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,METHOD AND APPARATUS FOR DRIVING PIL ING 

One o f  t 'he c l a i m s  and t h e  o b j e c t  o f  t h i s  i n v e n t i o n  i s  t o  e n a b l e  

t h e  d r i v i n g  o f  P i l e s  u n d e r w a t e r  t o  be c a r r i e d  o u t  i n  any  d e p t h  o f  

w a t e r .  I t  i s  cus tomary  when d r i v i n g  P i l e s  i n t o  t h e  ocean f l o o r  t h a t  

t h e  P i l e  p r o j e c t s  above t h e  w a t e r  s u r f a c e  because t h e  P i l e  D r i v e r  

has  t o  o p e r a t e  i n  a i r .  As t h e  d e p t h  i n c r e a s e s  t h e  p r o c e s s  becomes 

more u n d e s i r a b l e  due t o  t h e  l o n g  s e c t i o n  o f  P i l e  n e c e s s a r y  be tween 

t h e  ocean b o t t o m  and s u r f a c e  o f  wa te r .  T h i s  i n v e n t i o n  w i l l  e n a b l e  

P i l e s  t o  be  d r i v e n  a t  any  d e p t h  even t o  d r i v i n g  t h e  t o p  o f  t h e  P i l e  

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

s u r f a c e  i f  i t  i s  s o  d e s i r e d .  

A n o t h e r  c l a i m  o f  t h i s  i n v e n t i o n  i s  t h e  power g e n e r a t i n g  and 

t r a n s m i s s i o n  sys tem d e s i g n  t h a t  e n a b l e s  o n l y  one u m b i l i c a l  c o r d  t o  

b e  used c o n n e c t i n g  t h e  P i l e  D r i v e r  w i t h  i t s  s o u r c e  o f  power l o c a t e d  

a b o a r d  t h e  P i l e  D r i v e r ' s  s u p p o r t  v e s s e l ,  whether  i t  i s  o p e r a t i n g  above 

o r  b e l o w ' k a t e r .  H e r e t o f o r e ,  P i l e  D r i v e r s  u s i n g  a f l u i d  medium t o  

t r a n s m i t  t h e  e n e r g y  d e v e l o p e d  b y  a pump t o  t h e  P i l e  D r i v e r  wou ld  

r e q u i r e  two  hoses c o n n e c t i n g  t h e  power s o u r c e  and t h e  P i l e  D r i v e r .  

One hose  wou ld  c a r r y  h y d r a u l i c  f l u i d  under  p r e s s u r e  t o  t h e  P i l e  
- .  

D r i v e r ;  t h e  o t h e r  hose w o u l d  r e t u r n  t h e  f l u i d  t o  t h e  r e s e r v o i r  

n e a r  and connec ted  t o  t h e  pump. T h i s  was r e q u i r e d  because n o r m a l  

h y d r a u l i c  f l u i d  i s  an o i l  based m a t e r i a l  and e n v i r o n m e n t a l  c o n s i d e r a -  

t i o n s  p r e v e n t  i t s  b e i n g  dumped and a l s o  because o f  i t s  c o s t ,  i t  

needs t o  be reused .  

One c l a i m  o f  t h i s  i n v e n t i o n  i s :  t h i s  P i l e  D r i v e r  uses  

seawa te r  a s  i t s  h y d r a u l i c  f l u i d ,  and h a v i n g  g i v e n  up i t s  ene rgy ,  

i t  is d i s p o s e d  o f  b y  r e t u r n i n g  i t  t o  t h e  ocean s u r r o u n d i n g  t h e  



hammer. Thereby, e l i m i n . a t i n g  t h e  need f o r  two power t r a n s m i s s i o n  

'hoses between t h e  pump and P i l e  D r i v e r .  

To enab le  t h i s  i n v e n t i o n  t o  work p r o p e r l y  a  v a l v e  o f  s p e c i a l  

d e s i g n  i s  r e q u i r e d .  

The s p e c i a l  v a l v e  i s  t h e  o b j e c t  o f  a  P a t e n t  a p p l i c a t i o n  s e n t  

t o  Mason, Kolehmainen, Rathburn & Wyss on May 24, 1979 t i t l e d  

H y d r a u l i c  P i l e  Hammer. 

