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The s t r u c t u r e s  descr ibed i n  this  paper wonf t  f l y ,  . . .but e l e c t r o s l a g  

and e l e c t r o g a s  welding could w e l l  have been used t o  b u i l d  t h e  t r a n s -  

p o r t e r  t h a t " c a r r i e s  the  Apollo/Saturn rocke t  along i t s  f i rs t  mile 

toward t h e  moon; arid these  processes  a r e  used t o  weld t h e  p r e s s e s  

t h a t  form NASA v e s s e l s ,  and the s to rage  tanks ,  sh ips ,  -barges,  br idges,  

and bu i ld ings  involved i n  numerous NASA p r o j e c t s .  Not every th ing  

I\JASA touches a c t u a l l y  f l i e s .  

These two new jo in ing  methods perform welding i n  the v e r t i c a l  pos i -  

t i o n ,  and t h e r e i n  l i e s  the  s e c r e t  of' t h e i r  impressive advantages i n  

m a t e r i a l  handl inc,  i n  weld prepara t ion ,  i n  welding speed, i n  freedom 

f r o m  d i s t o r t i o n ,  and i n  weld soundness. Once the  work has been s e t  

i n  the proper  v e r t i c a l  p o s i t i o n  for welding, no f u r t h e r  p l a t e  hand- 

l i n g  i s  requi red .  Overhead cranes  need not be r e c a l l e d  t o  t u r n  the 

p l a t e s  over, as would be r equ i r ed  i n  multi-pass downhand welding, 

The molten f i l l e r  meta l  i s  he ld  i n  p lace  by copper shoes or d m s ,  

and the  weld i s  completed i n  one pass.  
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Comparing a s i n g l e  pass  weld i n  11-inch 

passes  r equ i r ed  i n  a manual weld, makes 

p l a t e  w i t h  t h e  l abor ious  1200 

obvious how many advantages 

will accrue from s i n g l e  pass  welding. 

no TJ-grooves o r  complicated bevels  w i t h  r o o t  faces: merely a s t ra ight  

flame-cut e@ge, !to give  a 900 b u t t  j o i n t  o r  r e c e n t l y  a 

j o i n t  w i t h  open roo t .  

wide no mat te r  how t h i c k  the,  p l a t e s ,  hence welding progresses  r ap id -  

l y .  Comonly some 35 l b s .  of metal  a r e  depos i ted  p e r  hour by each 

w i r e  used; i n  e l e c t r o s l a g  welding w i t h  three wires  the d e p o s i t i o n  

r a t e  i s  over 100 l b s .  p e r  hour. Not uncommonly e l e c t r o s l a g  and e l e c -  

t rogas  welds a r e  completed i n  o n e - f i f t h  t h e  time r equ i r ed  by o t h e r  

welding methods. 

P la te  p r e p a r a t i o n  r e q u i r e s  

The gap t o  be f i l l e d  i s  less than 1% i nches  

_ .  

The g r e a t  advantage of e l e c t r o s l a g  welding i s  weld q u a l i t y ,  r e s u l t -  

i n g  from m e t a l l u r g i c a l  r e f i n i n g  of the f i l l e r  metal  by the  s l a g ,  and 
$ 

f r o m  the  d i r e c t i o n a l  s o l i d i f i c a t i o n  of the weld f r o m  below upwards, 

r e j e c t i n g  non-metall ic impur i t i e s  i n t o  the  slag bath. The meta l  

s o l j - d i f i e s  as a c l e a n  sound weld, remarkably f r e e  from d i s t o r t i o n .  

A s  mentioned a l ready ,  a weld p o o l  between v e r t i c a l  p l a t e s  w i l l  have 

t o  be cons t r a ined  by dams. 

s t r u c t u r a l  s t e e l  beams, and f o r  var ious  s m a l l  assemblies,  it i s  suf- 

f i c i e n t  t o  use t h i c k  copper bars , on t h e  side of the j o i n t  remote 

from the welding machine, o r  even on both  sides ( i n  consumable nozzle 

For  o i l  and water  s to rage  tanks, f o r  

welding).  On the working s i d e  ( o r  on b o t h - s i d e s ) ,  

i n g  shoes are used, whose r ise  i s  coordinated with 

i f i c a t i o n  of the weld. I n t o  the pocket so  c rea t ed  
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i s  guided by a snorkel reaching ove r  the t o p  of the near shoe, o r  

by a consumable guide cent ra l ly  located within the jo in t  gap. 

Between p l a t e s  1% t o  5 inches thick o r  thicker,  the process employs 

an e l e c t r i c a l l y  conductive molten s lag pool, about 1% inches deep, 

which melts the f i l l e r  nietal and the edges of the p la tes -3y  i t s  high 

temperature ( 3000°F), hence the name e lec t ros lag  welding. I n  e lec t ro-  

s lag welding there i s  no arc once the s lag pool has been established. 

I n  welding p l a t e s  % <o 3 inches thick the process i s  e l e c t r i c  arc 

welding, shielded w i t h  C02 or argon gas, hence the name electroaas  

welding. A s m a l l  amount of f l u x  i s  frequently used t o  improve the' 

surface of  the weld, since it lubricates  the moving shoe. 

To feed wire through a consumable nozzle requires l i b t l e  equipment. 

Figure 1 shows a weld being s e t  up f o r  demonstration, before view 

of the nozzle becomes blocked by the copper shoes. 

1 

T o  use t rave l l ing  shoes and a snorkel, controls are provided which 

can climb a mast or track placed beside the work. Mechanical con- 

t r o l s  used e a r l i e r  f o r  o sc i l l a t ion  and dwell have since been replaced 

by s o l i d  s t a t e  e lectronics .  

machine equipped w i t h  one water-cooled shoe, which climbs a standard 

track. 

the f a r  side of the jo in t  t o  contain the weld pool. 

