
®  J  

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

@  Publication  number: 0 1 6 4   2 0 2  
A 1  

EUROPEAN  PATENT  APPLICATION 

Application  number:  85302860.3 

Date  of  filing:  24.04.85 

g)  mt.  ci/:  F  16  L  1/04,  E  02  F  5 /02 ,  
B 6 3 B   3 5 / 0 4  

Priority:  07.05.84  US  608076 

Date  of  publication  of  application:  11.12.85 
Bulletin  85/50 

Designated  Contracting  States:  BE  DE  FR  GB  IT  NL  SE 

Applicant:  LYNTECH  CORPORATION,  10177  South  77th 
East  Avenue,  Tulsa  Oklahoma  741  33  (US) 

Inventor:  Robert,  P.  Lynch,  10177  South  77th  East 
Avenue,  Tulsa  Oklahoma  74133  (US) 

§)  Representative  :  Kerr,  Slmonne  June  et  al,  European 
Patent  Attorney  POTTS,  KERR  &  CO.  13  High  Street, 
Windsor  Berkshire  SL4  1  LD  (GB) 

@  Marine  pipeline  trenching  plough. 

  A  combination  trenching  and  pipe  laying  device  (10)  com- 
prising  a  plow  assembly  (24)  having  at least two  plows  (38,40, 
42)  thereof  of  progressively  increasing  depth  wherein  the  lead- 
ing  plow  initially  opens  the  trench  and  the  succeeding  plow  or 
plows  increase  the  depth  of  the  trench  to  a  desired  ultimate 
depth  thereof,  pipe  laying  apparatus  (82)  carried  by  the  plow 
assembly  (24)  for laying  of the  pipe  (88) in  the  trench  substan- 
tially  immediately  behind  the  hindmost  or trailing  plow  and  load 
cells  (98)  or  sensing  devices  provided  on  the  pipe  laying  ap- 
paratus  for detecting  the  physical  orientation  of the  pipe  on the 
apparatus  in  order  that  the  optimum  position  of  the  pipe  may 
be  maintained  during  the  pipe  laying  operation. 



This  i n v e n t i o n   r e l a t e s   to  improvements  in  p i p e l i n e   l a y i n g  

a p p a r a t u s   and  more  p a r t i c u l a r l y ,   but  not  by  way  of  l i m i t a t i o n ,  

to  a  marine  t r e n c h i n g   plow  for  e x c a v a t i n g   a  p i p e l i n e   t r ench   in  a n  

u n d e r w a t e r   l o c a t i o n   while  s i m u l t a n e o u s l y   l ay ing   the  pipe  in  t h e  

dredged  t r e n c h .  

I t   is  common  p r a c t i c e   today  to  lay  or  bury  marine  p i p e l i n e s  

on  the  f l o o r   of  the  ocean  or  o t h e r   bodies  of  water   to  p r o t e c t   t h e  

p i p e l i n e   from  damage  due  to  u n d e r w a t e r   c u r r e n t s ,   anchors ,   o r  

o the r   unde rwa te r   h a z a r d s .   The  p i p e l i n e   is  normal ly   c a r r i e d   on  a  

lay  barge  and  is  wound  onto  and  o f f   of  s u i t a b l e   r e e l   means  moun ted  

on  the  barge  whereby  the  p i p e l i n e   is  t r a n s f e r r e d   to  the  o c e a n  

bot tom.  In  a d d i t i o n ,   an  u n d e r w a t e r   plow  or  t r e n c h i n g   means  i s  

u s u a l l y   towed  by  the  barge  for   d redg ing   a  p i p e l i n e   r e c e i v i n g  

t r e n c h   on  the  f l o o r   or  bottom  of  the  body  of  wa te r .   C o n v e n t i o n a l  

u n d e r w a t e r   t r e n c h i n g   or  marine  d redg ing   t e c h n i q u e s   f r e q u e n t l y  

comprise  the  i n i t i a l   c u t t i n g   of  the  t r ench   on  the  f l o o r   of  t h e  

ocean  and  s u b s e q u e n t l y   l a y i n g   the  p i p e l i n e   in  the  open  t r e n c h .  

Another   common  method  of  i n s t a l l i n g   a  p i p e l i n e   u n d e r w a t e r   c o m p r i s e s  

the  l a y i n g   of  the  p i p e l i n e   on  the  ocean  f l o o r   and  s u b s e q u e n t l y  

e x c a v a t i n g   a  t r ench   benea th   the  pipe  by  us ing   a  high  p r e s s u r e   w a t e r  

j e t   s l ed .   Many  a t t e m p t s   at  s o l v i n g   the  problems  i nvo lved   in  t h e  

l a y i n g   of  marine  p i p e l i n e s   have  been  dev ised ,   as  shown  in  U n i t e d  

S t a t e s   Pa t en t   Nos.  3 ,401 ,473 ,   3 ,333 ,432 ,   3 ,952 ,532 ,   4 , 0 1 1 , 7 2 7 ,  

4 , 1 2 9 , 9 9 2 ,   3 ,898 ,852 ,   3 ,824 ,789 ,   3 ,788 ,085 ,   3 ,540 ,226 ,   3 , 3 4 7 , 0 5 4 ,  

3 ,217 ,499 ,   2 ,142 ,136 ,   2 , 067 ,717 ,   4 ,112 ,695 ,   4 ,091 ,629 ,   4 , 0 3 7 , 4 2 2 ,  

3 ,786 ,642 ,   3 ,372 ,461 ,   3 ,982,402  a n d  4 , 2 6 0 , 2 8 7 .   T h e s e  d e v i c e s  

have  c e r t a i n   d i s a d v a n t a g e s ,   however,   in  tha t   most  of  them  r e q u i r e  

the  l a y i n g   of  the  pipe  and  the  d redg ing   of  the  t r e n c h   t h e r e f o r  

be  accompl i shed   in  s e p a r a t e   o p e r a t i o n s ,   which  is  both  e x p e n s i v e  

and  time  consuming .  



The  p r e s e n t   i n v e n t i o n   c o n t e m p l a t e s   a  n o v e l   c o m b i n e d  

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

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

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

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

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

r e d u c t i o n   of  t i m e   r e q u i r e d   in  a  m a r i n e   p i p e l i n e   l a y i n g   o r  

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

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

in  an  i n - l i n e   r e l a t i o n   or  s e q u e n c e   on  a  common  p l o w ,   a s  

o p p o s e d   to  t h e   c o n v e n t i o n a l   s i n g l e   p low  s h a r e .   T h i s  

c o n s t r u c t i o n   r e d u c e s   t h e   t o w i n g   f o r c e   r e q u i r e d   by  t h e   b a r g e  

f o r   p u l l i n g   t h e   p low  t h r o u g h   t h e   w a t e r .   In   a d d i t i o n ,   t h e  

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

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

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

and  e f f i c i e n t .   As  t h e   m u l t i p l e   s e q u e n t i a l l y   a r r a n g e d  

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

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

e l e m e n t   is   i n j e c t e d   i n t o   t h e   c u t t i n g   d i r e c t l y   b e h i n d   t h e  

c u t t i n g   edge   w h e r e u p o n   t h e   w a t e r   may  be  d i s p e r s e d   t h r o u g h -  

o u t   t h e   e n t i r e   t r e n c h   d e p t h ,   or   may  be  s e l e c t i v e l y   d i r e c t e d  

to  or   a p p l i e d   to   a  p a r t i c u l a r   c u t t i n g   e l e m e n t   or  b l a d e .  

