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©  A  long,  lead-sheathed  submarine  power  cable,  and  a  process  for  producing  the  same. 

©  A  long,  lead-sheathed,  submarine  power  cable  is  made 
up  of  a  number  of  cable  units  joined  by  the  TIG  welding 
process  in  an  atmosphere  of  an  inert  gas.  The  cable  units  are 
supported  in  a  horizontal  position,  and  the  lead  sheathes  (14) 
of  adjoining  cables  are  welded  circumferentially  (38).  Weld- 
ing  is  effected  in  a  direction  from  the  bottom  towards  the  top 
of  the  sheath  as  viewed  in  cross-section.  The  welding 
operation  is  facilitated  by  the  combined  use  of  a  robot  (31) 
and  the  TIG  welding  process. 
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T h i s   i n v e n t i o n   c o n c e r n s   a  l o n g ,   l e a d - s h e a t h e d ,  

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

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

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

As  shown  in  F i g .   2  in  c r o s s - s e c t i o n ,   an  o i l -  

f i l l e d   s u b m a r i n e   p o w e r   c a b l e   i s   made  up,  c o n c e n t r i c a l l y  

f r o m   t h e   i n s i d e   t o   t h e   o u t s i d e ,   of  an  o i l   p a s s a g e   1 1 ,  

a  l a y e r   of  c o n d u c t i v e   w i r e s   12,  a  l a y e r   of  o i l -  

i m p r e g n a t e d   i n s u l a t i n g   p a p e r   13,  a  l e a d - s h e a t h   1 4 ,  

b e d d i n g   15,  a  l a y e r   of  w i n d i n g   i r o n   w i r e s   16  and  a 

p r o t e c t i v e   l a y e r   1 7 .  

C a b l e   u n i t s   or  l e n g t h s   h a v i n g   s u c h   a  s t r u c t u r e  

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

a  g i v e n   or  r e q u i r e d   l e n g t h ,   in  a  f a c t o r y   b e f o r e  

s h i p m e n t .   H o w e v e r ,   t h e   t r o u b l e   was  t h a t   t h e   j o i n i n g  

of  c a b l e   u n i t s   had  t o   be  e f f e c t e d   e n t i r e l y   m a n u a l l y .  

T h a t   i s ,   as  shown  in  F i g .   3,  e a c h   of  t h e   a d j a c e n t  

e n d s   of  t h e   l e a d - s h e a t h e d   c a b l e   u n i t s   to  be  j o i n e d  

is   f i r s t l y   o p e n e d   and  t r u n c a t e d   so  as  to  p r o v i d e   a  

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

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

( l e a d - s h e a t h   14)  and  a  l e a d   w e l d i n g   rod   1 9 , w i t h   a  

gas   t o r c h   20.  T h e r e f o r e ,   t h e   f o l l o w i n g   p r o b l e m s   a r e  

v e r y   l i k e l y   to   a r i s e ,   and  j o i n t s   a r e   so  ap t   to   b r e a k ,  

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

b e e n   a w a i t e d .  

(1)  B e c a u s e   a  gas   t o r c h   i s   u s e d ,   t h e r e   is   a  

t e n d e n c y   f o r   a i r   and  a  gas   p r o d u c e d   f rom  c o m b u s i o n  

to  be  f e d   i n t o   t h e   j o i n t s   and  f o rm  p i n h o l e s   t h e r e i n .  

H e n c e ,   t h e   j o i n t s   a r e   i n f e r i o r   in  m e c h a n i c a l   s t r e n g t h .  



Tha t   i s ,   t h e y   a r e   so  p o o r   in  t e n s i l e   s t r e n g t h   a n d  

e l o n g a t i o n   t h a t   t h e y   b r e a k   v e r y   o f t e n .  

