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FEASIBILITY STUDY OF REMOTE CUTTING AND WELDING 
FOR NUCLEAR PLANT MAINTENANCE 

. P e t e r  P .  Holz 

ABSTRACT 

When r e a c t o r s  and r e l a t e d  systems r e q u i r e  maintenance 
and r e p a i r s  on h ighly  r ad ioac t ive  components, t h e r e  i s  an 
important need f o r  remotely con t ro l l ed  equipment t o  remove 
and r ep lace  p a r t s  of t h e  nuc lear  systems. Remote c u t t i n g  
and welding can be va luable  techniques f o r  component rep lace-  
ment as w e l l  as f o r  s e a l i n g  f langes  and v e s s e l  c l o s u r e s .  
Welding o f f e r s  very a t t r a c t i v e  advantages: j o i n t s  can be  
made l e a k t i g h t ,  j o i n t  conf igu ra t ions  r equ i r e  less c e l l  space 
than  f langed j o i n t s ;  and t h e  l o c a t i o n s  of j o i n t s  can be 
changed comparatively e a s i l y ,  i f  necessary.  

I n  seeking equipment which could be adapted t o  remotely 
con t ro l l ed  opera t ion  f o r  r e a c t o r  maintenance, ORNL se l ec t ed  
t h e  A i r  Force " o r b i t a l  veh ic l e"  cut-and-weld system as 
c u r r e n t l y  be ing  most promising f o r  f u r t h e r  development t o  
meet nuc lea r  system requirements .  The concept of an o r b i t a l  
veh ic l e  equipment system f o r  automated pipe work o r ig ina t ed  
i n  1964 at  t h e  Rocket Propuls ion Laboratory of t h e  A i r  Force 
Systems Command a t  Edwards A i r  Force Base. The development 
of t h i s  system w a s  performed i n  conjunct ion with North American 
Rockwell Corporation, Los Angeles Divis ion,  who designed, 
b u i l t  and t e s t e d  i n i t i a l  models. ORNL has  s t a r t e d  t o  modify 
and adapt t h e  o r b i t a l  design f o r  completely remote work 
a p p l i c a t i o n s .  

The o r b i t a l  system inc ludes  a car r iage ,  in te rchangeable  
modules f o r  machining or tungs ten-arc  welding, a w e l d  programmer, 
and a convent ional  power supply.  The working u n i t  i s  q u i t e  
compact, about 4 i n .  t h i c k  i n  r a d i a l  dimension x 10 1/2 i n .  
long, designed t o  be clamped around a p ipe .  

To da te ,  w e  have completed t h e  d e t a i l e d  drawings f o r  
f a b r i c a t i o n  of t h e  pro to type  o r b i t a l  system and have procured 
a l l  t h e  components f o r  i n i t i a l  non-nuclear t es t s  of t h e  
equipment. We have demonstrated t h e  fol lowing ope ra t ions  
by remote c o n t r o l  methods t h a t  were gene ra l ly  s a t i s f a c t o r y :  
clamping of t h e  c a r r i a g e  on t h e  pipe,  c u t t i n g  and bevel ing  
wi th  one o r b i t a l  head, changing heads, and performing f i l l e r  
pass  welding ope ra t ions .  
j o i n t  p repa ra t ion  and alignment were requi red  t o  achieve 
acceptab le  roo t  pass  welding without t h e  a d d i t i o n  of weld 
i n s e r t s .  These requirements were t h e  most d i f f i c u l t  t o  
meet with t h e  o r b i t a l  equipment, and roo t  pass  welding gave 
t h e  most t r o u b l e .  However, an a l t e r n a t e  method of roo t  pass  

We ns ted  t h a t  nea r ly  p e r f e c t  p ipe  
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welding gave good r e s u l t s  when j o i n i n g  su r faces  were machined 
t o  provide e x t r a  metal on one i n s i d e  p ipe  edge and were given 
a fus ion  welding without f i l l e r  wire on t h e  r o o t  pas s .  These 
weldments showed f u l l  pene t r a t ion  and exce l l en t ,  even bead 
shape a l l  t h e  way around t h e  p ipe .  I n  a l l  cases ,  t h e  subse- 
quent f i l l e r  passes  were made e a s i l y  and were of good q u a l i t y .  
Since welding v a r i a b l e s  such as t r a v e l  speed, cu r ren t ,  wire 
feed r a t e ,  a r c  vol tage,  and a r c  c o n t r o l  vo l tage  a l l  a f f e c t  
weld q u a l i t y ,  it was observed dur ing  t h e  t e s t s  t h a t  weld 
d e f e c t s  could o f t e n  be de tec ted  as they  occurred by no t ing  
t h e  p i p s  on recorder  c h a r t  t r a c e s .  

The r e p o r t  desc r ibes  f a c t o r s  involved i n  r a d i o a c t i v e  
system maintenance, summarizes some previous work on remote 
maintenance development, and exp la ins  how t h e  automated 
o r b i t a l  c u t t i n g  and welding machinery system may overcome 
problems t h a t  have been encountered i n  nuc lear  r e p a i r  work. 
Progress  of the f e a s i b i l i t y  study t o  d a t e  i s  summarized, 
inc luding  d e s c r i p t i o n s  of t h e  pro to type  equipment and t h e  
r e s u l t s  of machining and welding t e s t s .  
a d d i t i o n a l  requirements f o r  development t o  provide f u l l y  
remote opera t ions  and c o n t r o l s  and proposes a long range 
program f o r  development of a complete remote maintenance 
system f o r  r ad ioac t ive  system equipment replacement by 
c u t t i n g  and welding. 

The r e p o r t  desc r ibes  
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SECTION A 