F u r t h e r  t o  enable  t h i s  P i l e  D r i v e r  t o  work more e f f i c i e n t l y  

an a i r  env i ronment  i s  ma in ta i ned  w i t h i n  t h e  P i l e  D r i v e r  Casing. 

The m a i n t a i n i n g  o f  an a i r  atmosphere w i t h i n  t h e  P i l e  Cas ing  

r e q u i r e s  s p e c i a l  equipment. The use o f  an a i r  atmosphere and t h e  

necessary  equipment t o  supp l y  and m a i n t a i n  i t  c o n s t i t u t e s  a  c l a i m  

o f  t h i s  i n v e n t i o n .  

These c l a i m s  a r e  b e s t  d e s c r i b e d  by r e f e r r i n g  t o  d raw ings  

F i g u r e  I, 11, 111, and I V  and t h e  f o l l o w i n g  d e s c r i p t i o n .  

~ i ~ u r e  I shows t h e  g e n e r a l  concep t  o f  where and i n  what manner 

t h i s  i n v e n t i o n  would be used. 

F i g u r e  I1 shows t h e  v a r i o u s  ma jo r  component p a r t s  o f  t h i s  

i n v e n t i o n :  The d raw ing  i s  i n  approx imate t r u e  p r o p o r t i o n  w i t h  

t h e  Hammer i n  i t s  l owes t  p o s i t i o n .  A l l  Key Nos. r e f e r  t o  same 

I t e m s  on a l l  d rawings.  

I t e m  ( l a )  t h e  g e n e r a l  o v e r a l l  o u t s i d e  c a s i n g  of t h e  P i l e  

D r i v e r .  ( I t e m  I )  C y l i n d e r  w i t h i n  which t h e  P i s t o n  (7) ope ra tes .  

I t e m  ( 2 )  P ipe  Cap t h a t  s e t s  on t o p  o f  P i l e  ( 9 0 ) .  I t e m  ( 3 )  

Cushion M a t e r i a l ,  I t e m  ( 4 )  A n v i l  t h a t  t r a n s m i t s  t h e  impact  f o r c e  

generated by  d r o p p i n g  Ram ( 6 )  t o  Cushion M a t e r i a l  ( 3 )  and P i p e  

Cap (2). I t e m  ( 5 )  Ram P o i n t  ( i n t e g r a l  w i t h  and lower  p o r t i o n  on 



Ram (6). I t e m  (9) P i s t o n  Rod c o n n e c t i n g  P i s t o n  ( 7 )  o b j e c t  on 

w h i c h  l i f t i n g  f o r c e  i s  a c t e d  upon and Ram ( 6 )  ( w e i g h t  l i f t e d ) .  

( 7 )  P i s t o n ,  ( 8 )  S p e c i a l  v a l v e  ( c l a i m  o f  p r e v i o u s l y  f i l e d  H y d r a u l i c  

P a t e n t )  ( 1 0 )  l o w  f r i c t i o n  Ram Guides .  

F i g u r e  I11 shows t h e  e n t i r e  Hammer . in  a b o u t  t r u e  p r o p o r t i o n  

w i t h  t h e  Ram i n  i t s  t o p  p o s i t i o n .  

F i g u r e s  I V  & V a r e  s c h e m a t i c  v e r s i o n s  showing o n l y  t h e  

e s s e n t i a l s  o f :  ( 1 )  C y l i n d e r ,  S p e c i a l  V a l v e  (81 ,  V a l v e  ( 1 1 )  and 

a u x i l i a r i e s  needed f o r  o p e r a t i o n .  

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

l i f t i n g  e n e r g y  i s  a s  f o l l o w s :  F i g u r e  I1 shows t h e  Hammer s e t t i n g  

on t h e  P i l e  ( 9 0 )  r e a d y  t o  s t a r t  d r i v i n g - - t h e  Ram P o i n t I R a m  (5) ( 6 )  

s e t t i n g  on t h e  A n v i l  ( 4 )  t h e  P i s t o n  R o d / P i s t o n  ( 9 )  (7) i n  i t s  l o w e s t  

p o s i t i o n .  F o r  d e t a i l  o f  V a l v e  o p e r a t i o n  see F i g u r e s  I V ,  V, V I ,  and 