(2)  B e c a u s e   w e l d i n g   c a b l e s   i s   t e c h n i c a l l y   v e r y  

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

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

(3)  B e c a u s e   w e l d i n g   d e p e n d s   on  m a n u a l   work . ,  

v a r i a t i o n s   in   q u a l i t y   a r i s e .   T h a t   i s ,   s i n c e  

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

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

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

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

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

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

to   s p e c i f y   q u a n t i t a t i v e l y .   T h e s e   u n s p e c i f i e d   f a c t o r s  

r e s u l t   in  u n e v e n n e s s   in  t h e   j o i n t   q u a l i t y .  

In  o r d e r   to   s o l v e   t h e s e   p r o b l e m s ,   i t   i s   of  c o u r s e  

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

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

p o w e r   c a b l e .   H o w e v e r ,   in  r e a l i t y ,   s u c h   e q u i p m e n t  

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

to   r e a l i z e .  

U n d e r   t h e   c i r c u m s t a n c e s ,   i t   i s   an  o b j e c t   of  t h i s  

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

p o w e r   c a b l e ' w i t h   a  n u m b e r   of  j o i n t s   w h i c h   a r e  

q u a l i t a t i v e l y   so  s t a b l e   t h a t   b r e a k i n g   s e l d o m   o c c u r s .  

I t   i s   a n o t h e r   o b j e c t   of  t h i s   i n v e n t i o n   t o   p r o v i d e   a  

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

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

e f f e c t i v e l y   no  s u c h   p i n h o l e s ,   so  t h a t  t h e i r   q u a l i t y  

is   f u l l y   g u a r a n t e e d .   I t   i s   s t i l l  a n o t h e r   o b j e c t   o f  



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

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

not  need   any  s p e c i a l   t r a i n i n g   of  w c r k e r s   p r i o r   t o  

j o i n i n g   c a b l e   u n i t s   and  makes   i t   p o s s i b l e   to   s t a b i l i z e  

t he   q u a l i t y   of  j o i n t s   by  t h e   c o m b i n a t i v e   use   of  a n  

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

In  o r d e r   t h a t   t he   i n v e n t i o n   may  be  more  f u l l y  

u n d e r s t o o d ,   r e f e r e n c e   w i l l   now  be  made  to   t h e  

a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h : -  

F i g .   1  is   a  s c h e m a t i c   i l l u s t r a t i o n   w h i c h   s h o w s  

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

r o b o t i c s ,   a c c o r d i n g   to   one  e m b o d i m e n t   of  t h e   i n v e n t i o n ,  

F i g .   2  i s   a  c r o s s - s e c t i o n a l   d i a g r a m   w h i c h   shows 

the   o u t l i n e   s t r u c t u r e   of  an  o i l - f i l l e d   s u b m a r i n e  

power   c a b l e ;  

F i g .   3  i l l u s t r a t e s   a  c o n v e n t i o n a l   way  of  w e l d i n g  

a  j o i n t   of  c a b l e   u n i t s ;  

F i g .   4  i l l u s t r a t e s   t h e   d i r e c t i o n   in  w h i c h   w e l d i n g  

is   made  a t   a  g i v e n   r a t e   a c c o r d i n g   to   t h i s   e m b o d i m e n t  

of  t h e   i n v e n t i o n ,  

F i g .   5  i l l u s t r a t e s   t h a t   a  w e l d i n g   t o r c h   is   s e t  

at  a  c e r t a i n   a n g l e   to  t h e   c i r c u m f e r e n c e   of  a  c a b l e   u n i t .  

The  p r e s e n t   i n v e n t o r s   have   k e e n l y   f e l t   t h a t   t h e  

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

i m p o r t a n c e   in  s t a b i l i z i n g   t h e   q u a l i t y   of  c a b l e   j o i n t s  

s u f f i c i e n t l y   so  as  to   p r e v e n t   them  f rom  b r e a k i n g .  