1. MAINTENANCE PHILOSOPHY 

1.1 In t roduc t ion  

I n  t h e  design,  development, and t e s t i n g  of molten salt r e a c t o r s  a t  
t h e  Oak Ridge Nat iona l  Laboratory, t h e  need f o r  remote welding equipment 
was encountered. However, t h e  development of r e a c t o r  des igns  which in -  
c lude p rov i s ions  f o r  maintenance by remote welding l o g i c a l l y  r e q u i r e s  
t h a t  a welding process  be proven feasible be fo re  t h e  des ign  s t u d i e s  are 
completed. S imi la r ly ,  t h e  c a p a b i l i t y  f o r  remote welding must be f u l l y  
developed be fo re  a l a r g e  r e a c t o r  i s  designed on t h e  b a s i s  of maintenance 
methods which r e q u i r e  remote welding. The p o t e n t i a l  of remote welding 
f o r  saving t i m e  i n  r ep lac ing  r e a c t o r  system components and f o r  producing 
more r e l i a b l e  j o i n t s  and seals was recognized, and f e a s i b i l i t y  s t u d i e s  
of remote welding were s t a r t e d  as p a r t  of t h e  Molten S a l t  Reactor  Program. 
From d i scuss ions  of remote maintenance with t h e  des igners ,  b u i l d e r s ,  and 
ope ra to r s  of o t h e r  r eac to r s ,  it has become clear t h a t  t h e  s p e c i a l  welding 
equipment and techniques t h a t  have been devised on many occasions for 
s p e c i f i c  r e p a i r  or replacement jobs  are not  gene ra l ly  app l i cab le .  There 
i s  s t rong  i n t e r e s t  i n  a por tab le ,  remotely con t ro l l ed  welding system 
t h a t  would be gene ra l ly  app l i cab le  i n  r e a c t o r  maintenance and r e p a i r  
work. A re l iable ,  automated system t o  produce h igh-qual i ty  welds, even 
without remote con t ro l s ,  would be welcomed by t h e  r e a c t o r  b u i l d e r s ,  who 
r e p o r t  cons iderable  d i f f i c u l t y  i n  ob ta in ing  q u a l i f i e d  welders and i n  
achiev ing  acceptab le  weld q u a l i t y  on f i e l d  work a t  t h e  cons t ruc t ion  s i t e .  
U s e  of automated systmes f o r  cons t ruc t ion  welding would a l s o  g ive  conf i -  
dence and experience which would he lp  t h e  a p p l i c a t i o n  of remotely con t ro l -  
l ed  u n i t s  i n  maintenance and r e p a i r  work. 

The problems of maintenance and r e p a i r  on r e a c t o r  systems after 
ope ra t ion  has  b u i l t  up t h e  r a d i a t i o n  l e v e l s  are important and widespread-- 
no r e a c t o r  i s  immune. The need f o r  remote welding equipment has been 
recognized by r e a c t o r  des igners ,  b u i l d e r s  and opera tors ;  b u t ,  t o  d a t e  
t h e r e  i s  no remote welder t h a t  can be used for gene ra l  p ipe  and seal 
welding app l i ca t ions ,  a l though s p e c i a l  purpose devices  have been em- 
ployed f o r  some r e a c t o r  maintenance jobs .  

Automatic welding equipment is  be ing  used today f o r  many a p p l i -  
c a t i o n s .  Some of t h e  automatic  welding methods and equipment seem 
w e l l  s u i t e d  t o  development f o r  remote welding. I n  p a r t i c u l a r ,  a n  au to-  
mated pipe-welding appara tus  developed by North American Avia t ion  f o r  
t h e  A i r  Force showed promise f o r  remote c o n t r o l  a p p l i c a t i o n s  i n  nuc lea r  
r e a c t o r  systems. 

I n  a l l  r e a c t o r  systems maintenance must be performed by some method 
whenever t h e  need arises. If it could be accomplished with r e l i a b i l i t y  
a t  reasonable  cos t ,  completely remote maintenance would be p re fe r r ed ,  
because,  it reduces personnel  r a d i a t i o n  exposures and s i m p l i f i e s  t h e  
problems of decontamination p r i o r  t o  undertaking t h e  maintenance opera- 
t i o n s .  Remote welding o f f e r s  g r e a t  promise f o r  gene ra l  a p p l i c a t i o n  i n  



t h a t  almost any p a r t  of a r e a c t o r  system which might f a i l  can be c u t  ou'; 
arid replaced i f  equipment i s  a v a i l a b l e  f o r  remote c u t t i n g  and rewelding. 

With f i r s t -o f - a -k ind  r eac to r s ,  it i s  necessary t o  t e s t  t h e  des igns  
us ing  mock-ups of t h e  more complicated systems and components. If,  a t  
t h i s  stage, t h e  a b i l i t y  t o  perform remote mainteriance can be t e s t e d  on 
t h e  mock-ups, t h e  f i n a l  design can be demonstrated t o  be f u n c t i o n a l l y  
sound and capable  of be ing  maintained. The s a t i s f a c t o r y  performance of 
remote handl ing devices  and techniques can be proved i n  mock-up tes ts ,  
g iv ing  increased confidence i n  t h e i r  r e l i a b i l i t y  and provid ing  t r a i n i n g  
i n  maintenance techniques which w i l l  reduce downtime. 

It i s  recognized t h a t  provisioris f o r  remote c o n t r o l  removal and r e -  
placement of a l l  components of a r e a c t o r  system would be p r o h i b i t i v e l y  
expensive.  I n  p r a c t i c e ,  t he re fo re ,  t h e  degree of ease  provided t o  accom- 
p l i s h  remote maintenance depends upon t h e  a n t i c i p a t e d  frequency of main- 
tenance on each component. A r e a c t o r  v e s e l  designed f o r  a 30-year 
maintenance-free l i f e  w i l l  hopefu l ly  r e q u i r e  no remote maintenance equip- 
ment. Pumps, valves ,  cold t r a p s  arid o the r  items which f a i l  or need main- 
tenance more f r equen t ly  may j u s t i f y  r a t h e r  e l abora t e  remote c o n t r o l  
devices  t o  speed up and make more reliable t h e  ope ra t ions  of maintenance 
and replacement.  If por t ab le  remote welding equipment can be proved 
workable, even a l r eady-bu i l t  r e a c t o r s  not designed f o r  remote maintenance 
may r ece ive  many of t h e  b e n e f i t s .  

I n  October 1968, a d r a f t  of t h e  "Code f'or Inse rv ice  Inspec t ion  of 
Nuclear Reactor Coolant Systeins" was developed under t h e  sponsorship of 
t h e  American Socie ty  o f  Mechanical Sngineers  arid t h e  AEC. The Committee 
which prepared t h e  draf t  of t h e  Code nated t h a t  " recogni t ion  w a s  g iven 
t o  t h e  problems of examining r ad ioac t ive  areas where human access  i s  i m -  
poss ib le ,  and p rov i s ions  are incorporated i n  t h e  Code f o r  t h e  examination 
of such areas by remote means which a r e  not  y e t  f u l l y  developed." The 
Code c l e a r l y  shows t h a t  welds a r e  considered t o  be of prime importance 
amont t h e  areas requ i r ing  in spec t ion .  The g e n e r a l  need f o r  remote c u t t i n g  
and welding equipment which can r e p a i r  f l a w s  d i sc losed  by t h e  in spec t ions  
i s  given emphasis by t h e  c r i t e r i a  speLled out  i n  t h e  Code. 

1.2 Approaches t o  Maintenance 

Components which f 'a i led or developed t r o u b l e  af ter  r a d i o a c t i v i t y  
The methods l e v e l s  had b u i l t  up have been repa i red  i n  many r e a c t o r s .  

employed i n  :flaking r e p a i r s  have inva r i ab ly  been make-shift  i n  terms of 
equipment, t echniques  acd procedures because s tandard equipment f o r  r e -  
mote maintenance i s  not  a v a i l a b l e .  There seem t o  have been two gene ra l  
approaches t o  r e a c t o r  system maintenance: Where poss ib l e ,  f loodirig with 
water has  been used t o  provide r a d i a t i o n  s h i e l d i n g  while s t i l l  a l l o w h g  
v i s i b i l i t y  and mobi l i ty .  I n  o the r  cases  po r t ab le  o r  temporary s h i e l d s ,  
u sua l ly  lead ,  have been employed t o  p r o t e c t  workers who must e n t e r  
r a d i a t i o n  f i e l d s .  The methods have been combined at times. 