V, V I I  a l s o .  

v a l v e  ( 8 )  i s  c o v e r e d  i n  a p r e v i o u s l y  f i l e d  P a t e n t  f o r  a H y d r a u l i c  

Hammer. I t s  f u n c t i o n  i s  r e p e a t e d  h e r e  f o r  t h e  sake  o f  c o n t i n u i t y  

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

F i g u r e s  V I - a n d  V I I  show V a l v e  ( 8 )  i n  abou t  i t s  t r u e  p r o p o r t i o n s  

f o r  an u n d e r w a t e r  hammer. I n  F i g u r e s  11, I V ,  and V I ,  V a l v e  ( 8 )  i s  

i n  a  downward and open t o  t h e  pump s o u r c e  o f  power p o s i t i o n .  A 

d e s c r i p t i o n  o f  V a l v e  ( 8 ) ' s  f u n c t i o n  i s  a s  f o l l o w s :  

F i g u r e s  11, I V ,  and V I  show t h e  V a l v e  i n  i t s  l o w e s t  p o s i t i o n ,  

a d m i t t i n g  seawa te r  under  p r e s s u r e  i n t o  C a v i t y  [A1 t h r o u g h  P o r t  ( 5 0 )  

f rom w a t e r  s u p p l y  l i n e  ( 8 1 )  t h e r e b y  c r e a t i n g  an upward f o r c e  on 

P i s t o n  ( 7 ) .  S p e c i a l  V a l v e  ( 8 )  i s  h e l d  i n  i t s  downward p o s i t i o n  b y  

w a t e r  u n d e r  p r e s s u r e  i n  C a v i t y  [ B l  t h r o u g h  l i n e  ( 4 3 )  v i a  V a l v e  ( 1 1 )  



and L i n e  ( 7 0 )  meanwhi le c a v i t y  [ C I  i s  open t o  exhaust  i t s  c o n t e n t s  

i n t o  t h e  sea v i a  l i n e  (44 )  Va l ve  ( 1 1 )  and L i n e  ( 7 1 ) .  See F i g u r e  I. 

The water  f r om pump ( 9 1 )  i s  t r a n s f e r r e d  t o  t h e  P i l e  D r i v e r  ( 1  through '  

hose ( 8 1 )  e n t e r i n g  C a v i t y  [ A ] '  v i a  P o r t  ( 5 0 ) .  The f o r c e  o f  t h e  w a t e r  

a c t i n g  upon t h e  unde rs i de  o f  t h e  P i s t o n . ( 7 )  l i f t s  t h e  P i s t o n  Rod/ 

Ram (9) ( 6 ) .  The f u n c t i o n  and work ing  p a r t s  o f  C o n t r o l  Va lve  ( 1 1 )  

a r e  covered i n  p r e v i o u s l y  f i l e d  H y d r a u l i c  Pa ten t  A p p l i c a t i o n .  The 

water  under p r e s s u r e  i n  C a v i t y  [ A 1  c o n t i n u e s  t o  l i f t  P i s t o n  ( 7 )  

u n t i l  t h e  S t r o k e  C o n t r o l  ( 1 2 )  mounted on t h e  S l i d e  Bar ( 1 3 )  c o n t a c t s  

t h e  Stem ( 1 4 )  o f  C o n t r o l  Va l ve  (11 )  and pushes i t  upward. The 

upward f o r c e  on Stem (14 )  o f  Va lve  ( 1 1 )  moves t h e  Spoo l  o f  Va lve  ( 1 1 )  

t h e r e b y  r e v e r s i n g  t h e  f l o w  o f  water  t h r o u g h  Valve ( 1 1 ) .  T h i s  a c t i o n  

reve rses  t h e  p r e s s u r e  on P i s t o n  ( 1 5 )  o f  Va lve  ( 8 ) .  T h i s  t a k e s  p l a c e  

i n  t h e  f o l l o w i n g  sequence. 