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

the   MIG  w e l d i n g   p r o c e s s   and  t h e   TIG  w e l d i n g   p r o c e s s  

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

u t i l i z i n g   a  gas   t o r c h .   As  a  r e s u l t ,   t h e y   f o u n d   t h a t  



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

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

b e c a u s e   i t   i s   v e r y   d i f f i c u l t   to   c o n t r o l   a  l o t   o f  

r e l a t e d   f a c t o r s ,   such   as  t h e   a m o u n t   of  a  gas   to   b e  

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

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

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

an  e l e c t r i c   w e l d i n g   t e c h n i q u e ,   s u c h   as  t h e   MIG  or  t h e  

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

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

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

j o i n i n g   l e a d - s h e a t h e d   u n i t s   a t   low  t e m p e r a t u r e s .   E v e n -  

t u a l l y   t h e y   k e e n l y   a d v a n c e d   t h e i r   s t u d y   on  t h e   TIG 

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

s m a l l   e l e c t r i c   c u r r e n t .  

N e v e r t h e l e s s ,   when  t h e y   s t a r t e d   t h e i r   s t u d y ,   g a s  

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

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

p r o c e s s e s   a r e   r e l a t i v e l y   s a t i s f a c t o r y   in  r e l a t i o n  

t o   w o r k i n g   e f f i c i e n c y ,   s i n c e   w e l d e r s   can   a d j u s t  

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

l e a d ,   w h i l s t   c h e c k i n g   t h e   w e l d i n g   c o n d i t i o n   v i s u a l l y .  

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

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

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

e l e c t r i c   c u r r e n t   of  more   t h a n   50  a r p e r e s   i s   u s u a l l y  

u s e d .   The  s i t u a t i o n   was  t h a t   no  one  had  any  i d e a   a t  a l l  
t h a t   t h e   TIG  w e l d i n g   p r o c e s s   c o u l d   be  a p p l i c a b l e   t o  

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

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



p r o c e s s   in  many  w a y s ,   r e p e a t e d   e x p e r i m e n t s   to  c r e a t e  

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

A c c o r d i n g   to   t h e   new  p r o c e s s ,   t h e   most   i m p o r t a n t  

of  a l l   c o n d i t i o n s   i s   to   c o n t r o l   a  w e l d i n g   e l e c t r i c  

c u r r e n t   in  t h e   r a n g e   10  to  30  a m p e r e s ,   p r o v i d e d   t h a t  

t h e   o p t i m u m   w e l d i n g   e l e c t r i c   c u r r e n t   i s   16  a m p e r e s .  

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

r e q u i r e s   a  l a r g e   e l e c t r i c   c u r r e n t   of  more   t h a n   50  

a m p e r e s .   H o w e v e r ,   i t   is  one  of  t h e   c h a r a c t e r i s t i c s  

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

to  w e l d i n g .   B r i e f l y ,   when  the   w e l d i n g   e l e c t r i c   c u r r e n t  

i s  g r e a t e r   t h a n   30  a m p e r e s ,   h o l e s   a r e   apt   to  form  ir.  t h e  

l e a d - s h e a t h   of  c a b l e s ,   or  m o l t e n   l e a d   d r o p s   f rom  j o i n t s  

b e i n g   w e l d i n g   b e c a u s e   t oo   much  l e a d   m e l t s .   C o n v e r s e l y ,  

when  t h e   w e l d i n g   e l e c t r i c   c u r r e n t   i s   l e s s   t h a n   1 0  

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

rod   a r e   d i f f i c u l t   to   m e l t .   From  t h e s e ,   i t   i s   v e r y  

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

r a n g e   of  10  to   30  a m p e r e s .  

Nex t   t o   t h e   w e l d i n g   e l e c t r i c   c u r r e n t ,   t h e   d i r e c t i o n  

of  w e l d i n g   i s   i m p o r t a n t .   In  o r d e r   to   m e l t   l e a d   w e l l  

and  make  a  good   j o i n t ,   i t   is  d e s i r a b l e   to   e f f e c t   t h e  

w e l d i n g ,   in  t e r m s   of  t he   c r o s s - s e c t i o n a l   v i e w   of  t h e  

c a b l e   14,  f r om  i t s   b o t t o m   ( l o w e s t   p o i n t )   to  i t s   t o p  