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

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

of  t h e   t r e n c h   b e i n g   d r e d g e d   to  t h e   g r o u n d   l e v e l   or   l e v e l  

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

a r e   d i v e r t e d   or   s p l i t   by  a  V - s h a p e d   d i v e r t e r   means   w h i c h  

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

d i s t a n c e   f rom  t h e   t r e n c h   so  as  to   s u b s t a n t i a l l y   e l i m i n a t e  

any  of   t h e   c u t t i n g s   or   s p o i l   f a l l i n g   b a c k   i n t o   t h e   d r e d g e d  

t r e n c h .   In  a d d i t i o n ,   a  s t e p   i s   p r o v i d e d   a t   t h e   j u n c t u r e  

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



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

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

i n g   t h e   e l e v a t i o n   of   t he   c u t t i n g s   away  f rom  t h e   b o t t o m   o f  

t he   t r e n c h .   The  s t e p   means   a l s o   f r a c t u r e s   t he   c u t t i n g s ,  

w h i c h   e n h a n c e s   t h e   c o - m i n g l i n g   of   t h e   c u t t i n g s   w i t h   t h e  

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

t r e n c h i n g   o p e r a t i o n .   I t   i s   a l s o   p r e f e r a b l e   to  p r o v i d e   w a t e r  

j e t   n o z z l e s   a t   t h e   a p e x   of  t h e   V - s h a p e d   d i v e r t e r   to  f u r t h e r  

f a c i l i t a t e   t h e   d e l i v e r y   of  t h e   c u t t i n g s   away  f rom  t h e   t r e n c h .  

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

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

s u r f a c e   of  t he   o c e a n   f l o o r   w h i l e   b e i n g   t o w e d   by  t h e   l a y  

b a r g e .   S u i t a b l e   a c t u a t o r s ,   s u c h   as  h y d r a u l i c   m e a n s ,   a r e  

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

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

to   a  p o s i t i o n   a b o v e   or   o u t   of   e n g a g e m e n t   w i t h   t h e   n a t u r a l  

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

to  b e  t o w e d   t h r o u g h   t h e   o c e a n   or   body   of  w a t e r   w i t h o u t  

c u t t i n g   a  t r e n c h .   T h i s   i s   an  i m p o r t a n t   f e a t u r e   s i n c e   t h e r e  

a r e   many  m a r i n e   or   u n d e r w a t e r   l o c a t i o n s   in  o f f s h o r e   o i l  

f i e l d s   w h e r e b y   many  p r e - e x i s t i n g   p i p e l i n e   h a v e   b e e n   b u r i e d  

to  a  d e p t h   of  a p p r o x i m a t e l y   t h r e e   f e e t .   The  p i v o t a l   f e a t u r e  

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

c u t t i n g   e l e m e n t s   a l l o w s   t h e   a p p a r a t u s   to  be  moved  o v e r   o r  
' a c r o s s   an  e x i s t i n g   p i p e l i n e   i n s t a l l a t i o n   w i t h o u t   d a m a g e  

t h e r e t o   and  w i t h o u t   i m p e d i m e n t   of  t he   o p e r a t i o n   of   t h e  

n o v e l   c o m b i n e d   t r e n c h i n g   and  p i p e   l a y i n g   a p p a r a t u s .  
A  d e p t h   r e g u l a t i n g   means   i s   p i v o t a l l y   s e c u r e d   t o  

t h e   r e a r   p o r t i o n   or  t r a i l i n g   end  of   t h e   r e a r   or  f i n a l   c u t t i n g  

e l e m e n t s .   The  d e p t h   r e g u l a t i o n   means   may  be  in  t he   f o r m  

of  a  pad  w h i c h   r i d e s   on  t h e   b o t t o m   of  t h e   d r e d g e d   t r e n c h ,  

and  t h e   a n g l e   of  t h e   r e g u l a t i n g   pad  may  be  a d j u s t e d   i n  

r e l a t i o n   to  t h e   b o t t o m   of  t h e   t r e n c h .   The  a p p l i c a t i o n   o f  

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

ing   pad  p e r m i t s   a  c o n t r o l   of  t h e   d e p t h   to  w h i c h   t he   t r e n c h  



i s   c u t .   The  s o i l   e n c o u n t e r e d   a t   t h e   b o t t o m   of  t h e   t r e n c h  

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

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

a t   t h e   b o t t o m   of   t h e   t r e n c h   p e r m i t s   a  more   p r e c i s e   c o n t r o l  

of   t h e   t r e n c h   d e p t h .   S u i t a b l e   r e t r a c t a b l e   and  e x t e n s i b l e  

s t e e r i n g   p l a t e   m e a n s   i s   a l s o   p r o v i d e d   on  t h e   s k i d   or   s l e d  

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

i ng   and   p i p e   l a y i n g   o p e r a t i o n .   A  p l u r a l i t y   of  s u i t a b l y  

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

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

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

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

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

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

t h e   b a r g e ,   t h u s   p r o v i d i n g   a  v i s u a l   d e t e r m i n a t i o n   as   to   h o w  

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

r o l l e r   m e a n s .   T h i s   u n i q u e   f e a t u r e   may  be  c o n s i d e r e d   c r i t i c a l  

to  t h e   o p e r a t i o n   of   t h e   n o v e l   c o m b i n a t i o n   p i p e l i n e   l a y i n g  

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

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

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

in  o r d e r   to  p r e v e n t   d a m a g e   to  t h e   p i p e .   As  i s   w e l l   k n o w n ,  

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

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

' t o   t h e   p i p e .   Fo r   a  g i v e n   w a t e r   d e p t h ,   t h e   p i p e   c a t e n a r y  

p r o f i l e   i s   a  c o n s t a n t .   The  c a t e n a r y   of  t h e   tow  w i r e   f o r  

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

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

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

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

s t a n t i a l l y   i n s t a n t a n e o u s   i n d i c a t i o n   of  t h e   p low  p o s i t i o n  

r e l a t i v e   to  t he   p i p e ,   and  t h u s   f a c i l i t a t e s   i m m e d i a t e  

a d j u s t m e n t   of  t h e   tow  w i r e   l e n g t h ,   i f   r e q u i r e d ,   in   o r d e r  

to  p r e v e n t   p i p e   d a m a g e .   The  n o v e l   c o m b i n e d   p i p e   l a y i n g  a n d  

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

and  e c o n o m i c a l   and   d u r a b l e   in   c o n s t r u c t i o n .  



.  The  i n v e n t i o n   wi l l   now  be  de sc r i bed   f u r t h e r ,   by  way  of  example  

with  r e f e r e n c e   to  the  accompanying  drawings,   in  w h i c h : -  

FIGURE  1  i s   a  s i d e   e l e v a t i o n a l   v i e w   of  a  c o m b i n e d  

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

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

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

FIGURE  2  i s   a  b r o k e n   s i d e   e l e v a t i o n a l   v i e w   of  a  

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

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

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

FIGURE  3  i s   a  v i e w   t a k e n   on  l i n e   3-3  of  FIGURE  2 .  

FIGURE  4  i s   a  b r o k e n   s i d e   e l e v a t i o n a l   v i e w   of  a  

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

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

c a b l e   s h o o t   as  u s e d   in   t h e   i n v e n t i o n .  

FIGURE  5  i s ' a   s i d e   e l e v a t i o n a l   v i e w   of   a  m o d i f i e d  .  

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

FIGURE  6  i s   an  end  e l e v a t i o n a l   v i e w   of   t h e   p l o w  

s t r u c t u r e   shown  in  FIGURE  5 .  

FIGURE  7  i s   a  p l a n   v i e w   of  t h e   p low  s t r u c t u r e   s h o w n  

in  FIGURE  5 .  



R e f e r r i n g   to  t h e   d r a w i n g s   in  d e t a i l ,   r e f e r e n c e  

c h a r a c t e r   10  g e n e r a l l y   i n d i c a t e s   a  c o m b i n e d   t r e n c h i n g  

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

means   or  a s s e m b l y   12  h a v i n g   a  p a i r   of  s p a c e d   s u b s t a n t i a l l y  

m u t u a l l y   p a r a l l e l   r u n n e r s   14  and  16  a d a p t e d   f o r   d i s p o s i t i o n  

on  t h e   b o t t o m   of   a  body   of  w a t e r   d u r i n g   a  t r e n c h i n g   a n d  

p i p e   l a y i n g   o p e r a t i o n .   The  r u n n e r s   14  and  16  a r e   p r e f e r a b l y  

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

a t   18  in  FIGURE  1,  to  f a c i l i t a t e   t h e   m o v e m e n t   of   t h e   s k i d  

a s s e m b l y   12  o v e r   t h e   b o t t o m   of   t h e   body  of   w a t e r ,  a n d  

s u i t a b l e  . m e a n s   20  i s   p r o v i d e d   on  t h e   f o r w a r d   or  l e a d i n g   e n d s  

of  e a c h   r u n n e r   14  and  16  f o r   c o n n e c t i o n   w i t h   a  t o w i n g  

b a r g e   o r   v e s s e l   ( n o t   shown)   by  a  u s u a l   tow  r o p e   22,  a l l  

as  i s   w e l l   known  in  t h e   a r t .  

