n g   f i r s t   and  s e c o n d   e n d s  

and  c o m p o s e d   of  an  i m p e r v i o u s ,   f l e x i b l e   and  woven  f a b r i c  

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

s e a l i n g   a g e n t   and  e x p a n d i b l e   f rom  a  f l a t t e n e d   c o n d i t i o n ,  

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

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

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

c l o s i n g   and  s e a l i n g   an  end  of  s a i d   body  i n t o   f l a t t e n e d  

fo rm  c o e x t e n s i b l e   w i t h   and  g e n e r a l l y   c o n f o r m i n g   to  t h e  



c o m p o s i t e   t h i c k n e s s   of  s a i d   body  when  s a i d   body  is   in  i t s  

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

s o c k   c o m p o s e d   of  a  woven  f a b r i c   m a t e r i a l   woven  a n d  

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

3.  The  h y d r a u l i c   j a c k   of  c l a i m   2,  w h e r e i n   s a i d  

s o c k   i s   woven  as  a  u n i t a r y ,   c o m p o s i t e   s t r u c t u r e   w i t h  

s a i d   b o d y .  

4.  The  h y d r a u l i c   j a c k   of  c l a i m   1,  2  of  3,  w h e r e i n  

t h e   i n t e r n a l   b u r s t   s t r e n g t h   of  s a i d   body  and  e a c h  

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

to  s a i d   h y d r a u l i c   f l u i d   p r e s s u r e ,   i s   a t   l e a s t   600  p s i .  

5.  The  h y d r a u l i c   j a c k   of  any  o n e . o f   c l a i m s   1  to  4 ,  

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

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

l i n e r   w i t h i n   s a i d   b o d y .  

6.  The  h y d r a u l i c   j a c k   of  a n y  o n e   c l a i m s   1  to  4 ,  

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

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

n a t e d   w i t h   a  c u r e d   p l a s t i c   r e s i n .  

7.  The  h y d r a u l i c   j a c k   of  c l a i m   6,  w h e r e i n   s a i d  

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

in  t h e   r a n g e   of  4 3 0 , 0 0 0   p s i   and  a  m o d u l u s   of  e l a s t i c i t y  

of  a t   l e a s t   9  m i l l i o n   p s i .  

8.  A  m e t h o d   f o r   m a k i n g   an  end  c l o s u r e   on  a  

d o u b l e - l a y e r e d   open  end  of  a  t u b u l a r   f l e x i b l e   b o d y  

of  an  i n f l a t a b l e   h y d r a u l i c   j a c k   c o m p r i s i n g   t he   s t e p s  

o f  

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

t h r o u g h   s a i d   open   end  in  an  a r c u a t e   a r r a y   and  t r a n s -  

v e r s e l y   r e l a t i v e   to  a  l o n g i t u d i n a l   a x i s   of  s a i d   b o d y ,  

a n c h o r i n g   s a i d   open  end  a t   e i t h e r   s i d e   of  s a i d  

b o l t   h o l e s ,  

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

a l i g n   s a i d   b o l t   h o l e s   in  l i n e a r   r e l a t i o n s h i p   r e l a t i v e  

to  e a c h   o t h e r ,   a n d  



c l a m p i n g   s a i d   o p e n   end  to   fo rm  a  s e a l e d   e n d  

c l o s u r e   t h e r e a t .  

9.  The  m e t h o d   of  c l a i m   8,  w h e r e i n   s a i d   a n c h o r i n g  

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

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

10.  The  m e t h o d   of  c l a i m   8  or   9,  w h e r e i n   s a i d  

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

a  p r e s s u r i s e d   f l u i d .  
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