( h i g h e s t   p o i n t ) ,   in  t h e   d i r e c t i o n   i n d i c a t e d   by  t h e  

a r r o w s   in  F i g .   4.  In  t h i s   c o n n e c t i o n ,   w e l d i n g   may  b e  

e f f e c t e d   in  s u c h   a  way  t h a t   t h e   c i r c u m f e r e n c e   of  a  

c a b l e   i s   d i v i d e d   i n t o   two  p a r t s   as  shown  in  F i g .   4  ( A ) ,  

or  i n t o   f o u r   p a r t s   as  shown  in  F ig .   4  (B) .   The  m o r e  

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



to  H e l d ,   b e c a u s e   t h e   c u r v a t u r e   t h a t  a   t o r c h   f o l l o w s  

b e c o m e s   g e n t i l e .  

O t h e r   w e l d i n g   c o n d i t i o n s   w i l l   be  l i s t e d   as  f o l l o w s :  

(1)  The  d i a m e t e r   of  t u n g s t e n   e l e c t r o d e s  

w h i c h   a r e   u s e d   i s   in  t h e   r a n g e   of  1 . 0   to   3 .0   mm, 

p r o v i d e d   t h a t   t h e i r   o p t i m u m   d i a m e t e r   i s   1 . 6   mm.  When 

t h i s   d i a m e t e r   i s   s m a l l e r   t h a n   1 .0   mm,  t h e   e l e c t r o d e s  

t e n d   to   wear   down,   n e c e s s i t a t i n g   f r e q u e n t   r e p l a c e m e n t .  

When  t h e   d i a m e t e r   is  g r e a t e r   t h a n   3 .0   mm,  i t   i s  

d i f f i c u l t   i f   not   i m p o s s i b l e   to   c o n c e n t r a t e   t h e  

a rc   on  t h e   s p o t   to   be  w e l d e d .  

(2)  In  e f f e c t i n g   w e l d i n g ,   t h e   w e l d i n g   t o r c h   h a s  

to  f o l l o w   t h e   w e l d i n g   r o d .   T h a t   i s ,   in  t e r m s   of  t h e  

w e l d i n g   d i r e c t i o n ,   the   w e l d i n g   rod   l e a d s   and  t h e   w e l d i n g  

t o r c h   l a g s   b e h i n d .   If   t h e   two  a r e   t r a n s p o s e d   i n  

p o s i t i o n ,   t h e   w e l d i n g   rod   a l w a y s   comes   a f t e r   t h e  

m e l t   p o o l   f o r m e d   by  t h e   w e l d i n g   t o r c h .   In  such   a  c a s e ,  

a  good  w e l d   is  u n l i k e l y   to   be  a c h i e v e d ,   b e c a u s e   t h e  

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

so  n a r r o w e d   t h a t   w e l d i n g   i s   s l o w e d   d o w n .  

(3)  The  d i s t a n c e   b e t w e e n   a  b a s e   m a t e r i a l   ( l e a d  

s h e a t h e d )   and  t h e   w e l d i n g   t o r c h   i s   in  t h e   r a n g e   o f  

1  to   4  mm,  p r o v i d e d   t h a t   t h e   o p t i m u m   d i s t a n c e  

i s   2  mm.  When  t h i s   d i s t a n c e   i s   g r e a t e r   t h a n   4  mm, 

t h e   l e a d - s h e a t h   does   no t   m e l t   bu t   t h e  w e l d i n g   r o d  

m e l t s .   A s  a   r e s u l t ,   w e l d i n g   i s   i m p o s s i b l e .   When 

t h i s   d i s t a n c e   i s   l e s s   t h a n   1  mm,  t h e   w e l d i n g   rod   c o m e s  

i n t o   c o n t a c t   w i t h   t h e   w e l d i n g   e l e c t r o d e   and  t h e   a r c  

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

c o n t i n u e d .  



