
OAK RIDGE NATl 
*: 

UNION CARBIDE CORPORATION 

for the  

U.S. ATOMIC ENERGY COMMISSION 

ORNL TM- I45 *:+ 
COPY NO. - - 

D A T E  - Feb. 1, 1962 

ROCKETDYNE REMOTE WELDING FACILITY - TRIP REPORT 

BY 

John M. Holmes 

ABSTRACT 

The Rocketdyne Division of North American Aviation 

Company a t  McGregor, Texas, i s  c u r r e n t l y  welding rocket  

motor cases conta in ing  s o l i d  f u e l  remotely. D e t a i l s  of 

t h e  process  a r e  given and some recommendations made by 

Rocketdyne personnel  on t h e  welding procedure proposed. 

f o r  t h e  ICPP Pot  Calc ina t ion  P i l o t  P l a n t  a r e  a l s o  i n -  

cluded. 

NOTICE 

This  document contains information of  a preliminary nature and was prepared 
for internal  use at the Oak Ridge Nat ional  Laboratory. I t  i s  subject  

t o  revis ion or correction and therefore does not  represent a f ina l  report. The 
information i s  not to  be abstracted, reprinted or otherwise g iven pub l ic  d is -  
seminot~on without the approvai of  the ORNL patent branch, Lega l  and infor- 
mation Control Deportment. 



1.0 INTRODUCTION 

The Rocketdyne Division McGregor, Texas p l an t  of t he  North American 

Aviation Company was v i s i t e d  on January 18, 1962, t o  inspect  t h e i r  remote 

welding f a c i l i t y  and t o  confer with Rocketdyne personnel on remote w.elding 

techniques. Our i n t e r e s t  i n  remote welding concerns t he  problem of pro- 

viding an inexpensive, safe, and permanent closure f o r  ca lc inat ion pots  t o  

be produced i n  t he  ICPP Pot Calcination P i l o t  Plant .  These pots  w i l l  con- 

t a i n  s o l i d  radioact ive  wastes t h a t  w i l l  generate considerable quan t i t i e s  

of f i s s i o n  product heat  and may bu i ld  up i n  pressure  over long periods of 

storage.  They w i l l  be between 6 and 12 inches i n  diameter, approximately 

8 f e e t  i n  length  and w i l l  be fabr ica ted of type 347 o r  3 0 4 ~  s t a i n l e s s  

s t e e l .  The diameter of t he  welded closure w i l l  probably be about 4 inches.  

The design proposed (Fig.  1) w.ould be h e l i a r c  fusion welded with a tung- 

s ten  e lect rode and i n e r t  gas backup. 

2.0 REMOTE WELDING OPERATION 

Rocketdyne personnel contacted: 

R. J. Mart inel l i ,  Manager of Manufacturing 
W. B. Austin 
E. I?. French 
A. C .  Phelps 

The Rocketdyne p lan t  a t  McGregor, Texas, i s  concerned with t he  pro- 

duction of so l i d  f u e l  rocket motor gas generators used a s  tu rb ine  s t a r t e r s  

f o r  miss i les .  The rocket motors welded i n  t he  remote welding f a c i l i t y  a r e  

5-11/16 inches outs ide  diameter and a r e  fabr ica ted  of heat  t r e a t e d  type 

AISI 4130 s t e e l  which has an average composition of 0.95% C r ,  0.50% Mn, 

0.70% Mo and 0.3% c. I t s  domed head containing the  i g n i t e r  i s  s l ipped i n -  

t o  pos i t ion  i n  the  case containing the  rocket f u e l  and then welded remotely 

using tungsten i n e r t  gas welding and f i l l e r  metal. The reason f o r  rernote 

welding i s  apparent s ince  the  dis tance  between t he  weld and the  neares t  

explosive mater ia l  i s  roughly 1 inch. A cooling jacket placed around the  

f u e l  sect ion of the  case and a copper jacket placed around t he  case a t  the  

weld t o  improve t he  heat  d i s t r i bu t i on  a t  the  weld a r e  adequate f o r  p r e -  

venting ign i t ion  of the  fue l .  A sketch of t he  f i l l e t  weld, tungsten 

e lect rode holder, f i l l e r  metal feeder  and rocket case posit ioned f o r  

welding i s  shown i n  Fig. 2. 
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Fig. 1. Test Assembly 
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Fig. 2. Rocket motor case welding procedure. 



The h o r i z o n t a l l y  pos i t i oned  rocket  case  i s  r o t a t e d  a t  a cons tan t  

speed of about t h r e e  minutes p e r  revolu t ion .  Exact cen te r ing  of t h e  

revolving case  i s  maintained by an a i r  c y l i n d e r  a c t u a t e d  arm conta in ing  

a b a l l  j o i n t  which f i t s  i n t o  a socket  i n  t h e  rocke t  head p i e c e .  The 

e l e c t r o d e  ho lde r  i s  maintained a t  a 45 degree ang le  t o  t h e  h o r i z o n t a l  

and i s  mounted i n  an Airco he l iwe ld  welding head pos i t i oned  by a hydrau- 

l i c a l l y - o p e r a t e d  ram manipulator .  The e n t i r e  assembly i s  l i n e d  up by 

d i r e c t  handl ing be fo re  s t a r t i n g  t h e  welding ope ra t ion .  The welding head 

i s  then  withdrawn from t h e  weld and t h e  ope ra to r  t a k e s  a p o s i t i o n  behind 

a concre te  w ' a l l  where he can watch t h e  welding ope ra t ion  remotely us ing  

a mi r ro r .  