Y 
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1 .2 .1  Some Examples of Maintenance Methods 

The Gas-Cooled Reactor Experiment i n  Idaho w a s  f looded with water 
and r epa i r ed  by d i v e r s  working underwater t o  break  and remake f l ange  
j o i n t s  i n  r ep lac ing  s e c t i o n s  of two cool ing  water l i n e s .  Two d i v e r s  
worked 112 hours i n  making t h e  r e p a i r s .  No welding was involved. 
Radia t ion  exposures were about 400 t o  600 m r  f o r  t h e  workers '  bodies  
and about 50% more f o r  t h e i r  hands. 1 

Divers  were a l s o  used i n  making r e p a i r s  t o  t h e  core  support  p l a t e  
and t h e  f u e l  channels of t h e  Big Rock Poin t  b o i l i n g  water r e a c t o r .  Th i s  
work involved b o l t i n g  p i eces  i n  p l ace  and not  welding. Later, r e p a i r  
work on t h e  thermal  s h i e l d  of t h e  same r e a c t o r  was performed underwater 
with long-handled t o o l s  and t e l e v i s i o n  viewing. A t  t h i s  t i m e ,  t h e  r ad ia -  
t i o n  levels had increased,  dur ing  a d d i t i o n a l  r e a c t o r  opera t ion ,  t o  t h e  
po in t  where t h e  use of d i v e r s  aga in  could no t  be considered.  The under- 
water maintenance opera t ions  involved some machining work and included 
seal welding of a l l  nu t s  and keepers.a '"  

The D r e s d e n - l b o i l i n g  water r e a c t o r  experienced a number of c racks  
i n  welds which were repa i red  by d i r e c t  work from behind a lead  s h i e l d  
with a l ead  p ipe  t o  p r o t e c t  t h e  worker 's  hand and arm. 
a small hole  i n  t h e  lead  p ipe  t o  a l low movement of t h e  welding head, 
workers were p ro tec t ed  as much as poss ib l e  dur ing  t h e i r  working t i m e  
i n s i d e  t h e  r a d i a t i o n  zone. Even so, more than  50 welders had t o  be 
c a l l e d  upon so t h a t  no person would have t o  work i n  t h e  r a d i a t i o n  f i e l d  
long enough t o  r ece ive  an overexposure t o  r a d i a t i ~ n . ~ ' ~  

By having j u s t  

v 

On t h e  BONUS b o i l i n g  water, nuc lear  superheat  r eac to r ,  O a k  Ridge 
suppl ied  a welder t o  work on t h e  superhea ter  steam pip ing .  With some 
water s h i e l d i n g  and a lead  box f o r  t h e  worker, welds were made d i r e c t l y  
on t h e  tubes .  6 

The b o i l i n g  water r e a c t o r  of t h e  Oyster Creek Nuclear Power P lan t  
w a s  found t o  have c racks  i n  f i e l d  welds  on t h e  tubes  f o r  t h e  c o n t r o l  rod 
d r i v e s  .7 

been opera ted .  Nevertheless  a one-year de lay  r e s u l t e d  from t h e  t i m e  re- 
qui red  t o  diagnose t h e  problem and i t s  e x t e n t  and t o  prepare  t o  make t h e  
necessary r e p a i r s ,  even though remote c o n t r o l  ope ra t ions  were not  neces- 
sary. Similar c racks  have been found, a l s o  be fc re  opera t ions  s t a r t e d ,  
i n  t h e  b o i l i n g  water r e a c t o r s  f o r  t h e  Nine-Mile Poin t  Power P l a n t  of 
Niagara Mohawk and t h e  Tarapur Nuclear Power S t a t i o n  i n  I n d i a .  
c racks  no t  been discovered before  opera t ions  s t a r t e d ,  t h e  job  of f i x i n g  
them would have involved long shut-downs. 

Fo r tuna te ly  t h e  c racks  w e r e  discovered be fo re  t h e  r e a c t o r  had 

Had t h e s e  

For work on t h e  c a l a n d r i a  of the Sodium Graphi te  Reactor,  Atomics 
I n t e r n a t i o n a l  developed a remotely con t ro l l ed  c u t t i n g  and welding system. 
Bench tes ts  were promising f o r  spec ia l i zed  welding on t h e  SGR ca landr i a ,  
which t h e  remote welder was s p e c i f i c a l l y  designed t o  f i t ;  however, t h e  
r e a c t o r  p r o j e c t  w a s  terminated and t h e  equipment w a s  never used i n  a 
r a d i a t i o n  f i e l d  .' 
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A remote welder w a s  ren ted  from Atomics I n t e r n a t i o n a l  t o  make weld 
r e p a i r s  on t h e  tube-to- tube shee t  welds of t h e  steam gene ra to r  of t h e  
Fermi sodium-cooled, fast r e a c t o r .  Th i s  machine w a s  used t o  make 1200 
w e l d s ,  t a k i n g  45 see  per  

The Dounreay Fas t  Reactor developed a s m a l l  l e ak  i n  a sodium coolant  
o u t l e t  pipe near  t h e  r e a c t o r  v e s s e l .  The r e a c t o r  w a s  down f o r  one year  
t o  l o c a t e  and r e p a i r  t h e  leak.' ' 
done d i r e c t l y  us ing  a lead sh ie ld ,  bu t  a s p e c i a l  remote welding gadget 
w a s  designed and b u i l t  f o r  rewelding t h e  p ipe  . 1 2 , 1 3  Welders received 
t h e i r  t h r e e  months' r a d i a t i o n  exposure l i m i t  i n  s i x  hour s '  working t ime.  
Problems were encountered i n  obta in ing  s k i l l e d  welders t o  do t h e  job .  

The c u t t i n g  of t h e  leak ing  s e c t i o n  was 

The H a l l a m  sodium-graphite r e a c t o r  used an automated remotely con- 
t r o l l e d  welder i n s i d e  a hot  c e l l  t o  seal  weld t h e  con ta ine r s  f o r  spent  
fue l  e lements .  Manipulators are used t o  opera te  t h e  remote welding 
appa ra tus .  1 4  

1 . 3  Remote Maintenance Considerat ions 

I n  genera l ,  r ad ioac t ive  r e a c t o r  system components are interconnected 
with l a r g e  p ipes  which must be disconnected and r e jo ined  when components 
are rep laced .  Also l a r g e  v e s s e l  access  openings must be opened for Ln- 
spec t ion  and replacement of i n t e r n a l s  arid then  r e s e a l e d .  Flanges with 
mechanical seals and remote welding are two poss ib l e  methods of r e j o i n i n g  
p ipe  o r  c los ing  v e s s e l  openings.  Some o f  t h e  cons ide ra t ions  which a f f e c t  
t h e  choice of t h e  appraach are given below. More d e t a i l e d  d i scuss ions  on 
weld j o i n t  maintenance are included i n  Sec t ion  B.  