Figure 2 shows a portable slag/gas 

I n  this case copper backing bars must be preplaced against 
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For welds more than 5 or  6 inches thick, two o r  more w i r e s  are f e d  

i n t o  the s l a g  by sophis t ica ted  equipment which reaches through the 

j o i n t  t o  hold the f a r  shoe i n  place,  Figure 3 shows a laboratory 

set-up from the f a r  s ide.  Water and gas connections tQ the shoe 

are  evident. The a r m  i s  f ree- f loa t ing  i n  t w o  hor izonta l  

and se l f - t racking  along the jo in t .  

p l i ca t ions  of a 2-or 3-wire machine i n  th i s  country w a s  that shown 

i n  Figure 4, the preparat ion of p l a t e s  of HY80 wider than any p l a t e s  

Lukens Stee1"Co. can  r o l l ,  t o  make a blank from which t o  sp in  nose 

One of the f i rs t  production ap- 

cone s f o r  submarines 

A t y p i c a l  appl icat ion of e l e c t r o E  welding i s  the welding of s torage 

tanks,  such as the  group of surge towers a t  the Oahe 

I 
Darn i n  South Dakota. The v e r t i c a l  seams i n  these towers were a l l  

welded w i t h  e lec t rogas  welding machines which could be mounted on 

ca r r i ages  hung from the top of the tank being constructed.  Figure 5 
shows a cage being swung i n t o  posi t ion,  These tanks were 

welded w i t h  square b u t t  preparation, but cur ren t  prac t ice  f o r  o i l  

s torage tanks, whose p l a t e s  vary from % t o  1;~ in .  th ickpis  a Vee 

grove preparat ion w i t h  roo t  gap 3/16 in .  backed by a s ingle  copper 

ba r  ( t y p i c a l l y  1 in .  x 4 in.  x several  f e e t  long) .  The angle of 

vee d i f f e r s  f o r  the severa l  p l a t e  thicknesses,  t o  give i n  each case 

a face opening 7/0 i n ,  across,  c losed by the water-cooled shoe car-  

r ied by the t r ave l ing  machine. A s ingle  f i l l e r ' w i r e  i s  fed i n t o  this 

pocket and protected by i n e r t  gas o r  C02 flowing from o r i f i c e s  i n  

the shoe and the wire guide. The F i r e  i s  o s c i l l a t e d  by the equipment 

t o  d i s t r i b u t e  the arc  heat  uniformly over the weld pool, I 

5304 
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A t y p i c a l  t h r e e  w i r e  a p p l i c a t i o n  of e l e c t r o s l a g  welding i s  t h a t  

shown i n  Figure 6,a s t r u c t u r a l  f r a m  des t ined  for a mumoth hydrau- 

l i c  press .  Figure 7 shows a 15 i nch  t h i c k  sub-assembly, ready t o  

be joined along two 6-foot seams. Figure 8 wi lS  be recognized by 

ASN members as the  cover  p i c t u r e  on Metal Progress  magazine i n  

December 1967. A t  th is  s t age  one-of the  lower sews is being com- 

p l e t ed .  Figure 9 shows the completion of t he  upper seam. Regular lg  

f o u r  such seams a r e  completed i n  l i v e  working days, inc luding  as- 

sembly and disasserably of' t h e  equipment, This job  welded by sub- 

merged a r c  would t ake  f o u r  t o  s i x  weeks. 

Another important a p p l i c a t i o n  of e l e c t r o s l a g  welding i s  the  assembly 

of s t a i n l e s s  s t e e l  pump cas ings  f o r  nuc lea r  power p l an t s .  -The c i r -  

cumferent ia l  seam i n  E'iguso 10 i s  r o t a t e d  downwards p a s t  the e l e c t r o -  

slag welder, which s t ands  s t a t i o n a r y  u n t i l  the  tangent  discharge pipe 

i s  reached, when r o t a t i o n  i s  halted and the  welding equipment r ises,  

Repairs  t o  s h a f t s  and sp ind le s  a re  commonly made by  e l e c t r o s l a g  weld- 

i n g ,  Figure 11 shows t he  weld p repa ra t ion  f o r  a 9 i n .  diameter s h a f t .  

Mote the run-off tabs, which provide a r ec t angu la r  weld a rea .  The 

excess  metal  i s  c n t  off  a f t e r  the shaft has been welded. A l a r g e  

sp ind le  i s  shown i n  Figure 12, a r e p a i r  so  t h i c k  t h a t  two 2-wire 

welding machines were brought t o  the j o i n t ,  one on each  s ide.  

Figure 13 shows t he  welding i n  progress .  
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To summarize t h i s  b r i e f  survey of an ex tens ive  sub jec t ,  s t r e s s i n g  

i n  p a r t i c u l a r  t he  ways i n  which e l e c t r o s l a g  and e l e c t r o g a s  welding 

f i t  i n t o  the  theme of this Symposium, these  new jo in ing  methods 

save weight, (of course-so does any welding m e t h  

they  save t i m e ,  i n  weld prepara t ion ;  

they  save l abor ,  i n  m a t e r i a l  handling; 

they  save time, again,  i n  the welding ope ra t ion  i t s e l f ;  

they  produce a sound, und i s to r t ed  weld, because i t  i s  com- 

p l e t e d  i n  one sp ie t IVica1  pass and is s o l i d i f i e d  d i r e c t i o n a l l y  w i t h  

r e j e c t i o n  of i m p u r i t i e s  i n t o  the discarded s l a g .  

I think it  w i l l  pay many of you t o  adapt t h e s e  processes  t o  your 

own jo in ing  a p p l i c a t i o n s .  
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