A  p l o w   a s s e m b l y   24  has   one   end  p i v o t a l l y   s e c u r e d   t o  

t h e   s k i d   a s s e m b l y   12  in   any  s u i t a b l e   m a n n e r ,   and  as  s h o w n  

a t   26  w h e r e b y   t h e   a s s e m b l y   24  may  be  s e l e c t i v e l y   m o v e d  

b e t w e e n   a  r a i s e d   p o s i t i o n   as  shown  in  FIGURE  1  and  a  

l o w e r e d   p o s i t i o n   as  shown  in  FIGURE  2.  In  t h e   r a i s e d  

p o s i t i o n   of  t h e   p low  a s s e m b l y   24,  t h e   a p p a r a t u s   10  may  b e  

t owed   a l o n g   or  o v e r   t h e   b o t t o m   of  t he   body  of  w a t e r   w i t h o u t  

d i s t u r b i n g   any  p r e v i o u s l y   l a i d   p i p e ,   or  t h e   l i k e ,   w h i c h   m a y  
be  p r e s e n t   in   t h e   a r e a   w h e r e i n   t h e   p i p e   l a y i n g   and  t r e n c h i n g  

o p e r a t i o n   is  o c c u r i n g .   In  t h e   l o w e r e d   p o s i t i o n   of  t h e   p l o w  

a s s e m b l y   24,  a  t r e n c h i n g   o p e r a t i o n   may  be  a c h i e v e d ,   as  w i l l  

be  h e r e i n a f t e r   s e t   f o r t h .   In  o r d e r   to  r a i s e   and  l o w e r   t h e  

p low  a s s e m b l y   24  or   p i v o t   t h e   a s s e m b l y   24  a b o u t   t h e   p i v o t  

c o n n e c t i o n   means   26,  i t   i s   p r e f e r a b l e   to  o p e r a b l y   s e c u r e  

s u i t a b l e   c y l i n d e r   and  r o d   means   28  b e t w e e n   t he   s k i d  

a s s e m b l y   12  and  t h e   p l o w   a s s e m b l y   24.  I t   w i l l   be  a p p a r e n t  
t h a t   e x t e n s i o n   of   t h e   r o d   and  c y l i n d e r   means   28  as  s h o w n  

in  FIGURE  1  w i l l   e l e v a t e   t h e   a s s e m b l y   24  w i t h   r e s p e c t   t o  

the   b o t t o m   of  t h e   s k i d   a s s e m b l y   12  and  c o n t r a c t i n g   of  t h e  

rod   and  c y l i n d e r   means   28  w i l l   l o w e r   t he   p low  a s s e m b l y   i n t o  

the   p l o w i n g   p o s i t i o n   t h e r e o f .  



I t   may  be  d e s i r a b l e   to  p r o v i d e   a  d e p t h   r e g u l a t i n g   p a d  

m e a n s   30  a t   t h e   t r a i l i n g   end  of  t h e   p l o w   a s s e m b l y   24,  a l -  

t h o u g h   many  i n s t a l l a t i o n s   w i l l   n o t   r e q u i r e   s u c h   an  e l e m e n t .  

The  d e p t h   r e g u l a t i n g   pad  m e a n s   may  have   one  end  p i v o t a l l y  

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

s u i t a b l e   m a n n e r ,   s u c h   as  shown  a t   32,  and  s u i t a b l e   c y l i n d e r  

and  rod   means   34  may  be  o p e r a b l y   c o n n e c t e d   b e t w e e n   p l o w  

a s s e m b l y   24  and  t h e   d e p t h   r e g u l a t i n g   pad  means   30  f o r  

p i v o t i n g   of   t h e   pad  means   a b o u t   t he   p i v o t   c o n n e c t i o n   3 2 .  

The  p l o w   a s s e m b l y   means   c o m p r i s e s   a  s u i t a b l e  s u p p o r t  

s t r u c t u r e   36  h a v i n g   a  p l u r a l i t y   of  p l o w s   38,  40  and  42  

m o u n t e d   on  t h e   l o w e r   or  u n d e r   s i d e   t h e r e o f   in  s p a c e d   i n -  

l i n e   r e l a t i o n s h i p .   W h e r e a s   t h r e e   of  t h e   p l o w s   a r e   s h o w n  

h e r e i n ,  i t   is   to  be  u n d e r s t o o d   t h a t   t h e r e   is   no  i n t e n t i o n   o f  

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

p l o w s   s i n c e   two  or  m o r e   p l o w s   have   b e e n   f o u n d   to  p r o v i d e  

e f f i c i e n t   t r e n c h i n g   r e s u l t s .   The  p l o w s   38,  40  and  42  a r e   o f  

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

o v e r a l l   d e p t h   s i z e .   The  l e a d i n g   p low  38  i s   of   an  o v e r a l l  

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

n e x t   s u c c e e d i n g   p low  40  i s   of   an  o v e r a l l   d e p t h   o r  

p e n e t r a t i o n   s i z e   s o m e w h a t   l a r g e r   t h a n   t h e   d e p t h   or  p e n e -  
t r a t i o n   s i z e   of   t h e   p l o w   38,  and   t he   n e x t   s u c c e e d i n g   p l o w  

42  i s   of  an  o v e r a l l   d e p t h   or   p e n e t r a t i n g   s i z e   s o m e w h a t  

l a r g e r   or  g r e a t e r   t h a n   t h e   d e p t h   or  p e n e t r a t i o n   s i z e   o f  

t h e   p low  40.  In  t h i s   m a n n e r ,   d u r i n g   a  p low  or  t r e n c h i n g  

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

p l o w   38,  and  d e e p e n e d   or  i n c r e a s e d   in  d e p t h   by  e a c h   o f  

t h e   s u c c e e d i n g   p l o w s   40  and  42  to  a c h i e v e   the   d e s i r e d  

end  d e p t h   f o r   t h e   t r e n c h .   I t   w i l l   be  a p p a r e n t   t h a t   t h e  

i n i t i a l   p e n e t r a t i o n   of   t h e   b o t t o m   of  t h e   body  of  w a t e r  

by  a  f i r s t   r e l a t i v e l y   s h a l l o w   p l o w ,   s u c h   as  t h e   p low  3 8 ,  

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

t r e n c h   by  t h e   p l o w s   40  and  42  c r e a t e s   c o n s i d e r a b l y   l e s s  

d r a g   on  t he   a p p a r a t u s   10  t h a n   t he   d i g g i n g   or  o p e n i n g   o f  

a  t r e n c h   a t   t h e   d e s i r e d   end  d e p t h   t h e r e o f   by  t h e   p e n e t r a t i o n  
of   t h e   b o t t o m   of   t h e   body   of  w a t e r   by  a  s i n g l e   p l o w .  



The  p l o w s   38,  40  and  42  p r e f e r a b l y   e a c h   c o m p r i s e   a  

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

4 4 ,  4 6   and  48,  r e s p e c t i v e l y   (FIGURE  3 ) .   E a c h   p a i r   o f  

p l a t e s   44,  46  and  48  i s   r i g i d l y   s e c u r e d   to  an  a r c u a t e  

b o t t o m   p l a t e   50,  52,  and  54,  r e s p e c t i v e l y ,   w h e r e b y   e a c h  

p low  38,  40  and  42  i s   of   a  s u b s t a n t i a l l y   s c o o p - s h a p e d  

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

o p e n   to  p e r f o r m   t h e   p l o w i n g   o p e r a t i o n .   The  a r c u a t e   b o t t o m  

p l a t e s   50,  52  and  54  f u n c t i o n   as  e l e v a t i n g   r a m p s   f o r   t h e  

r e s p e c t i v e   p l o w .   Of  c o u r s e ,   e a c h   p l o w   38,  40  and  42  i s   a l s o  

p r o v i d e d   w i t h   a  s h a r p   c u t t i n g   e d g e   means   or   e l e m e n t s   5 6 ,  

58  and  60,  r e s p e c t i v e l y ,   (FIGURE  2)  as  i s   w e l l   known ,   f o r  

f a c i l i t a t i n g   t h e ' p e n e t r a t i o n   of   t h e   s o i l   by  t h e   p l o w s   d u r i n g  

a  p l o w i n g   or  t r e n c h i n g   o p e r a t i o n ,   as  w i l l   be  h e r e i n a f t e r  

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

r i b   m e m b e r s   62,   64  and  66  a r e   r i g i d l y   s e c u r e d   to  t h e   o u t e r  

s u r f a c e   of  t h e   a r c u a t e   p l a t e   m e m b e r s   50,  52  and   54,  r e s -  

p e c t i v e l y .  