1 .3 .1  Equipment Location f o r  Maintenance 

TO b e  b e s t  s u i t e d  f o r  remote maintenance, r e a c t o r  components and 
p ip ing  should be phys ica l ly  loca ted  so as t o  permit  access  from above 
f o r  removal and replacement ope ra t ions .  This ,  however, imposes r a t h e r  
severe  r e s t r i c t i o n s  on layout  s ince  it v i r t u a l l y  e l imina te s  s t ack ing  of 
equipment wi th in  a c e l l .  Therefore ,  i f  c e l l  space savings from s t ack ing  
of components a r e  t o  be achieved, cons ide ra t ion  must be g iven  t g  t h e  pre-  
d i c t e d  frequency of'rnaintenance an any s p e c i f i c  assembly of piFing arid 
components so t h a t  t h e  most f r equen t ly  worked-on assemblies w i l l  be placed 
i n  t h e  most r e a d i l y  a c c e s s i b l e  l o c a t i o n s .  The des igner  t h u s  provides  
u n r e s t r i c t e d  overhead access  on a f i r s t  p r i o r i t y  basis f o r  t h e  components 
needing maintenance on a r e g u l a r l y  scheduled basis, and then  provides  
access  f o r  a n t i c i p a t e d  " t rouble  area" work. When t h i s  has been done: 
remote methods can be employed most e f f e c t i v e l y  t o  reduce t h e  c o s t  and 
increase  t h e  r e l i a b i l i t y  of maintenance ope ra t ions .  

1 .3 .2  Mechanical J o i n t  Considerat ions 

a.  A l l  r e a c t o r  system j o i n t s  must be l e a k - t i g h t  t o  prevent  t h e  
out leakage of  coolant  and r a d i o a c t i v i t y  or t h e  in- leakage of 
e x t e r n a l  gases  which might contaminate t h e  contained f l u i d .  
Furthermore, some of t h e  r e a c t o r  coolan ts  become very co r ros ive  
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when exposed t o  atmospheric oxygen or moisture .  An i n e r t  gas 
b u f f e r  between t h e  gas or l i q u i d  i n  t h e  p ipes  and t h e  atmosphere 
i s  sometimes employed, a t  s l i g h t l y  higher  pressure,  t o  assure  
that mechanical j o i n t s  a r e  e f f e c t i v e l y  leak  t i g h t .  
seal i s  so  important f o r  t h e  i n t e g r i t y  of t h e  system, t h e  equip- 
ment which maintains  t h e  overpressure must be e x t r a  r e l i a b l e .  

Since t h i s  

b .  Any mechanical seal r e q u i r e s  l a r g e  f o r c e s  t o  keep t h e  s e a l i n g  
su r faces  i n  contac t  during a l l  excursions of system tempera- 
t u r e  and pressure .  
use r i n g s  i n  grooves r equ i r e  a c e r t a i n  minimum f o r c e  t o  main- 
t a i n  t h e  seal. 
axial and bending s t r e s s e s  t r ansmi t t ed  through t h e  p ipe .  
are acceptab le  clamping and b o l t i n g  methods f o r  providing t h i s  
s t r e n g t h  where t h e  j o i n t  i s  not subjected t o  l a r g e  thermal  
stresses which deform t h e  r i n g  s e a l ,  or t o  h igh  temperatures  
which m i g h t  annea l  t h e  clamps. 
temperatures  (1000 t o  1500°F) of  advanced r e a c t o r  systems make 
s a t i s f a c t o r y  b o l t i n g  o r  clamping a d i f f i c u l t  problem. 

A s  a n  example, t h e  s o l i d  metal  s e a l s  which 

Addi t iona l  s t r e n g t h  i s  needed t o  r e s i s t  t h e  
There 

Unfortunately,  t h e  higher  

c.  I n  h igh- rad ia t ion  f i e l d s ,  t h e  f langed j o i n t s  must be operated 
and maintained by remote means. 
b o l t s  o r  bulky clamps by remote con t ro l ,  of removing t h e  component 
without damaging t h e  j o i n t ,  inspec t ing  and c leaning  t h e  p rec i s ion  
seal sur faces ,  i n s t a l l i n g  t h e  pol ished r i n g  undamaged, i n s t a l -  
l i n g  t h e  new component, a l i g n i n g  t h e  j o i n t ,  remaking t h e  clamp, 
and l eak  checking t h e  seal. 
encountered i n  remote welding, a l s o .  When a mechanical j o i n t  
leaks,  t h e  maintenance crew has a choice of r e p a i r  by t i g h t e n i n g  
t h e  j o i n t  o r  by rep lac ing  t h e  r i n g  with one p l a t ed  with a s o f t  
metal such as gold.  

There a r e  problems of opera t ing  

Some of t hese  problems would be 

d .  For replacement by welding or by f langed connections,  a l l  j o i n t s  
connecting t h e  component i n t o  t h e  system must be i n  proper a l i g n -  
m e n t  before  b o l t i n g  o r  clamping. 
cyc l ing  t h a t  occurs i n  any p l a n t  may r equ i r e  awkward placement 
of t h e  j o i n t  and a complicated i n s t a l l a t i o n  sequence as t h e  new 

previous ly  e s t ab l i shed  l o c a t i o n s  w i l l  r equ i r e  c a r e f u l  measure- 
ment by remote means t o  determine t h e  exact  l oca t ion  of t h e  in -  
c e l l  j o i n t  so t h a t  adjustments can be made t o  a l i g n  t h e  new 
component. A mechanical j o i n t  does not  permit much margin f o r  
e r r o r  i n  alignment and f i t t i n g  a f t e r  t h e  component i s  i n  t h e  
c e l l ,  wherea:, with a welded j o i n t ,  i n - c e l l  machining of mating 
su r faces  could be used t o  c o r r e c t  c e r t a i n  misalignments.  

Warpage during t h e  thermal  

~ component is  brought i n t o  t h e  f i n a l  p o s i t i o n .  The changes i n  

Welded J o i n t  Closure Considerat  ions  

a. I n  j o i n i n g  pipes ,  welding can be  used e i t h e r  t o  provide a f u l l  
s t r eng th ,  f u l l  pene t r a t ion  welded j o i n t ,  or t o  provide a s e a l  
around a gasketed f lange  j o i n t .  Most f u l l - s t r e n g t h  weld 
c l o s u r e s  r equ i r e  mult i -pass  welds which are d i f f i c u l t  t o  make. 