(4)  The  m o v i n g  s p e e d   of  t h e  w e l d i n g   t o r c h   i s  

in  t h e   r a n g e   of  5  t o  2 0   m m / s e c ,   p r o v i d e d   t h a t   t h e  

o p t i m u m   m o v i n g   s p e e d   i s   10  m m / s e c .   When  th i s   s p e e d  

i s   l e s s   t h a n   5  m m / s e c ,   t h e   m e l t  p o o l   g r o w s   t o o  

l a r g e   to   s t a y   on  t h e   b a s e  m a t e r i a l ,  w i t h   t h e   r e s u l t  

t h a t   i t   d r o p s .   W h e n  t h i s  s p e e d   i s   g r e a t e r   t h a n  

2 0 m m / s e c ,   t h e   l e a d - s h e a t h  d o e s  n o t   m e l t   s u f f i c i e n t l y  

and  as  a  r e s u l t ,   w e l d i n g   b e c o m e s   d i f f i c u l t .  

(5)  The  f e e d   r a t e   of  t h e   w e l d i n g   rod   i s   in  t h e  

r a n g e   of  2  to   8  m m / s e c ,  p r o v i d e d   t h a t   t h e   o p t i m u m  

f e e d   r a t e   is   4 .5   m m / s e c .   W h e n  t h i s   r a t e   is   l e s s   t h a n  

2  m m / s e c ,   t h e   s u r f a c e   of  t h e   w e l d e d   j o i n t   b e c o m e s  

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

i s   t o o   s l o w   f o r   t h e   s p r e a d   of  t h e   m e l t   p o o l .   When 

t h i s   r a t e   i s  g r e a t e r   t h a n   8  m m / s e c ,   t h e   f e e d   of  t h e  

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

m e l t   a n d  f u s e   i n t o   t h e   l e a d - s h e a t h ,  w h i c h   makes   t h e  

j o i n t   s u r f a c e   r u g g e d  o r   r o u g h ,   a n d  p o r e s   fo rm  in  t h e  

w e l d .  

(6)  The  d i a m e t e r   of   t h e   w e l d i n g   r o d   is   in  t h e  

r a n g e   of  1  to   4  m m ,  p r o v i d e d   t h a t  t h e   o p t i m u m   d i a m e t e r  

i s  2   mm.  When  t h i s   d i a m e t e r   i s   l e s s   t h a n   1  mm,  t h e  

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

f e e d   r a t e .   When  t h i s   d i a m e t e r   i s   g r e a t e r   than  4  mm,  t h e  

f e e d   r a t e   mus t   b e  m a d e   a s   s l o w   as  p o s s i b l e ,   w i t h  

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

(7)  The  a n g l e   of  w h i c h   t h e   w e l d i n g   t o r c h   i s  

h e l d   to   t h e   t a n g e n t   to   t h e   c i r c u m f e r e n c e   of  t h e  

c a b l e s   i s   in  t h e   r a n g e   of  65°  to   80° ,   p r o v i d e d   t h a t  

t h e   o p t i m u m  a n g l e   is   7 2 ° .  



The  a b o v e   is  a  d e s c r i p t i o n   of  the  c o n d u t i o n s   i n  

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

i n v e n t i o n .   I t   has   been   p r o v e d   t h a t ,   p r o v i d e d   t h a t   t h e  

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

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

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

p o s s e s s i n g   a  much  more  s t a b l e   q u a l i t y   by  u s i n g   t h e  

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

w e l d i n g   p r o c e s s .   D e s p i t e   t h i s ,  i t   i s   d i f f i c u l t  

fo r   t h e   w e l d e r s   to   a c q u i r e   s u f f i c i e n t   s k i l l .   F u r t h e r -  

more ,   e v e n   i f   t h e y   have   t h e   s k i l l ,   i r r e g u l a r i t i e s   a r e  

apt   to   f o r m   in  a  j o i n t  i n   t e r m s   o f  w h e r e   t h e y   w e l d ,   i . e .  

to   t h e   r i g h t   or  l e f t   s i d e ,  o r   u p p e r   or  l o w e r   s i d e ,  

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

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

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

A d d i t i o n a l l y ,   b e f o r e   c o m m e n c i n g   T I G  w e l d i n g ,  

t h e   w e l d e r s   h a v e   to  wear   a  mask  b e c a u s e  t h e y   c a n n o t  d i r e c t l y  

l o o k   a t   an  a r c   w i t h   t h e i r   n a k e d   e y e s .   T h e r e f o r e ,  

b e f o r e   an  a r c   i s  s t r u c k ,   i t   is   d i f f i c u l t   f o r   them  t o  

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

b e c a u s e   t h e y   a r e   h i n d e r e d   by  t h e   d a r k n e s s   c a u s e d   b y  

t h e   m a s k .  