E a c h   a r c u a t e   p l a t e   m e a n s   or  e l e v a t i n g   ramp  50,  52  a n d  

54  t e r m i n a t e s   a t   t h e   u p p e r   end   t h e r e o f   in   c o m m u n i c a t i o n  

w i t h   a  V - s h a p e d   d i v e r t e r   p l a t e   means   68,  70  and  7 2 ,  

r e s p e c t i v e l y .   In  a d d i t i o n ,   s t e p   means   74,  76  and  78  i s  

p r o v i d e d   a t   t h e j u n c t u r e   of   e a c h   c u t t i n g   e l e m e n t   56,  58 

and  60  w i t h   i t s   r e s p e c t i v e   e l e v a t i n g   ramp  50,  52  a n d  

54.  The  s t e p   m e m b e r s   74,  76  and  78  p e r m i t   or   p r o v i d e  

f o r   t h e   i n j e c t i o n   of  l u b r i c a t i n g   w a t e r   b e t w e e n   t h e   c u t t i n g s  

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

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

t h e   c u t t i n g s   away  f r o m   t h e   b o t t o m   and  s i d e s   of   t he   t r e n c h .  

The  s t e p   m e m b e r s   f u r t h e r   f r a c t u r e   t h e   c u t t i n g s   w h i c h  

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

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

o v e r a l l   e f f i c i e n c y   t h e r e o f .   I t   may  be  d e s i r a b l e   to  p r o v i d e  

l u b r i c a t i o n   wate-=  j e t   n o z z l e   means   ( n o t   shown)   a t   t h e  

a p e x   of  e a c h   d i v e r t e r   p l a t e   means   68,  79  and  72,  and  a  j e t  



w a t e r   hose   80  may  be  s e c u r e d   to  t h e   p low  a s s e m b l y   24  i n  

o p e n   c o m m u n i c a t i o n   w i t h   t h e   j e t   n o z z l e s   f o r   s u p p l y i n g  

t h e   l u b r i c a t i o n   w a t e r   t h e r e t o ,   as  i s   w e l l   known.   I t   m a y  

a l s o   be  d e s i r a b l e   to  p r o v i d e   w a t e r   j e t   means   ( n o t   s h o w n )  

a t   e a c h   s t e p   74,  76  and  78  f o r   d i r e c t i n g   l u b r i c a t i o n  

w a t e r   t o  t h e   a s s o c i a t e d   e l e v a t i n g   ramp  d u r i n g   a  t r e n c h i n g  

o p e r a t i o n .  

The  t r a i l i n g   end  of  t h e   p low  a s s e m b l y   24  i s   p r o v i d e d  

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

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

arm  members   84  and  86  f o r m i n g   a  s u b s t a n t i a l l y   V - s h a p e d  

t r o u g h   87  t h e r e b e t w e e n   f o r   r e c e i v i n g   a  l e n g t h   of   p i p e   88 

to  be  l a y e d   or  d e p o s i t e d   in  t h e   t r e n c h   b e i n g   e x c a v a t e d   b y  

t h e   p l o w s   38,  40  and  42.  The  V - s h a p e d   t r o u g h   87  i s   o p e n  

to  a  h i a t u s   96  p r o v i d e d  b e t w e e n   a  p a i r   of   s p a c e d   u p r i g h t  

s e n s i n g   r o l l e r   means   92  and  94  and  d i r e c t s   t he   p i p e   88  i n t o  

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

o p e r a t i o n ,   as  w i l l   be  h e r e i n a f t e r   s e t   f o r t h .   The  s e n s i n g  

r o l l e r   means   92  and  94  a r e   s u i t a b l y   m o u n t e d   on  t h e   u p r i g h t  

s u p p o r t   means   82  and  a r e   o p e r a b l y   c o n n e c t e d   w i t h   s u i t a b l e  

l o a d   c e l l   m e a n s   g e n e r a l l y   i n d i c a t e d   a t   98.  At  l e a s t   o n e  

h o r i z o n t a l l y   e x t e n d i n g   s e n s i n g   r o l l e r   means   100  i s   p r o v i d e d  

on  t h e   u p r i g h t   s u p p o r t   a p p a r a t u s   82  and  d i s p o s e d   a t   t h e  

p r o x i m i t y   of  t h e   b o t t o m   of  t h e   h i a t u s   96  f o r  s e n s i n g  

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

A  s e c o n d   u p r i g h t   s u p p o r t   a s s e m b l y   102  is   s e c u r e d   o n  

t h e   p l o w   a s s e m b l y   24,  and  is   p r o v i d e d   w i t h   a t   l e a s t   o n e  

h o r i z o n t a l l y   e x t e n d i n g   s e n s i n g   r o l l e r   means   104  a d a p t e d  

to  r e c e i v e   t h e   p i p e 8 8   t h e r e a g a i n s t   p r i o r   to  t he   e n t r y   o f  

t h e   p i p e   i n t o   t h e   h i a t u s   96.  The  l o a d   c e l l s   a n d / o r   s e n s i n g  

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

known  g a u g i n g   e q u i p m e n t   or  a p p a r a t u s   ( n o t   shown)   p r o v i d e d  

on  t h e   t o w i n g   v e s s e l   or   b a r g e   ( n o t   s h o w n ) ,   and  a r e  

o p e r a b l e   by  t h e   e n g a g e m e n t   of   t he   p i p e   88  t h e r e w i t h   f o r  

t r a n s m i t t i n g   i n f o r m a t i o n   to  t h e   p e r s o n n e l   on  t h e   b a r g e  



r e l a t i n g   to   t h e   p o s i t i o n   of   t he   p i p e   d u r i n g   t h e   l a y i n g  

o p e r a t i o n ,   as  w i l l   be  h e r e i n a f t e r   s e t   f o r t h .  

R e f e r r i n g   now  to  FIGURE  4,  an  i n s t r u m e n t e d   c a b l e   g u i d e  

c h u t e   m e a n s   i s   g e n e r a l l y   i n d i c a t e d   a t   106  and  may  be  s e c u r e d  

to  t he   p l o w   a s s e m b l y   24  in   any  s u i t a b l e   m a n n e r   to  p r o v i d e  

a  c h u t e   f o r   r e c e i v i n g   t h e  c a b l e :   89  t h e r e t h r o u g h   or  t h e r e -  

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

106  is   p r e f e r a b l y   p r o v i d e d   w i t h   s u i t a b l e   s e n s i n g   r o l l e r s  

108  and  110  a t   t h e   o p p o s i t e   e n d s   t h e r e o f   w h i c h   a r e  

" i n s t r u m e n t e d "   in   any  w e l l   known  m a n n e r   f o r   " t e l l i n g "   o r  

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

of  w a t e r   or   to  t h e   g a u g i n g   i n s t r u m e n t a t i o n   p r o v i d e d   o n  

t h e   l a y   b a r g e .   The  l o a d   of  t h e   cable   89  on  t h e   c h u t e   m e a n s  

106  may  be  t r a n s m i t t e d   f o r   v i s u a l   i n t e r p r e t a t i o n   by  t h e  

p e r s o n n e l   on  b o a r d   t h e   l a y   v e s s e l   in   o r d e r   to  a s c e r t a i n  

t h e   p r o g r e s s   of   t he   cab le   l a y i n g   o p e r a t i o n .  