Yet t h e s e  all-welded j o i n t s ,  t o  be l e a k t i g h t ,  must be metal- 
l u r g i c a l l y  sound. J o i n t  alignment, purge gas,  weld a r c ,  and 
weld metal feed v a r i a b l e s  w i l l  a f f e c t  bead shapes and weld 
q u a l i t y .  These v a r i a b l e s  a r e  discussed i n  more d e t a i l  i n  
Sec t ion  B .  

b.  Numerous problems t h a t  are a s soc ia t ed  wi th  t h e  in spec t ion  of 
welds are not  encountered 3r a r e  less severe wi th  f langed 
j o i n t s .  It i s  an accepted f a c t  t h a t  welds must be thoroughly 
and proper ly  inspected t o  a s su re  j o i n t  i n t e g r i t y .  Nuclear 
p l a n t  weld q u a l i t y  requi renents  exceed t h e  s p e c i f i c a t i o n s  for 
convent ional  steam power p l a n t s .  Weld in spec t ion  techniques  
must work i n  high r a d i a t i o n  backgrounds which make normal 
radiogrzphy impossible .  Inspec t ion  equipment manipulat ions 
must be c o n t r o l l a b l e  from remote l o c a t i o n s  and viewing i s  
poss ib l e  only by i r id i rec t  means. In spec t ing  with magnetic 
f i e l d s ,  or charged p a r t i c l e  beams, gene ra l ly  i s  unsu i t ab le  
t o  nuc lear  p l a n t  m a t e r i a l s  and/or cond i t ions .  
i n spec t ion  has shown promise, although much more must be done 
t o  adapt  u l t r a s o n i c  techniques t o  remote work. The P a c i f i c  
N o r t h w e s t  Laboratory has proposed an ultrasonic i n spec t ion  
development program f o r  the  FFTF. Another u l t r a s o n i c  inspec-  
t i o n  development program i s  be ing  sponsored by iridustry 
through t h e  Edison E l e c t r i c  I n s t i t u t e ,  arid i s  beirig conducted 
under subcontract  a t  t h e  S x t h w e s t  Research I n s t i t u t e ,  Hous:on, 
Texas. 

U l t r a son ic  

15 

c .  Preweld j o i n t  p repa ra t ion  requi red  f o r  remote welding involves  
accura te ,  a x i a l l y  square p r e c u t t i n g  of t h e  j o i n t ,  matching of  
t h e  r e spec t ive  i n s i d e  and (outside diameters  a long  wi th  pre-  
c i s i o n  alignment of t h e  p ige  s tub  t o  be  welded, arid poss ib l e  
rebevel ing  t o  ob ta in  acceptable  alignment of mating j o i n t  
members. It i s  imperat ive t h a t  a thorough c leaning  of t h e  
pipe i n t e r i o r  a t  t h e  jo i i i t  area precede a l l  work, and t h a t  
utmost ca re  be  taken  t o  coxple te ly  remove a l l  weld p repa ra t ion  
c u t t i n g s  which might damage pumps, valves ,  e t c . ,  i f  allowed t o  
remain i n  t h e  system and c i r c u l a t e  with t h e  f l u i d .  Wire b r s h i n g  
and so lvent  c leaning  may a l s o  be requi red  t o  prepare  t h e  weld  
area. 

d .  Repairs  t o  f a u l t y  reweld j o i n t s  a r e  equa l ly  d i f f i c u l t .  The 
previous ly  descr ibed in spec t ion  and c leaning  requirements 
apply t o  rewelding a l s o .  
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2.  HISTORY OF REMOTE WELDING 

2 . 1  Background 

Attempts t o  develop automated remote welding systems f o r  use i n  
nuc lear  work have been pursued, of'f and on, f o r  more than  t e n  y e a r s .  
Most of t h e  e f f o r t s ,  inc luding  some at ORNL, were on a s m a l l  s c a l e .  
Limited f ind ings  from t h e  earliest  remote welding work formed t h e  
background f o r  t h e  Pennsylvania Advanced Reactor (PAR) maintenance 
welding development program. 

2 .2  The Pennsylvania Advanced Reactor Program 

The Pennsylvania Advanced Reactor (PAR) w a s  planned i n  t h e  mid 
1950's t o  use a c i r c u l a t i n g  aqueous s l u r r y  f u e l  p re s su r i zed  t o  1000 
p s i .  The high-pressure system requi red  e x t r a  ca re  i n  f a b r i c a t i o n  t o  
avoid l eaks  and a l s o  placed a premium on be ing  able t o  r e p a i r  l eaks  
t h a t  developed. It w a s  recognized t h a t  c i r c u l a t i n g  f u e l  would inc rease  
t h e  r a d i a t i o n  l e v e l s  i n  t h e  r e a c t o r  system areas and would make com- 

@ete ly  remote maintenance a n e c e s s i t y .  

I n  planning t h e  PAR,16 Westinghouse s p e c i f i e d  remote welding as 
t h e  mandatory method f'or performing maintenance on t h e  r e a c t o r  p l a n t .  
Alkhough c e r t a i n  phases of t h e  development program were completed, 
t h e  PAR p r o j e c t  w a s  terminated be fo re  t h e  remote welding techniques  
were ever  demonstrated i n  an  opera t ing  r e a c t o r  system. A tube-plugging 
procedure had been devised t o  use remote welding i n  main ta in ing  t h e  
system genera tor ;  t h e  p lug  w a s  t:, be i n s e r t e d  i n t o  t h e  tube  and welded 
t o  t h e  tube  s h e e t .  A f l ange  on t h e  plug provided t h e  meta l  f o r  t h e  
weld and a l s o  covered t h e  leak  pa th  between t h e  tube  and tube  s h e e t .  

The tungs ten-arc  welding process  w a s  s e l ec t ed  by t h e  PAR group f o r  
remotely b u t t  welding j o i n t s  i n  t h e  f i x e d  p ip ing .  To s impl i fy  equipment, 
it w a s  decided t h a t  each remote welding head would be designed t o  f i t  no 
more than  two p ipe  s i z e s .  A con t r ac t  had been negot ia ted  wi th  a man'i- 
f a c t u r e r  of welding equipment t o  improve an e x i s t i n g  machine t o  permit 
continuous r o t a t i o n  welding with 100 percent  a r c  t i m e ,  with automatic  
and complete c o n t r o l ,  and with completely dependable weld q u a l i t y .  A 
pro to type  model of t h e  machine with f u l l y  automatic c o n t r o l s  showed 
promise i n  bench tes ts ,  bu t  it w a s  not  equipped f o r  remote work. Also, 
t h e  machine needed f u r t h e r  development t o  be  s u f f i c i e n t l y  r e l i a b l e  f o r  
remote maintenance work. 