I t   i s   a l s o   d i f f i c u l t   f o r  t h e   w e l d e r s   to   s e e  

i f   an  a p p r o p r i a t e   amount   of  'a  l e a d - s h e a t h   or  a 

w e l d i n g   r o d   i s   u s e d   in  w e l d i n g .  

As  a p p a r e n t   f r o m  t h e   a b o v e ,   t h e   m a n u a l   w o r k  

i n e v i t a b l y   g i v e s   r i s e   to   u n e v e n n e s s   o r   i n c o n s i s t e n c i e s  

in  t h e   q u a l i t y   of  j o i n t s  i n   a  l o n g ,   l e a d - s h e a t h e d ,  

s u b m a r i n e   p o w e r   c a b l e .  



In  o r d e r   t o   l e s s e n   s u c h   i n c o n s i s t e n c i e s   due  t o  

the   v a r i o u s   r e a s o n s   m e n t i o n e d   a b o v e ,  t h e   u t i l i z a t i o n  

or  r o b o t i c s   t o   s t r i c t l y   m a i n t a i n   a l l   t he   a b o v e  

c o n d i t i o n s   w o u l d   r e s u l t   in  t h e   s t a b i l i z a t i o n   of  t h e  

j o i n t   q u a l i t y .   H o w e v e r ,   in  t h e   c o m b i n e d   u s e   o f  

r o b o t i c s   and  a  c o n v e n t i o n a l   gas  w e l d i n g   p r o c e s s ,   i t   i s  

d i f f i c u l t   to   c o n t r o l   t h e   a m o u n t   of  gas   to  be  f e d  

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

c o l o r   of  t h e   t o r c h   f l a m e .   I t   is  a l s o   d i f f i c u l t   t o  

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

f rom  t h e   w e l d   and  i g n i t e   i t   e a c h   t i m e   the   t o r c h   c o m e s  

n e a r   t h e   w e l d .  

In  c o n t r a s t   to   t h i s   i n c o n v e n i e n c e ,   t h e   c o m b i n e d   u s e  

of  r o b o t i c s   and  t h e   TIG  w e l d i n g   p r o c e s s   i s   v e r y  

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

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

e l e c t r i c   c u r r e n t .   The  t o r c h   f l a m e   can  be  i g n i t e d  

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

b e t w e e n   t h e   w e l d   and  t h e   t o r c h .   I f   t h e   t o r c h   f l a m e  

goes   ou t   by  i t s e l f ,   t h e   f e e d  o f   t h e   w e l d i n g   rod   c a n  

be  s t o p p e d   by  means   of  an  i n t e r l o c k i n g   m e c h a n i s m .   I n  

t h i s   way,   v a r i o u s   c o n t r o l   means   may  be  p u t   t o g e t h e r  

so  as  to   b r i n g   o u t  t h e i r   c o m b i n e d   e f f e c t   to   t h e  

maximum  e x t e n t .  

F i g .   1  i s   a  s c h e m a t i c   i l l u s t r a t i o n   s h o w i n g   a n  

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

d e v i c e   34,  and  a  m u l t i a r t i c u l a t e d   r o b o t   31  w h i c h   i s  

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

A c t u a l l y ,   i t   i s   p r e f e r a b l e   f o r   t h e   r o b o t   t o  h a v e   s i x  