In  u s e ,   t h e   a p p a r a t u s   10  i n i t i a l l y   o p e n s   a  t r e n c h  

on  t he   f l o o r   o r   b o t t o m   of   a  body   o f   w a t e r   and  l a y s   t h e  

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

c o n t i n u e d   d r e d g i n g   of  t h e   t r e n c h   a h e a d   of  t h e   p i p e   b e i n g  

l a i d   t h e r e i n .   The  s k i d   m e a n s   12  may  be  p u l l e d   o v e r   t h e  

b o t t o m   or   f l o o r   of  t h e   body   of   w a t e r   by  t h e   tow  r o p e   22  

s e c u r e d   b e t w e e n   t h e   l a y   b a r g e   or  v e s s e l   and  t h e   s k i d   m e a n s  

12,  as  i s   w e l l   k n o w n .   The  c y l i n d e r   and  r o d   m e a n s   28  m a y  

be  a c t u a t e d   in   any  s u i t a b l e   o r   w e l l   known  m a n n e r   f o r  

c o n t r a c t i n g   of  t h e   r o d   w h e r e b y   t he   p l o w   a s s e m b l y   24  i s  

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

t h e   f l o o r   or   b o t t o m   of   t h e   body   of  w a t e r .   The  p r o g r e s s i v e  

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

m o u n t e d   p l o w s   38,  40  and  42  g r e a t l y   f a c i l i t a t e s   t he   o p e n i n g  

of  a  t r e n c h ,   i t   b e i n g   a p p a r e n t   t h a t   t h e   i n i t i a l   o p e n i n g  

of  t h e   t r e n c h   i s   a c c o m p l i s h e d   by  t h e   l e a d i n g   p l o w   38,  a n d  

t h e   d e p t h   of  t h e   o p e n e d   t r e n c h   is   i n c r e a s e d   by  t h e   s u c c e s s i v e  

e n g a g e m e n t   t h e r e o f   by  t h e   p l o w s   40  and  42.  The  e l e v a t i n g  

r a m p s   50,  52  and  54  d i r e c t   t h e   c u t t i n g s   u p w a r d l y   f r o m   t h e  



b o t t o m   and  s i d e s   of  t h e   t r e n c h   and  i n t o   c o n t a c t   w i t h  

t h e   r e s p e c t i v e   d i v e r t e r s   68,  70  and  72.  The  d i v e r t e r s  

d i r e c t   t he   c u t t i n g s   in   a  d i r e c t i o n   to  t h e   s i d e s   of  o r  

away  f rom  t h e   open   t r e n c h .   In  a d d i t i o n ,   t h e   s t e p s  7 4 ,  

76  and  78  f r a c t u r e   t h e   c u t t i n g s ,   t h u s   f a c i l i t a t i n g   t h e  

d i s p e r s i n g   t h e r e o f   by  t h e   d i v e r t e r   p l a t e s .   B l a d e  

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

i m m e d i a t e l y   or   d i r e c t l y   b e h i n d   t h e   c u t t i n g   e l e m e n t s   5 6 ,  

58  and  60,  w h i c h   r e d u c e s   t he   f r i c t i o n   b e t w e e n   t h e   c u t t i n g s  

and  t h e   e l e v a t i n g   r a m p s .   I t   w i l l   be  a p p a r e n t   t h a t   t h i s  

m e t h o d   and  means   f o r   t h e   d r e d g i n g   or  o p e n i n g   of   an  u n d e r  

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

m o v i n g   the   a p p a r a t u s   10  t h r o u g h   t he   w a t e r   d u r i n g   t h e  

t r e n c h i n g   o p e r a t i o n .  

The  p i p e   88  is   c a r r i e d   by  t h e   p l o w   a s s e m b l y   24  a n d  

is   d i r e c t e d   above  t h e   s e n s i n g   r o l l e r   means   104  and  t h r o u g h  

t h e  h i a t u s   96  f o r   e n g a g e m e n t   w i t h   t h e   open   t r e n c h   s u b -  

s t a n t i a l l y   i m m e d i a t e l y   b e h i n d   t h e   a p p a r a t u s   10.  As  t h e  

a p p a r a t u s   10  i s   moved  o v e r   t h e   f l o o r   of   t h e   body   of  w a t e r  

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

38,  40  and  42,  and  t he   p i p e   88  i s   d e p o s i t e d   w i t h i n   t h e  

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

m o v i n g   a p p a r a t u s   1 0 .  

I t   may  be  d e s i r a b l e   to  u t i l i z e   t h e   d e p t h   r e g u l a t i n g  

pad  means   30  d u r i n g   t h e   t r e n c h i n g   o p e r a t i o n .   I f   so ,   t h e  

pad  means   may  be  f o r c e d   d o w n w a r d l y   a g a i n s t   t he   b o t t o m  

of  t h e   t r e n c h ,   t h u s   l i m i t i n g   or  d e t e r m i n i n g   t he   p o s i t i o n  

of  t h e   t r a i l i n g   p low  42  and  c o n t r o l l i n g   t h e   u l t i m a t e   d e p t h  
of  t h e   t r e n c h .   In  many  i n s t a n c e s ,   h o w e v e r ,   i t   i s   f o u n d   t h a t  

t h i s   f e a t u r e   i s   n o t   r e q u i r e d .  

In  t h e   e v e n t   t he   a p p a r a t u s   10  a p p r o a c h e s   an  a r e a   o f  

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

p i p e ,   c a b l e ,   or  t he   l i k e   is   p r e s e n t ,   and  i t   is   n o t   d e s i r a b l e  

to  d i s t u r b   s ame ,   t he   rod   and  c y l i n d e r   means   28  may  b e  

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



a s s e m b l y   24  a b o u t   t h e   p i v o t   26  f o r   e l e v a t i n g   t h e   p l o w s   2 8 ,  

40  a n d  4 2   to   a  p o s i t i o n   a b o v e   t h e   b o t t o m   or   f l o o r   of   t h e  

body   of  w a t e r .   The  a p p a r a t u s   10  may  t h e n   be  t o w e d   or   m o v e d  

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

t h e   p l o w s ,   t h u s   a v o i d i n g   any   d a m a g e   to  p r e - e x i s t i n g   b u r i e d  

(or   u n b u r i e d )   e q u i p m e n t .  

The  s e n s i n g   r o l l e r   m e a n s   u t i l i z e d   in   t h e   a p p a r a t u s   o f  

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

r u b b e r ,   or  t h e   l i k e ,   f o r   p r e c l u d i n g   d a m a g e   to  t h e   o u t e r  

p e r i p h e r y   of   t h e   p i p e   88  in   t h e   e v e n t   t h e   p i p e   comes   i n t o  

e n g a g e m e n t - t h e r e w i t h .   The  u p r i g h t   s e n s i n g   r o l l e r s   92  a n d  

94  a r e   a c t i v a t e d   when  e n g a g e d   by  t he   p i p e ,   t h u s   p r o v i d i n g  

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

as  to   t h e   p o s i t i o n   of  t h e   p i p e ,   and  p e r m i t t i n g   p r o p e r  
a c t i o n   to  be  t a k e n   f o r   c o r r e c t i o n   of  t h e   p i p e   p o s i t i o n .  

S i m i l a r l y ,   i n   t h e   e v e n t   t h e   l o a d   on  any  of   t h e   s e n s i n g  

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

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

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

t h e   u n d e r w a t e r   p o r t i o n   of   t h e   p i p e ,   and  t h e   c o n d i t i o n  

may  be  p r o m p t l y   c o r r e c t e d   in   t h e   u s u a l   or   w e l l   k n o w n  

m a n n e r .   The  V - s h a p e d   c o n f i g u r a t i o n   of  t h e   t r o u g h   87  

f a c i l i t a t e s   t h e   p o s i t i o n i n g   o f   t h e  p i p e   88  w i t h i n   t h e  

h i a t u s   96,  and  s i n c e   t h i s   i s   f r e q u e n t l y   a c c o m p l i s h e d   w h e n  

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

f e a t u r e   b e c o m e s   of  v a l u e .  