2 .3  The Atomics In5ernat  iorial  Program 

During t h e  1960k, Atomics I n t e r n a t i o n a l ,  now a Divis ion  of North 
American Rockwell Corporation, developed and pe r fec t ed  a number of au to-  
mated welding systems. Some were remotely con t ro l l ed  f o r  work i n  con- 
nec t ion  with A E C ' s  sodium-cooled r eac to r s ;  o t h e r s  were automated, bu'; 
no t  remotely con t ro l l ed ,  f o r  space program requirements and for t h e  
shop f a b r i c a t i o n  of hea t  exchangers and tub ing  systems f o r  c i v i l i a r i  
power r e a c t o r s .  While much of t h e i r  work w a s  concentrated on pmduc t ion  
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welding opera t ions  i n  shop f a b r i c a t i o n ,  A I  a l s o  developed advanced 
remote welding technology f o r  s p e c i f i c  app l i ca t ions ,  such as i n t e r n a l  
tube welding f o r  steam genera tor  f a b r i c a t i o n ,  deep-hole welding f o r  
work on t h e  ca l andr i a  of t h e  sodium-graphite r eac to r ,  and s e a l  welding 
t h e  con ta ine r s  f o r  nuc lear  f u e l  canning. 

I n t e r n a l  welding equipment makes tube-to- tube-sheet  welds and a l s o  
tube-to- tube welds, with t h e  welding head loca ted  i n s i d e  t h e  tube .  A I ' S  
au tomat i ca l ly  programmed system was developed f o r  f a b r i c a t i o n  of high- 
temperature,  high-pressure modular steam genera tor  j o i n t s  f o r  t h e  Sodium 
Component Tes t  I n s t a l l a t i o n .  It d i d  not opera te  by remote control. ' '  

Deep-hole welding equipment w a s  developed as an  ex tens ion  of i n t e r n a l  
welding technology t o  permit remote removal and replacement of process  
tube  and a s soc ia t ed  g raph i t e  log  assemblies from t h e  Sodium Graphi te  
Reactor Calandria  Core. Blind c u t t i n g  and T I G  rewelding were accomplished 
by remote c o n t r o l  equipment reaching as far  as 40 f t  through a b i n . -  
inside-diameter  t ube .  8 

The seal welding of spent  f u e l  i n  cans w a s  performed i n  a manipu- 
14 l a t o r  c e l l  at Hallam. 

2 . 4  S t a t e  of t h e  A r t  Survey 

Seeking information on remote maintenance equipment and techniques  
t h a t  might be app l i cab le  t o  molten sal t  r e a c t o r s ,  ORNL conducted a 
survey e a r l y  i n  1968 t o  determine t h e  s ta te  of t h e  a r t .  
placed on remote welding, which was considered t o  be of g r e a t e s t  i n t e r e s t  
f o r  molten salt r e a c t o r  systems. Spec i f i c  i n q u i r i e s  were made about a l l  
development and a p p l i c a t i o n s  of remotely operated,  automated equipment 
f o r  r e a c t o r  system maintenance and r e p a i r s .  Equipment and techniques  
f o r  c u t t i n g  bevel ing,  welding and t e s t i n g  weld q u a l i t y  were p a r t i c u l a r l y  
sought ou t . i7  
do c u t t i n g ,  beve l ing  and welding with one set  up. 

Emphasis w a s  

We s p e c i f i c a l l y  looked f o r  a u t i l i t y  machine t h a t  would 

2.5 Survey Findings 

The survey d i sc losed  a f e w  s p e c i a l l y  designed, automated welding 
assemblies which were remotely con t ro l l ed  by manipulators .  
Nat iona l  Laboratory has performed welding on t h e  complex experimental  
equipment i n s i d e  a hot  c e l l  i n  t h i s  way; a t  H a l l a m ,  Nebraska, Atomics 
I n t e r n a t i o n a l  has  a manipulator  c e l l  equipped f o r  making seal welds on 
con ta ine r s  f o r  spent  f u e l  elements; Aero je t  Corporation a t  Azusa, 
Ca l i fo rn ia ,  used a similar se tup  f o r  canning r ad io i so tope  sources .  
The Electr ic  Boat Company at Groton, Connecticut,  and t h e  Liquid 
Carbonics Company of Chicago, both Div is ions  of  General Dynamics, 
developed an automated welding system €or use on shop f a b r i c a t i o n  
work, without remote c o n t r o l s .  I n  t h e  product ion of components f o r  
submarines, welding i s  being done inc reas ing ly  by t h e  automated 
welding systems (TIG, with weld i n s e r t s  f o r  roo t  p a s s ) .  The Nav 
claims t i m e  and d o l l a r  savings along wi th  supe r io r  weld q u a l i t y .  
It was pointed out by a number of t h e  people interviewed t h a t ,  a t  

Argonne 
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present ,  no one markets automated welding machinery f o r  f i e l d  use,  
a l though t h e r e  are many a p p l i c a t i o n s  where automated equipment would 
be most va luable .  

The fo l lowing  comments from Mr. Richard H .  Freyburg, A s s i s t a n t  
Manager of Operations f o r  Consolidated Edison Company of New York, 
p o i n t  out  some of t h e  reasons why r e a c t o r  b u i l d e r s  have keen i n t e r e s t  
i n  automated welding equipment, even without remote con t ro l s :  

"Industry can not  t a k e  t r a i n e d  nuc lear  welders from s i t e  
t o  s i t e  f o r  r e a c t o r  cons t ruc t ion  because union r e s t r i c t i o n s  
u s u a l l y  permit only one company welder f o r  every 12 welders 
suppl ied by t h e  l o c a l  union. The t r a i n i n g  program f o r  nuc lear  
welders i s  ted ious ;  we're lucky t o  g e t  60% of t h e  new men 
q u a l i f i e d .  Many of those  pass ing  t h e  nuc lear  welding q u a l i f i -  
c a t i o n  tes ts  are not we l l  su i t ed  f o r  cons t ruc t ion  work i n  o t h e r  
r e s p e c t s .  If we  had r e l i a b l e ,  r e l a t i v e l y  simple, automated 
machinery f o r  beve l ing  and welding, we could t r a i n  welders  
faster t o  opera te  t h e  automated equipment and t h e  q u a l i t y  of 
t h e  welds would be better,  with fewer r e j e c t i o n s .  I n  f a c t ,  
automated bevel ing  and welding machines, on construction, could 
be worked around t h e  c lock .  We could even a f f o r d  t o  pu t  on an 
e x t r a  man t o  permitcoflee breaks f o r  t h e  ope ra to r s  and s t i l l  
b e  w e l l  ahead. Furthermore, i f  our  people ga in  confidence i n  
t h e  automated machinery dur ing  cons t ruc t ion  of t h e  r e a c t o r ,  
they w i l l  b e  glad t o  pay t h e  p r i c e  later f o r  a more expensive,  
remotely operated machine f o r  r e a c t o r  maintenance work. My 
most urgent  need i s  f o r  a r e l i a b l e ,  automated welder t h a t  
reduces r e j e c t i o n s  on cons t ruc t ion  f i e l d  work. I11 8 