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



f u n c t i o n a l   a r m s   and  one  p n e u m a t i c  1 8 0 °   r o t a t a b l e  

arm.   The  a p p a r a t u s   a l s o   i n c l u d e s   a  r o b o t   c o n t r o l  

p a n e l   32;  a  p a n e l   33  t h r o u g h   w h i c h   v a r i o u s   w e l d i n g  

c o n d i t i o n s   a r e   i n p u t ;   a  c o n t r o l   p a n e l   35  f o r   t h e   TIG 

w e l d i n g   d e v i c e ;   an  a u t o m a t i c   f e e d i n g   d e v i c e   36  f c r  

a  w e l d i n g   r o d ,   p r o v i d e d   w i t h   a  c o n t r o l   p a n e l   36a;   a n d  

a  w e l i d i n g   t o r c h   37.  T h e . a p p a r a t u s   a l s o   i n c l u d e s   a 

p o r t i o n   38  w h e r e   twc  c a b l e   u n i t s   meet   e a c h   o t h e r   i n  

s u c h   a  way  t h a t   t h e i r   l e a d - s h e a t h   14  can  b e  

s u b j e c t e d   to   w e l d i n g ;   a  r o l l e r   39  fo r   s u p p o r t i n g   a 

c a b l e   in  t h e   h o r i z o n t a l   p o s i t i o n ;   a  w e l d i n g   rod   40  w h i c h  

is   f e d   from,  a  r e e l   40a ;   and  a  g r o u n d i n g   w i r e   4 1 .  

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

by  t h e   u s e  o f   a l l   t h e   a b o v e   e q u i p m e n t .   The  w o r k i n g  

s t e p s   a r e   o u t l i n e d   b e l o w : -  

(1)  The  end  of  e a c h   c a b l e   u n i t   i s   o p e n e d   m a n u a l l y  

in  a  c o n v e n t i o n a l   m a n n e r   by  u s i n g   t o o l s .  

(2)  The  r o b o t   31  is  m a n i p u l a t e d   by  means   of  a  t e a c h i n g  

box  i n c o r p o r a t e d   in  t h e   r o b o t   c o n t r o l   p a n e l   32  s o  

as  t o   c a u s e   the   r o b o t   to   m e m o r i z e   e v e r y   m o v e m e n t  

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

(3)  A l l   t h e   c o n d i t i o n s   n e c e s s a r y   f o r   w e l d i n g   a r e  

d e t e r m i n e d ,   and  i n p u t   t h r o u g h   t h e   c o n t r o l   p a n e l   35  f o r  

t h e   TIG  w e l d i n g   d e v i c e .  

(4)  The  f e e d   r a t e   of  t h e   w e l d i n g   rod   i s   d e t e r m i n e d  

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

c o n t r o l   p a n e l   3 6 a .  

(5)  I n f o r m a t i o n   r e l a t i n g   to   w h e r e   and  how  to   we ld   i s  

i n p u t   t h r o u g h   the   p a n e l   3 3 .  

(6)  A  r o b o t - a c t u a t i n g   s w i t c h   i s   s w i t c h e d   on.   T h e n  



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

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

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

f e d   w e l d i n g   r o d   40  and  t h e   l e a d - s h e a t h   14  ( b a s e  

m a t e r i a l )   in  an  i n e r t   gas   by  means   of  an  a r c  

p r o d u c e d   f rom  t h e   t o p   of  t h e   w e l d i n g   t o r c h   3 7 .  

(7)  W e l d i n g   i s   r e p e a t e d   a u t o m a t i c a l l y   by  t h e   r o b o t  

and  a  good   j o i n t   i s   f o r m e d   b e t w e e n   two  c a b l e   u n i t s  

one  a f t e r   a n o t h e r .  