The  s i g n a l l i n g   f e a t u r e   of   t h e   a p p a r a t u s   10  w h e r e i n  

t h e   u n d e r   w a t e r   o r i e n t a t i o n   of   t h e   p i p e   may  be  d e t e c t e d  

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

o p e r a t i o n   of  t h e   a p p a r a t u s   10  s i n c e   t h e   c a t e n a r y   c u r v e   o f  

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

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

t h e   s e n s i n g   c e l l s   r e a d i l y   d e t e r m i n e s   w h e t h e r   or   n o t   t h e  

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

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



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

o p e r a t i o n .  

As  w i l l   be  s e e n   in   FIGURE  3,  t h e   s e n s i n g   means   98 

i n c l u d e s   an  u p p e r   s e n s i n g   r o l l e r   97  w h i c h   n o r m a l l y   h o r i -  

z o n t a l l y   d i s p o s e d   a c r o s s   t h e   u p p e r   en4-  of  t he   h i a t u s   9 6 .  

The  r o l l e r   97  i s   p r e f e r a b l y   p i v o t a l   a b o u t   one  end  t h e r e o f  

w h e r e b y   the   r o l l e r   may  be  moved  t o w a r d   a  s u b s t a n t i a l l y  

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

96  when  t h e   p i p e   88  i s   i n i t i a l l y   i n s t a l l e d   or  a d m i t t e d  

i n t o   t h e   h i a t u s .   The  r o l l e r   97  may  be  p i v o t e d   a b o u t   t h e  

one  end  t h e r e o f   in   any  s u i t a b l e   m a n n e r ,   s u c h   as  by  a  

f l u i d   c y l i n d e r   m e a n s   99,  and  may  be  r e t u r n e d   to   t h e  

n o r m a l   h o r i z o n t a l   p o s i t i o n   t h e r e f o r   when  t h e   p i p e   88  h a s  

b e e n   i n s e r t e d   i n t o   t h e   h i a t u s   96.  The  s e n s i n g   r o l l e r s   97 

and 100  provide  a  s i g n a l   at  the  s u r f a c e   or  remote  from  the  p i p e  

l a y i n g   a p p a r a t u s   when  t h e   o r i e n t a t i o n   of  t h e   p i p e   i s  

e x c e s s i v e l y ' h i g h   or  low  wi th in   t h e - h i a t u s   96,  thus  p e r m i t t i n g  

t h e   o p e r a t i n g   p e r s o n n e l   to  a d j u s t   t h e   p o s i t i o n   of  t h e  

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

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

t h e   h i a t u s .   The  p i p e   88  e x t e n d i n g   t h r o u g h   t h e   h i a t u s  

96  in   t h e   n a t u r a l   c a t e n a r y   a n g l e   t h e r e f o r   is   l a i d   i n t o  

t h e   d i t c h   or  t r e n c h   o p e n e d   by  t he   p low  a p p a r a t u s ,   a n d  

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

d u r i n g   t h e   p i p e   l a y i n g   o p e r a t i o n .  

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

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

to  t h e   p l o w i n g   o p e r a t i o n   in  d i f f e r e n t   or  u n i q u e   ways   a n d  

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

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

e n v i r o n m e n t s .   Some  m a r i n e   s o i l s   r e s i s t   an  " u p r i g h t "  

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

and  may  f a l l   i n t o   t h e   d i t c h   or   t e n d   to  r e c l o s e   t h e   d i t c h .  

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

FIGURES  5,  6  and  7  may  be  u t i l i z e d   in   l i e u   of  t h e   p l o w  



c o n f i g u r a t i o n   shown  in  FIGURES  1  t h r o u g h   4.  R e f e r e n c e  

c h a r a c t e r   130  g e n e r a l l y   i n d i c a t e s   a  m o d i f i e d   p l o w  

s t r u c t u r e   c o m p r i s i n g   p low  s h a r e s   132,   134  and  136  w h i c h  

a r e   s u b s t a n t i a l l y   i d e n t i c a l   to   t h e   p low  s h a r e s   38,  40  

and  42,  r e s p e c t i v e l y ,   as  h e r e i n b e f o r e   s e t   f o r t h   a n d  

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

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

The  o p p o s i t e   s i d e s   of  e a c h   p low  s h a r e   132 ,   134  a n d  

136,   h o w e v e r ,   a r e   e n c l o s e d   by  s i d e w a l l s   w h i c h   e x t e n d  

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

l e n g t h   o f  t h e   s k i d   12  and  r i d e   a l o n g   t h e   s i d e s   of  t h e  

t r e n c h   or  d i t c h   as  i t   i s   o p e n e d   by  t h e   p l o w s .   As  s h o w n  

h e r e i n ,   a  p a i r   of  s p a c e d   e l o n g a t e d   p l a t e s   138  and  1 4 0  

e x t e n d   d o w n w a r d l y   f r o m  t h e   s k i d   a s s e m b l y   12  s u b s t a n t i a l l y  

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

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

o t h e r .   The  p l a t e s   138  and  140  form  s i d e w a l l s   f o r   t h e  

l e a d i n g   p low  s h a r e   132  and  as  t he   p low  132  i n i t i a l l y  

o p e n s   t he   t r e n c h   t h e   w a l l s   138  and  140  s l i d e   or  g l i d e  

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

p low  134  f o r   s u b s t a n t i a l l y   p r e c l u d i n g   c o l l a p s i n g   of  t h e  

d i t c h   as  t he   t r e n c h   i s   o p e n e d .   A  s e c o n d   p a i r   of   s p a c e d  

e l o n g a t e d   p l a t e s   142  and  144  may  be  s u i t a b l y   s e c u r e d  

a l o n g   t h e   l o w e r   edge   of  t h e   p l a t e s   138  and  140,   r e s p e c t -  

i v e l y ,   and  f o r m   s i d e w a l l s   f o r   t h e   p low  s h a r e   m e a n s   1 3 4  

and  e x t e n d   r e a r w a r d l y   t h e r e f r o m   to  p e r f o r m   s u b s t a n t i a l l y  

t h e   same  f u n c t i o n   as  t h e   p l a t e s   138  and  140.   I t   may  a l s o  

be  p r e f e r a b l e   t h a t   t h e   p l a t e s   142  and  144  be  i n w a r d l y  

and  d o w n w a r d l y   d i v e r g i n g   w i t h   r e s p e c t   to  one  a n o t h e r .  

A n o t h e r   p a i r   of   s p a c e d   e l o n g a t e d   p l a t e s   146  and  148  may  
be  s u i t a b l e   s e c u r e d   a l o n g   t h e   l o w e r   edge   of  t h e   p l a t e s  

142  and  144,   r e s p e c t i v e l y ,   and  fo rm  s i d e w a l l s   f o r   t he   p l o w  

s h a r e   means   136  and  e x t e n d   r e a r w a r d l y   t h e r e f r o m   f o r  

s u b s t a n t i a l l y   t h e   same  p u r p o s e   as  the   p l a t e s   138  and  1 4 0 ,  

and  t h e   p l a t e s   142  and  144 .   Here   a g a i n ,   i t   may  b e '  

p r e f e r a b l e   t h a t   t he   p l a t e s   146  and  148  be  i n w a r d l y   a n d  



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

In  a d d i t i o n ,   in  o r d e r   to   f a c i l i t a t e   t he   s t a b i l i z a t i o n  

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

t h e   d i t c h i n g   or   t r e n c h i n g   o p e r a t i o n   i t   may  be  d e s i r a b l e  

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

150  and  152  f o r   t he   a p p a r a t u s   130  a d a p t e d   to  g l i d e   o r  

r i d e   a l o n g   t h e   b o t t o m   of   t h e   body   of  w a t e r   and  a t   t h e  

s i d e s   of  the   o p e n e d   t r e n c h .   The  f l a n g e s   150  and  1 5 2  

may  be  in  t h e   f o rm  of  e l o n g a t e d   s u b s t a n t i a l l y   h o r i z o n t a l l y  

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

138  and  140  and  a t   t h e   u p p e r   e d g e s   t h e r e o f   w h e r e b y   t h e  

p l a t e s   150  and  152  w i l l   be  d i s p o s e d   a g a i n s t   t h e   h o r i z o n t a l  

s u r f a c e s   a t   t h e   u p p e r   end  or  e d g e   of  t h e   o p e n e d   t r e n c h .  