Maintenance and a s soc ia t ed  program and c o n t r o l  equipment f o r  au to-  
mated welding have not y e t  been s i n p l i f i e d  and made rugged t o  t h e  po in t  
where such systems economically chal lenge manual welding f o r  f i e l d  work. 
Our survey, however, revealed two automated systems which, wi th  modi- 
f i c a t i o n s ,  might be u s e f u l  f o r  remote nuc lear  work. 
v e h i c l e  combination c u t ,  bevel ,  weld ca r r i age  concept" developed and 
t e s t e d  by North American Aviat ion,  Lss Angeles, a Div is ion  of North 
American Rockwell Corporation, under A i r  Force Contract ;  t h e  o t h e r  i s  
8 combination of e i t h e r  Wachs ( E .  H .  Wachs Company, Wheeling, I l l i n o i s )  
or Fein ( P r e s c o t t  Tool Company, West Boylston, Massachuset ts)  p ipe  
c u t t e r s  f o r  c u t t i n g ,  p lus  s p e c i a l l y  automated Dyna-Surge APW S e r i e s  
Systems (Liquid Carbonic Divis ion,  General Dynamics Corporation, Chicago, 
I l l i n o i s )  f o r  welding. The Dyna-Surge system technology o r ig ina t ed  a t  
t h e  E l e c t r i c  Boat Div is ion  of t h e  General Dynamics Corporation and w a s  
1 ~ s e d  for t h e i r  product ion welding i n  submarine work. Dyna-Surge weld 
head assemblies  employ a s t a t i o n a r y  c y l i n d r i c a l  t r a c k ,  clamped around 
t h e  pipe,  with a geared r o t a t i n g  p a r t  on which t h e  e l e c t r o d e  holder  i s  
mounted. Torch support  and t r a v e l  components are similar t o  equipment 
marketedby AB ASEA SVETSMASKINER, t h e  Stockholm, Sweden manufacturer 
t 'cr s p e c i a l  European automated weld machinery, o r  by Clarke,  Chapman 
& Co., Ltd.  of England. Wachs and Fein pipe c u t t e r s  a r e  commongly used 
5.n coal mining opera t ions ,  i n  f a b r i c a t i n g  gas  p l a n t  equipment, i n  

One i s  a n  " o r b i t a l  
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marine salvage work, and i n  production pre-weld pipe end shaping. A 
st i l l  experimental  automatic welding machine f o r  l a r g e  s i z e  overland 
t ransmiss ion  p ip ing  only i s  .being b u i l t  by CRC-CROSE, I n c .  of Houston, 
Texas, and i s  now being t r i e d  out  i n  a f u l l  s c a l e  f i e l d  t e s t  on a 
Coas ta l  S t a t e s  G a s  Producing Company p i p e l i n e  i n  t h e  Southwest .19 

2.6 Continued Need f o r  Remote Welding Development 

There were two fu l l - f l edged  remote welding development programs 
p r imar i ly  assoc ia ted  with r e a c t o r  p ro jec t s ,  t h e  PAR and t h e  SGR, which 
were discont inued before  remote welding equipment w a s  f u l l y  developed. 
Other devices  f o r  remote welding have been b u i l t  and used t o  perform 
s p e c i f i c  jobs  i n  making r e p a i r s  t o  r e a c t o r  systems. 

For a number of years ,  ORNL has  used an automated, remotely 
con t ro l l ed  welding apparatus  i n s i d e  a hot  c e l l  t o  s e a l  rad io iso tope  
source con ta ine r s .  I n  t h i s  case t h e  conta iners  are s m a l l ,  t h e  job 
is  r e p e t i t i v e ,  and t h e  remote welding equipment does not  have t o  be 
moved about wi th in  t h e  c e l l .  I n  genera l  p r a c t i c e ,  r e a c t o r  f u e l  
elements a r e  seal welded i n  thin-wal led conta iners  before  being placed 
i n  t h e  sh ie lded  c a r r i e r  when they are t o  be shipped of f  s i t e .  Th i s  
seal weld i s  usua l ly  made by remotely con t ro l l ed  equipment i n  a hot  
c e l l .  
t imes and p laces  using equipment s p e c i a l l y  adapted f o r  t h e  s p e c i f i c  
job. 
ment has been developed t o  a po in t  where it is  poss ib l e  t o  adapt  com- 
merc i a l ly  a v a i l a b l e  equipment t o  t h e  performance of s p e c i f i c  - and, t o  
da t e ,  f a i r l y  simple - remote welding jobs .  

Other remote welding opera t ions  have been performed at var ious  

The state of t h e  art  seems t o  be t h a t  automated welding equip- 

Although automated welding i s  being used inc reas ing ly  i n  shops 
f o r  a v a r i e t y  of app l i ca t ions ,  t h e r e  a r e  no present  a p p l i c a t i o n s  of 
automated welding t o  nuclear  r e a c t o r  system components be ing  welded 
i n  t h e  f i e l d .  I n  t h e  shop production of components f o r  t h e  nuc lear  
power systems of submarines, automated welding i s  being inc reas ing ly  
used. 

p a s s e s .  
and claims supe r io r  weld q u a l i t y ,  a l s o .  

Weld i n s e r t  r i n g s  a r e  used t o  fus ion  weld Naval. j o i n t  roo t  
The N a v y  r e p o r t s  savings i n  t i m e  and c o s t  ovdr manual welding, 

Needs f o r  remote welding equipment have become more widespread 
and a c t u a l  a p p l i c a t i o n s  of equipment f o r  performing s p e c i f i c  remote 
welding jobs  have become more numerous. To da te ,  however, no one has 
per fec ted  a gene ra l ly  u s e f u l  remote welding system, 
t o  cons ider  why t h e  equipment has  not  been developed t o  da te ,  even 
though a t tempts  have been made, and t o  eva lua te  the  prospec ts  f o r  
success  i f  another  a t tempt  i s  made. 
t a n t  : 

It i s  i n s t r u c t i v e  

The fol lowing f a c t o r s  seem impor- 

1. Limited funding forced previous developers  t o  r e s o r t  t o  
crude con t ro l  and programming equipment and t o  l i m i t  t h e i r  
mechanical designs t o  overs impl i f ied  hardware i tems. 
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3. 

Welding and programmed c o n t r o l  appara tus  of t h e  p a s t  lacked 
pulsed-arc and a r c  length  r egu la t ion ,  i n t eg ra t ed  d i g i t a l  
f u n c t i o n a l  c o n t r o l s  and s o l i d  state devices  f o r  i n s t a n t  
response a c t u a t i o n .  Today ' s  remote c o n t r o l  c a p a b i l i t i e s  
are much more soph i s t i ca t ed  and adaptab le  t o  meeting welding 
q u a l i t y  s p e c i f i c a t i o n s .  