In  s t a r t i n g  t h e  weld, t h e  welding head i s  moved towards t h e  weld 

remotely; t h e  a r c  i s  s t r u c k  and i t s  l eng th  i s  s e t  au toma t i ca l ly  by 

e l e c t r o n i c  equipment which p o s i t i o n s  t h e  welding head, Two passes  a r e  

made. The f i r s t  i s  a fus ion  pas s  a t  about  140 amperes and t h e  second 

i s  made wi th  Oxyweld 41 f i l l e r  meta l  a t  about  175 amperes. I n i t i a l l y ,  

j u s t  t h e  f i l l e r  meta l  pas s  was used u n t i l  it was found t h a t  adding a 

fus ion  pas s  reduced t h e  thermal  s t r e s s e s  induced i n  t h e  h e a t  a f f e c t e d  

a r e a  next  t o  t h e  weld and improved t h e  rocket  case  b u r s t  p r e s s u r e s .  The 

two pas s  f i l l e t  welds have withstood hydrau l i c  p re s su re s  of around 6000 

p s i .  An a d d i t i o n a l  improvement t h a t  Rocketdyne has made t o  prevent  

thermal  shock a t  t h e  s t a r t  of t h e  weld and t o  e l i m i n a t e  blow ho le s  a t  

t h e  te rmina t ion  i s  t h e  use of an e l e c t r o n i c  s lope  c o n t r o l  on t h e  amperage. 

This  c o n t r o l  au toma t i ca l ly  s lopes  t h e  cu r r en t  between 30 and t h e  r equ i r ed  

weldingamperage over  a p e r i o d  of 1-1/2 t o  3-1/2 seconds when s t a r t i n g  and 

completing t h e  weld. 

Rocketdyne has found t h a t  t h e  tungs ten  e l e c t r o d e  must be removed and 

sharpened a f t e r  each 24 inches of weld, which u s u a l l y  means t h e  completion 

of  each case .  They s t a t e  t h a t  t h e  h igh  carbon content  of t h e  4130 meta l  

t ends  t o  erode away t h e  e l e c t r o d e .  With s t a i n l e s s  s t e e l  t h i s  e f f e c t  w i l l  

not  be a s  pronounced bu t  it w a s  recommended t h a t  p rov i s ions  be made f o r  

sharpening, replacing,  and r e p o s i t i o n i n g  t h e  tungs ten  e l e c t r o d e s .  This  

may p r e s e n t  d i f f i c u l t i e s  i n  t h e  des ign  of remote c e l l  welding equipment. 

The t o t a l  c o s t  of t h e  Rocketdyne remote welding equipment was about  

$28,000. This  included t h e  welding equipment, s p e c i a l  e l e c t r o n i c  



equipment, l a b o r  and i n s t a l l a t i o n  c o s t s .  Although t h e  machine f o r  

s e a l i n g  p o t s  i n  t h e  ICPP may no t  need t h e  s p e c i a l  e l e c t r o n i c  equipment, 

it w i l l  r equ i r e  a d d i t i o n a l  remote p o s i t i o n i n g  gadget ry  so  t h i s  c o s t  can 

probably  be considered a s  a minimum. 

3 .0  RECOMMENDATIONS BY ROCKETDYNE PERSONNEL 

I n  reviewing our  proposed welding procedure f o r  t h e  p o t  c a l c i n e r s  

s e v e r a l  recommendations and sugges t iocs  were made by Rocketdyne. T h e i r  

pr imary concern was t h e  d i f f i c u l t y  t h a t  may be experienced i n  removing 

and maintaining t h e  tungs ten  e l ec t rodes  remotely. It was suggested t h a t  

we cons ider  t h e  use  of  a consumable e lec t rode ,  i n e r t  gas-sh ie lded  process  

f o r  t h e  fo l lowing  reasons:  

1. The wire  e l e c t r o d e  could be maintained by c l ipp ing  o f f  a s h o r t  

p i e c e  a f t e r  each weld us ing  a p a i r  of remote c l i p p e r s .  This  would do 

away wi th  tungs ten  e l e c t r o d e  sharpening and p o s i t i o n i n g  device .  The con- 

sumable e l e c t r o d e  would be pos i t i oned  e l e c t r i c a l l y  similar t o  t h e  

Rocketdyne procedure.  

2.  I f  an e r r o r  occurred dur ing  welding, t h e  e l e c t r o d e  could be 

c l ipped  o f f  remotely nea r  t h e  weld and t h e  weld s t a r t e d  over  aga in .  

3.  The a d d i t i o n a l  metal  would add s t r e n g t h  t o  t h e  weld. 

4. Welding speeds f o r  consumable e l e c t r o d e  processes  a r e  g e n e r a l l y  

h ighe r  than  f o r  t h e  tungs ten  e l e c t r o d e  p roces ses .  Although t h i s  would 

n o t  s i g n i f i c a n t l y  i nc rease  p o t  product ion r a t e s ,  it was thought  t h a t  t h e  

f a s t e r  welding speeds would produce l e s s  h e a t i n g  and p r e s s u r e  bui ldup of 

t h e  gases  i n  t h e  c losed  p o t  and might prevent  blow h ~ l e s  a t  t h e  completion 

of t h e  weld. We d o n ' t  know y e t  i f  t h i s  w i l l  be  a problem, b u t  it w i l l  be 

i n v e s t i g a t e d  dur ing  t h e  Lockheed mechanical program. 

The Rocketdyne group was most coopera t ive  dr;rlng t h e  v i s i t  and o f -  

f e r e d  t o  send us  d e t a i l e d  p r i n t s  of t h e i r  remote equipment. We will. 

r eques t  t h e s e  p r i n t s  if t h e  dec i s ion  i s  made t o  proceed wi th  t h e  p o t  

welding program. 
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