I t   w i l l   be  a p p a r e n t   t h a t   t h e   a p p a r a t u s   130  p r o v i d e s  

w a l l   means   a d a p t e d   to  s l i d e   a l o n g   the   d o w n w a r d l y   e x t e n d i n g  

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

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

a d a p t e d   to  move  or   s l i d e   o v e r   t he   b o t t o m   s u r f a c e   o f  

t h e   w a t e r   i m m e d i a t e l y   a d j a c e n t  t h e   s i d e   e d g e s   of   t h e  

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

in  r e l a t i v e l y   u n s t a b l e   s o i l   or   t he   l i k e   w h i c h   r e s i s t s  

s t a b i l i z a t i o n   of   t h e   s i d e s   of   t he   o p e n e d   t r e n c h .  

From  t he   f o r e g o i n g   i t   w i l l   be  a p p a r e n t   t h a t   t h e  

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

i s   a c h i e v e d   by  a  p l u r a l i t y   of   p r o g r e s s i v e   d e p t h   p l o w  

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

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

b e i n g   l a i d   in  t h e   t r e n c h   w h e r e b y   a  c o n t r o l   of  t h e   c a t e n a r y  

c u r v e   of  the   p i p e   may  be  m a i n t a i n e d   d u r i n g   the   p i p e   l a y i n g  

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

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



1.  A  t r e n c h i n g   and  pipe  l a y i n g   a p p a r a t u s   (10,  130)  c o m p r i s i n g  

a  p lowing  device  (24)  hav ing   a  t r a i l i n g   and  a  l e a d i n g   e n d ,  

c h a r a c t e r i z e d   in  t h a t   at  l e a s t   two  plows  (38,  40,  42  or  132,  134,  136)  

are  p r o v i d e d   on  the  p lowing   device  (24)  for  the  i n i t i a l   opening   a n d  

subsequen t   deepen ing   of  a  t r e n c h   and  pipe  l a y i n g   a p p a r a t u s   ( 8 2 )  

c a r r i e d   on  the  plowing  dev ice   a d a p t e d   to  d e p o s i t   the  pipe  (88)  in  t h e  

opened  t r ench   s u b s t a n t i a l l y   behind  the  hindmost   plow  (42  or  136) 

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

2.  A  t r e n c h i n g   and  pipe  l a y i n g   a p p a r a t u s   a c c o r d i n g   to  claim  1 ,  

c h a r a c t e r i z e d   in  t h a t   two  plows  (38,  40,  42,  or  132,  134,  136)  

comprise   a  l e a d i n g   plow  (38  or  132)  having   c u t t i n g   means  for   i n i t i a l l y  

opening  of  the  t r e n c h   and  a t   l e a s t   one  t r a i l i n g   plow  (40,  42  or  134,  

136)  of  a  p r o g r e s s i v e l y   g r e a t e r   d e p t h   than  the  l e a d i n g   plow  (38  or  132)  

for  deepen ing   of  the  i n i t i a l l y   opened  t r e n c h .  

3.  A  t r e n c h i n g   and  pipe  l a y i n g   a p p a r a t u s   a c c o r d i n g   to  claim  1 ,  

c h a r a c t e r i z e d   in  t h a t   a  s e n s i n g   device   (104)  is  c a r r i e d   by  the  p l o w i n g  

device  (24)  and  r e s p o n s i v e   to  the  p h y s i c a l   o r i e n t a t i o n   of  the  p i p e  

(88)  dur ing   a  pipe  l a y i n g   o p e r a t i o n   whereby  a  v i s u a l   i n d i c a t i o n   of  t h e  

p o s i t i o n   of  the  pipe  is  p r o v i d e d   for   a f f o r d i n g   a  c o n t r o l   t h e r e o f   t o  

reduce  damage  to  the  pipe  dur ing   the  pipe  l a y i n g   o p e r a t i o n .  

4.  A  t r e n c h i n g   and  pipe  l a y i n g   a p p a r a t u s   a c c o r d i n g   to  claim  3,  

c h a r a c t e r i z e d   in  t h a t   the  s e n s i n g   device   (104)  i n c l u d e s   s e n s i n g  

r o l l e r   (100)  r e s p o n s i v e   to  engagement  t h e r e o f   by  the  pipe  (88)  d u r i n g  

the  pipe  l ay ing   o p e r a t i o n   to  p rov ide   the  i n d i c a t i o n   of  the  p o s i t i o n  

of  the  p i p e .  

5.  A  t r e n c h i n g   and  pipe  l a y i n g   a p p a r a t u s   a c c o r d i n g   to  claim  1 ,  

c h a r a c t e r i z e d   in  t h a t   a  sk id   assembly  (12)  s u p p o r t s   the  p l o w i n g  

device  (24)  and  pipe  l a y i n g   a p p a r a t u s   (82)  dur ing   t r a v e l   t h e r e o f  

over  a  su r f ace   where in   the  t r ench   is  to  be  d r e d g e d .  

6.  A  t r e n c h i n g   and  pipe  l a y i n g   a p p a r a t u s   a c c o r d i n g   to  claim  5 ,  

c h a r a c t e r i z e d   in  t h a t   a  p ivo t   c o n n e c t i o n   (26)  s ecu res   the  p l o w i n g  

device  (24)  to  the  skid  assembly  (12) ,   a  device  c o - o p e r a t i n g   be tween  

the  sk id   assembly  (12)  and  plowing  device   (24)  p i v o t s   the  plow  a b o u t  



the  p ivo t   to  p rov ide   a l t e r n a t e   lowered  and  r a i s e d   p o s i t i o n s   for  t h e  

p lowing  d e v i c e .  

7.  A  t r e n c h i n g   and  pipe  l a y i n g   a p p a r a t u s   a c c o r d i n g   to  claim  1,  

c h a r a c t e r i z e d   in  t h a t   each  plow  (38,  40,  42)  comprises   a  p a i r   o f  

s p a c e d  m u t u a l l y   p a r a l l e l   side  p l a t e s   (44,  46,  48),  an  a r c u a t e   p l a t e  

(50,  52,  54)  s ecu red   between  the  s ide   p l a t e s   (44,  46,  48)  p r o v i d i n g  

an  e l e v a t i n g   ramp  for  each  plow  for  f a c i l i t a t i n g   e l e v a t i o n   o f  

c u t t i n g s   from  the  bottom  of  the  t r e n c h   dur ing  the  t r e n c h i n g   o p e r a t i o n .  

8.  A  t r e n c h i n g   and  pipe  l a y i n g   a p p a r a t u s   a c c o r d i n g   to .  c la im  7 ,  

c h a r a c t e r i z e d   in  t ha t   each  plow  (38,  40,  42)  is  p rov ided   with  a  

c u t t i n g   element  (56,  58,  60)  at  the  l e a d i n g   edge  (18)  of  t h e  

e l e v a t i n g   ramp  for   c u t t i n g   the  t r e n c h   and  d i r e c t i n g   the  c u t t i n g s  

on  to  the  e l e v a t i n g   ramp  for  e l e v a t i o n   away  from  the  bottom  of  t h e  

t r e n c h .  

9.  A  t r e n c h i n g   and  pipe  l a y i n g   appa ra tu s   a c c o r d i n g   to  claim  8 ,  

c h a r a c t e r i z e d   in  t h a t   a  s tep  member  (74,  76,  78)  is  p r o v i d e d   at  t h e  

j u n c t u r e   between  each  c u t t i n g   means  and  i t s   r e s p e c t i v e   e l e v a t i n g  

ramp  for   f r a c t u r i n g   of  the  c u t t i n g s   to  reduce  f r i c t i o n   dur ing   t h e  

t r e n c h i n g   o p e r a t i o n .  

1 0 .  A   t r e n c h i n g   and  pipe  l a y i n g   appa ra tu s   a c c o r d i n g   to  claim  8 ,  

c h a r a c t e r i z e d   in  t ha t   a  d i v e r t e r   p l a t e   (68,  70,  72)  in  c o m m u n i c a t i o n  

with  the  e l e v a t i n g   ramp  (50,  52,  54)  of  each  plow  (38,  40,  42)  f o r  

d i v e r t i n g   the  c u t t i n g s   away  from  the  open  upper  end  of  the  t r e n c h  

dur ing   the  t r e n c h i n g   o p e r a t i o n .  