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

i n e r t   gas   by  t h e   TIG  w e l d i n g   p r o c e s s ,   and  by  a 

c o n v e n t i o n a l   gas   w e l d i n g   p r o c e s s ,   a re   shown  in  t h e  

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

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

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

fo rm  in  t h e   j o i n t s   as  r e f e r r e d   to  e a r l i e r .   O u t s i d e ,   a  

v a r i e t y   of  i n c o n s i s t e n c i e s   or  u n e v e n n e s s   comes  i n t o  

e x i s t e n c e   d e r i v e d   f rom  t h e   d i f f e r e n c e s   among  i n d i v i d u a l  

s k i l l s ,   in  t h e   r e l a t i v e   e a s e   or  d i f f i c u l t y   w i t h  

w h i c h   w e l d i n g   may  be  c a r r i e d   ou t   at   p a r t i c u l a r   p o s i t i o n s  

on  t h e   c i r c u m f e r e n c e   of  c a b l e s ,  f o r   e x a m p l e   t h e   u p p e r ,  

l o w e r ,   r i g h t ,   or  l e f t   s i d e   of  t h e   c a b l e s .   T h e r e f o r e ,  

t h e   p h y s i c a l   p r o p e r t i e s   of  t he   j o i n t s   a r e   g e n e r a l l y   p o o r  



and  h a v e   a  w i d e   s p r e a d .   On  a c c o u n t   of  t h e s e ,   j o i n t s   a r e  

a p t   to   b r e a k   a t   t h e i r   c e n t e r   in   m o s t   c a s e s .   H o w e v e r ,  

in  t h e   TIG  w e l d i n g   p r o c e s s   e m b o d i e d   in  t h i s - '  

i n v e n t i o n ,   t h e   q u a l i t y   of  t h e   j o i n t s   i s   a l w a y s   s o  

c o n s t a n t   or  c o n s i s t e n t   t h a t   t h e i r   p h y s i c a l   p r o p e r t i e s  

a r e   no t   w e a k e r   t h a n   t h o s e   of  u n w e l d e d   p o r t i o n s .  

B e c a u s e   t he   TIG  w e l d i n g   p r o c e s s   i s   c a r r i e d   o u t   in  a n  

i n e r t   a t m o s p h e r e ,   t h e   w e l d e d   j o i n t s   a r e   a l s o   q u i t e  

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

m a n u a l l y .   When  t h e   TIG  w e l d i n g   p r o c e s s   i s   c o m b i n e d   w i t h  
r o b o t i c s ,   i t   i s   p o s s i b l e   to   p u t   t h e   d i s t a n c e   b e t w e e n  

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

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

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

s u c h   s t r i c t   c o n t r o l   t h a t   t h e   j o i n t   q u a l i t y   i s   s t a b i l i z e d  

to   a  g r e a t e r   e x t e n t ,   and  t r a i n i n g   w o r k e r s   t o   m a k e  

t h e m   e x p e r t s   b e c o m e s   u n n e c e s s a r y .  



1.  A  l e a d - s h e a t h e d ,   s u b m a r i n e   power   c a b l e ,   w h i c h  

i s   c h a r a c t e r i z e d   by  h a v i n g   one  or  more  l e a d - s h e a t h e d  

j o i n t s   made  by  t h e   a p p l i c a t i o n   of  t h e   TIG  w e l d i n g  

p r o c e s s .  

2.  A  p r o c e s s   f o r   p r o d u c i n g   a  l e a d - s h e a t h e d ,  

s u b m a r i n e   p o w e r   c a b l e   in  a  f a c t o r y   by  j o i n i n g   c a b l e  

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

i s   c h a r a c t e r i z e d   in  t h a t   t h e   w e l d i n g   i s   e f f e c t e d   in  a  

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

t o p   ( h i g h e s t   p a r t )   in  t e r m s   of  t h e   c r o s s - s e c t i o n a l  

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

by  u s i n g   a  10  to   30  a m p e r e   e l e c t r i c   c u r r e n t   by  t h e  

a p p l i c a t i o n   of  t h e   TIG  w e l d i n g   p r o c e s s   in   a n  

a t m o s p h e r e   of  an  i n e r t   g a s .  
3.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   2,  w h i c h   i s  

c h a r a c t e r i z e d   in  t h a t   s a i d   w e l d i n g   is   e f f e c t e d   a u t o -  

m a t i c a l l y   by  t h e   use   of  a  r o b o t   (31)  p r o v i d e d   w i t h  

f i v e   or  more  a r t i c u l a t e d   f u n c t i o n a l   a r m s .  
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