Compare F i g u r e s  I V  and V, c o n t i n u e  w i t h  F i g u r e  V. As t h e  

Ram ( 6 )  r i s e s  i t  moves S l i d e  Ba r  ( 1 3 )  upward u n t i l  S t r o k e  C o n t r o l  

( 1 2 )  pushes upward on Valve Stem ( 1 4 )  which reve rses  t h e  f l o w  o f  

wa te r  t h r o u g h  C o n t r o l  Va lve ( 1 1 ) .  Due t o  t h e  change of  t h e  P o r t s  

i n  Va lve (111, C a v i t y  [ B ]  i s  exhausted t o  t h e  ocean w h i l e  C a v i t y  LC1 

is p r e s s u r i z e d .  T h i s  s h i f t s  t h e  movable Body ( 1 5 )  o f  Va lve  ( 8 )  

f r om i t s  downward p o s i t i o n  t o  i t s  upward p o s i t i o n .  Wi th  t h e  

Movable Body ( 1 5 )  i n  i t s  upward p o s i t i o n  P o r t  ( 5 0 )  i s  c l o s e d  o f f  

p r e v e n t i n g  any f u r t h e r  en t rance  o f  wa te r  f rom t h e  Pump ( 9 I ) / L i n e  

(81) .  As P o r t  ( 5 0 )  i s  c l o s e d  by  h y d r a u l i c  p ressu re  ( i n  t h i s  case 

t h e  h y d r a u l i c  medium i s  seawate r )  i n  C a v i t y  [ C l ,  C a v i t y  [ B l  i s  

opened t o  exhaust  i t s  c o n t e n t s  i n t o  t h e  sea. The c h a r a c t e r i s t i c  

o f  Valve  ( 8 )  i .e. ,  P o r t  ( 5 0 )  c l o s i n g  o r  opening i n  r eve rse  o f  



P o r t  (51 1 c l o s i n g  o r  o p e n i n g  i s  a claim o r  P a t e n t  D i s c l o s u r e  o f  

.May 24, 1979, i n  t h a t  V a l v e  ( 8 )  is  s o  c o n s t r u c t e d  t h a t  a t  n o  t i m e  

is V a l v e  ( 8 )  i n  s u c h  a p o s i t i o n  t h a t  b o t h  i n t a k e  a n d  e x h a u s t  

P o r t s  (50)  a n d  (51 )  are i n  a c l o s e d  p o s i t i o n  s i m u l t a n e o u s l y .  

S t a t e d  i n  a n o t h e r  m a n n e r  V a l v e  ( 8 )  h a s  n o  " d e a d s p o t "  when f l u i d  

is t r a p p e d  i n  C a v i t y  [ A ]  w h i c h  w o u l d  c a u s e  s h o c k  t o  b e  t r a n s m i t t e d  

t o  a r e a s  s u r r o u n d i n g  t h e  t r a p p e d  f l u i d .  T h e  f l u i d  i n  C a v i t y  [A1 

d i s c h a r g e s  t o  t h e  sea t h r o u g h  P o r t  (51 1. P o r t  (51)  is  b y  d e s i g n  

g r e a t e r  i n  area t h a n  t h e  u n d e r s i d e  ( l i f t i n g  a r e a )  o f  P i s t o n  ( 7 )  

w h i c h  p e r m i t s  t h e  a s s e m b l y :  P i s t o n  (71, P i s t o n  Rod (91, R a m  ( 6 1 ,  

and  R a m  P o i n t  ( 5 )  t o  f a l l  w i t h  t h e  l eas t  r e s i s t a n c e , . o f  water i n  

C a v i t y  [ A ]  t h a t  i s  p o s s i b l e .  A s  l o n g  as t h e  P o r t  (51) i s  o p e n  

a n d  P o r t  ( 50 )  c l o s e d  t h e  R a m  A s s e m b l y  w i l l  f a l l  . d u e  t o  g r a v i t y .  