11.  A  t r e n c h i n g   and  pipe  l a y i n g   appa ra tu s   a c c o r d i n g   to  claim  1 ,  

c h a r a c t e r i z e d   in  t ha t   a  depth  c o n t r o l   pad  (30)  secured   to  the  t r a i l i n g  

end  (32)  of  the  plowing  device  (24)  for  c o n t r o l l i n g   the  u l t i m a t e  

depth  of  the  t r e n c h .  

12.  A  t r e n c h i n g   and  pipe  l a y i n g   appa ra tu s   a c c o r d i n g   to  claim  1 ,  

c h a r a c t e r i z e d   in  t ha t   the  plowing  device  (24)  comprises   a  f i r s t   p low 

(38  or  132)  of  a  s e l e c t e d   depth  for  the  i n i t i a l   opening  of  t h e  

t r e n c h   and  a  second  plow  (40  or  134)  d i sposed   in  s u b s t a n t i a l   a x i a l  

a l ignmen t   w i t h  t h e   f i r s t   plow  and  of  a  p r o g r e s s i v e l y   g r e a t e r   d e p t h  

than  the  f i r s t   plow  for  i n c r e a s i n g   the  depth  of  the  t r e n c h .  



13.  A  t r e n c h i n g   and  pipe  l a y i n g   a p p a r a t u s   a c c o r d i n g   to  claim  1 ,  

c h a r a c t e r i z e d   in  t ha t   i t   i n c l u d e s   a  pipe  r e c e i v i n g   device  ( 8 7 )  

p r o v i d e d   on  the  plowing  device   (24)  for   gu id ing   of  the  pipe  ( 88 )  

in to   the  optimum  p o s i t i o n   in  the  a p p a r a t u s   for  l a y i n g   the  pipe  i n  

opened  t r ench   behind  the  t r a i l i n g   end  of  the  p low.  

14.  A  t r e n c h i n g   and  pipe  l a y i n g   a p p a r a t u s   a c c o r d i n g   to  claim  13,  

c h a r a c t e r i z e d   in  tha t   the  pipe  r e c e i v i n g   device  comprises   V - s h a p e d  

t rough   (87)  in  open  communicat ion  wi th   a  pipe  r e c e i v i n g   h i a t u s   ( 96 )  

for  f a c i l i t a t i n g   the  p o s i t i o n i n g   of  the  pipe  in  the  h i a t u s .  

15.  A  t r e n c h i n g   and  pipe  l a y i n g   a p p a r a t u s   a c c o r d i n g   to  claim  14,  

c h a r a c t e r i s e d   in  t ha t   i t   i n c l u d e s   s e n s i n g   r o l l e r s   (92,  94)  p r o v i d e d  
at  the  s ides   of  the  h i a t u s   (96)  and  r e s p o n s i v e   to  the  l a t e r a l  

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

o rder   tha t   the  p o s i t i o n   of  the  pipe  may  be  m a i n t a i n e d   at  the  optimum 

o r i e n t a t i o n   t h e r e o f   dur ing   a  pipe  l a y i n g   o p e r a t i o n .  

16.  A  t r e n c h i n g   and  pipe  l a y i n g   a p p a r a t u s   a c c o r d i n g   to  claim  14 ,  

c h a r a c t e r i z e d   in  t h a t   i t   i n c l u d e s   a  s e n s i n g   r o l l e r   (97,  100)  p r o v i d e d  

at  the  upper  and  lower  ends  of  the  h i a t u s   (96)  and  r e sponse   to  t h e  

v e r t i c a l   p o s i t i o n   of  the  pipe  for  p r o v i d i n g   a  v i s u a l   i n d i c a t i o n  

t h e r e o f   in  order   t h a t   the  p o s i t i o n   of  the  pipe  may  be  m a i n t a i n e d   a t  

the  optimum  o r i e n t a t i o n   t h e r e o f   du r ing   a  pipe  l a y i n g   o p e r a t i o n .  

17.  A  t r e n c h i n g   and  pipe  l a y i n g   a p p a r a t u s   a c c o r d i n g   to  claim  1 ,  

c h a r a c t e r i z e d   in  t h a t   i t   i n c l u d e s   s i d e w a l l s   (44,  46,  48)  p r o v i d e d   on  

the  o p p o s i t e   s ides   of  each  plow  (38,  40,  42),  the  s i d e w a l l s   e x t e n d i n g  

a long  the  side  of  the  r e s p e c t i v e   plow  and  r e a r w a r d l y   t h e r e f r o m   f o r  

s l i d i n g   engagement  with  the  s i d e w a l l s   of  the  t r e n c h   opened  by  t h e  

r e s p e c t i v e   plow  for  f a c i l i t a t i n g   the  t r e n c h i n g   o p e r a t i o n .  

18.  A  t r e n c h i n g   and  pipe  l a y i n g   a p p a r a t u s   a c c o r d i n g   to  claim  1,  

c h a r a c t e r i z e d   in  tha t   i t   i n c l u d e s   o p p o s i t e l y   d i sposed   s u b s t a n t i a l l y  

h o r i z o n t a l l y   e x t e n d i n g   she lves   (150,  152)  p rov ided   on  the  pipe  l a y i n g  

a p p a r a t u s   for  s l i d i n g   engagement  with  the  upper  s u r f a c e   i m m e d i a t e l y  

a d j a c e n t   the  upper  edges  of  the  opened  t r ench   dur ing   the  t r e n c h i n g  

o p e r a t i o n .  

19.  A  t r e n c h i n g   and  pipe  l a y i n g   a p p a r a t u s   a c c o r d i n g   to  claim  1 ,  

c h a r a c t e r i z e d   in  tha t   each  plow  compr ises   a  pa i r   of  spaced  m u t u a l l y  



p a r a l l e l   side  p l a t e s   (44,  46,  48),  an  a r c u a t e   p l a t e   (50 ,52 ,   54) 

secured   between  the  side  p l a t e s   p r o v i d i n g   an  e l e v a t i n g   ramp  f o r  

each  plow  for  f a c i l i t a t i n g   e l e v a t i o n   of  c u t t i n g s   from  the  bottom  o f  

the  t r ench   dur ing   the  t r e n c h i n g   o p e r a t i o n ,   each  plow  being  p r o v i d e d  

with  a  c u t t i n g   element  (56,  58,  60)  at  the  l e a d i n g   edge  of  t h e  

e l e v a t i n g   ramp  for  c u t t i n g   the  t r ench   and  d i r e c t i n g   the  c u t t i n g s   on 

to  the  e l e v a t i n g   ramp  for  e l e v a t i o n   away  from  the  bottom  of  t h e  

t r e n c h ,   s tep  members  (74,  76,  78)  p rov ided   at  the  j u n c t u r e   b e t w e e n  

each  c u t t i n g   element  and  i t s   r e s p e c t i v e   e l e v a t i n g   ramp  for   f r a c t u r i n g  

of  the  c u t t i n g s   to  reduce  f r i c t i o n   dur ing   the  t r e n c h i n g   o p e r a t i o n ,  

and  a  j e t   (80)  p rov ided   in  the  p r o x i m i t y   of  each  s tep  member  f o r  

f a c i l i t a t i o n   the  t r e n c h i n g   o p e r a t i o n .  

20.  A  t r e n c h i n g   and  pipe  l a y i n g   appa ra tu s   a c c o r d i n g   to  claim  19,  

c h a r a c t e r i z e d   in  tha t   each  plow  comprises   d i v e r t e r   p l a t e s   (68,  70,  

72)  in  communicat ion  with  the  e l e v a t i n g   ramp  (50,  52,  54)  of  e a c h  

plow  for  d i v e r t i n g   the  c u t t i n g s   away  from  the  open  upper  end  of  t h e  

t r e n c h   dur ing  the  t r e n c h i n g   o p e r a t i o n ,   the  je t   (80)  being  p r o v i d e d  

the  p r o x i m i t y   of  the  d i v e r t e r   p l a t e s   for  f a c i l i t a t i n g   the  t r e n c h i n g  

o p e r a t i o n .  
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