As t h e  R a m  Assembly  d r o p s  it carr ies  w i t h  it t h e  S l i d e  Bar (13) 

t h a t  h a s  a t t a c h e d  t o  i t s  u p p e r  e n d  C o n t r o l  A r m  (17) .  A s  t h e  R a m  

P o i n t  ( 5 j " ~ i ~ u r e  I1 s t r i k e s  t h e  A n v i l  ( 4 )  t h e  C o n t r o l  A r m  (17) 

( s e e  F i g u r e s  I V  a n d  V l ' i s  s o  p o s i t i o n e d  t h a t  i t  p u s h e s  d o w n w a r d  

o n  t h e  U p p e r  Stem ( 1 6 )  o f  C o n t r o l  V a l v e  (11). T h i s  r e v e r s e s  t h e  

p o s i t i o n  o f  V a l v e  (11) t o  t h e  p o s i t i o n  i t  was i n  F i g u r e  V I  t h a t  

c h a n g e s  t h e  p o s i t i o n  o f  t h e  V a l v e  S l i d e r  ( 15 )  i n  V a l v e  ( 8 ) .  T h i s  

o p e n s  P o r t  (50) c l o s e s  P o r t  (51)  a n d  t h e  C y c l e  is  r e p e a t e d .  

A n o t h e r  c la im of t h i s  i n v e n t i o n  i s  t h e  p o r t i o n  o f  d e s i g n  t h a t  

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

r e s i s t a n c e  t h a n  o n e  t h a t  i s  f a l l i n g  t h r o u g h  water. See F i g u r e s  

I1 a n d  111. T h e  s p a c e s  t h a t  a re  t o  b e  m a i n t a i n e d  i n  a n  a i r  

a t m o s p h e r e  a re  [ D l ,  [ E l ,  [Fl. T h e  u n i q u e  way t h i s  i s  t o  be 

a c c o m p l i s h e d  is: L i n e  (82) s u p p l i e s  c o m p r e s s e d  a i r  t o  t h e  Hammer 



a t  10 1bs. lsq .  i n .  h i g h e r  p r e s s u r e  t h a n . t h e  w a t e r  p r e s s u r e  o f  t h e  

' d e p t h  t h e  Hammer i s  o p e r a t i n g  i n .  V a l v e  ( 1 8 )  i s  a p r e s s u r e  c o n t r o l  

V a l v e  t h a t  senses  t h e  o f  t h e  w a t e r  s u r r o u n d i n g  i t  and 

m a i n t a i n s  a f l o w i n g  a i r  p r e s s u r e  t h r o u g h  t h e  V a l v e  o f  10 l b s .  

h i g h e r  p r e s s u r e .  The compressed a i r  i s . a d m i t t e d  t o  C a v i t y  [ D l  

t h r o u g h  P o r t  ( 5 2 )  f r o m  C a v i t y  [ D l  i t  passes  t h r o u g h  P o r t  ( 5 3 )  

t o  C a v i t y  [ E l .  C a v i t y  [ E l  i s  i n t e g r a l l y  connec ted  t o  C a v i t y  [ F l  

s u r r o u n d i n g  t h e  Ram (61, f r o m  C a v i t y  [ F l  i t  passes  o u t  t o  t h e  s e a  

s u r r o u n d i n g  t h e  Hammer t h r o u g h  P o r t  ( 5 4 ) .  By means o f  t h e  above 

t h e  Ram and P i s t o n  i s  a b l e  t o  f a l l  w i t h  a minimum o f  r e s i s t a n c e .  

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

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

p o s s i b l e  i n  i t s  f a l l  w h i l e  t h e  a i r  c o n t a i n e d  w i t h i n  C a v i t i e s  [ D l ,  [ E l ,  

and [Fl a r e  m a i n t a i n e d  a t  10 P.S.I. p r e s s u r e  above t h e  o u t s i d e  sea- 

w a t e r  whether  t h e  hammer i s  g o i n g  down ( s e a w a t e r  p r e s s u r e  i n c r e a s i n g )  

o r  coming  up t o  t h e  s u r f a c e  ( s e a w a t e r  p r e s s u r e  d e c r e a s i n g ) .  The 

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

p r e v e n t i n g  a  s i t u a t i o n  whereby t h e  i n t e r i o r  o f  t h e  C a v i t y  may be  

f l o o d e d  o r  a  sudden r e l e a s e  o f  e x c e s s  a i r  p r e s s u r e  may o c c u r  as  an 

e x p l o s i v e  f o r c e  t h a t  c o u l d  endanger  anyone nearby .  

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

e n a b l e  a P i l e  D r i v e r  t o  o p e r a t e  s a t i s f a c t o r i l y  a t  any  d e p t h  under -  

w a t e r  w h i c h  has  n o t  been p o s s i b l e  b e f o r e .  
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