Miniatur ized components and automated welding hardware were 
not  a v a i l a b l e  for a p p l i c a t i o n  i n  t h e  prev ious ly  attempted 
remote welding systems. Welding equipment systems t h a t  have 
been developed r e c e n t l y  for t h e  Nat ional  Aeronaut ics  and 
Space Adminis t ra t ion and for advanced a i r c r a f t  a p p l i c a t i o n s  
are much supe r io r  t o  those  t h a t  were a v a i l a b l e  i n  t h e  earlier 
a t tempts  t o  adapt  equipment for remotely con t ro l l ed  welding 
opera t ions .  
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3. THE SELECTION OF A SYSTEM TO BE DEVELOPED FOR REMOTE MAINTENANCE 

3 .1  "Orbital-Vehicle" System Advantages 

The A i r  Fo rce ' s  o r b i t a l  veh ic l e  machinery developed by North 
American-Rockwell f o r  p ipe  joint-replacement  maintenance o f f e r s  a 
number of advantages f o r  c u t t i n g  and rewelding nuc lea r  p ip ing .  A 
s i n g l e ,  compact c a r r i a g e  propels  interchangeable  heads f o r  c u t t i n g  
o r  welding. Th i s  s i n g l e  se tup  f o r  a l l  phases of r e p a i r  work s impli-  
f i e s  t h e  indexing on t h e  spot  t o  be cu t  and welded and a s s u r e s  r e -  
p e t i t i v e  p rec i s ion  t o o l  alignment.  Equipment s e tup  t ime savings a l s o  
r e s u l t ,  e s p e c i a l l y  where weldment r e p a i r s  might be r equ i r ed .  

The tungs t en  i n e r t  gas (TIG) welding process  which had been used 
by t h e  A i r  Force i n  t h e i r  work with o r b i t a l  machinery w a s  a l s o  chosen 
f o r  i n i t i a l  tes ts  a t  ORNL because it o f f e r s  most promise of meeting 
nuc lea r  weld requirements.  Th i s  process  has s e v e r a l  inherent  charac-  
t e r i s t i c s  t h a t  are e s p e c i a l l y  s u i t a b l e  f o r  remote f ixed -pos i t i on  
welding. TIG welding i s  a low i n e r t i a  process  and i s  r e l a t i v e l y  slow, 
which makes it much easier t o  c o n t r o l  and monitor f o r  h igh  i n t e g r i t y  
welds.  The amount of molten metal a t  any t ime i s  r e l a t i v e l y  s m a l l ,  
c r e a t i n g  a quick- f reez ing  puddle with s u f f i c i e n t  su r f ace  t ens ion  t o  
counterac t  g r a v i t y .  The process  thus  works equa l ly  w e l l  whether t h e  
weld i s  going up -h i l l ,  down-hill o r  h o r i z o n t a l l y .  The a r c  length  of 
t h e  non-consumable e l ec t rode  can be maintained more e a s i l y  than  t h a t  
of  a consumable e l e c t r o d e .  There i s  no f l u x  or s l a g  a s soc ia t ed  with 
t h e  process  t o  r e q u i r e  s p e c i a l  i n t e r p a s s  c leaning,  a l though brushing 
t o  remove t h e  l i g h t  oxide f i l m  i s  d e s i r a b l e .  F i l l e r  wire i s  fed  
d i r e c t l y  i n t o  t h e  weld puddle.  The metal does not  have t o  be t r a n s -  
f e r r e d  i n t o  a molten state ac ross  an e l e c t r i c  a r c ,  an ope ra t ion  t h a t  
sometimes r e s u l t s  i n  s p a t t e r  and uneven bead formations.  A system 
wi th  i n t e g r a l  wire feed  has  t h e  c a p a b i l i t y  t o  complete a weld of 
t h i c k e r  s e c t i o n  than  can be made by autogenous welding. It a l s o  i s  
more l i k e l y  t o  provide s a t i s f a c t o r y  c rack- f ree  weld metal of good 
composition, g r a i n  s i z e  and p o r o s i t y .  TIG equipment can be made 
compact and p o r t a b l e .  

3.2 Future  System Expansion and Modif icat ion P lans  

The o v e r a l l  development program f o r  an automated 
r e a c t o r  maintenance system i s  divided i n t o  two p a r t s ;  
b i l i t y  s tudy and development phase, and f u t u r e  system 
modif ica t ions  a long  t h e  l i n e s  descr ibed below. 

3.2.1 Development of Addi t iona l  Modules 

c u t  -and-weld 
a system feasi- 
expansions and 

The ab i l i t y  t o  change modules on t h e  o r b i t a l  veh ic l e  ca r r i age  
sugges ts  t h a t  development and a p p l i c a t i o n  of a d d i t i o n a l ,  interchangeable  
modular i n s e r t  packages might be t h e  easiest way of accomplishing 
a d d i t i o n a l  func t ions .  Since welding opera t ions  r e q u i r e  s t r i c t  c lean-  
l i n e s s  c o n t r o l  and it i s  important t o  keep ch ips  and d i r t  out of t h e  
process  system, a clean-up module or attachment may be needed. Welding 



16 

r e q u i r e s  t h a t  oxide and dye penet ran t  t e s t  films be removed from bead 
sur faces  before  making a d d i t i o n a l  weld f i l l e r  pas ses .  A modular head 
could be developed t o  apply  so lvent  c l eane r s  and t o  d r i v e  a r o t a r y  
w i r e  brush f o r  phys i ca l ly  c leaning  t h e  we ld .  We p lan  t o  a l s o  develop 
a d d i t i o n a l  modular heads f o r  a welding inspec t ion  package, complete 
wi th  TV camera, d i a l  i nd ica to r s ,  pene t ran t  i n spec t ion  devices ,  e t c .  

3.2 .2  Al te rna te  Carr iage f o r  Seal-Weld Capabi l i ty  

Present  machinery i s  designed f o r  work on p ip ing  only,  with t h e  
c a p a b i l i t y  of prepar ing  j o i n t s  f o r  but t -welding,  and of performing 
t h e  welds.  Inves t iga t ions  have been s t a r t e d  t o  determine whether t h e  
e x i s t i n g  modules a long with t h e  programmer can be used f o r  seal  welding 
a p p l i c a t i o n s .  
about a set  of indexed mating contoured seal l i p s .  Motor propuls ion  
equipment for t h i s  a l t e r n a t e  s e a l - j o i n t  ca r r i age  should be compatible 
with t h e  o r b i t a l  veh ic l e  c a r r i a g e  d r i v e  so t h a t  it can be operated with 
t h e  same c o n t r o l s  and ins t rumenta t ion .  An a l t e r n a t e  approach under 
cons idera t ion  for v e s s e l  seal-weld c losu res  i s  based on a free-swinging 
c a r r i a g e  operated from a r a d i u s  l inkage  at t h e  c e n t e r l i n e  of t h e  opening. 

Such a system may inc lude  a s u b s t i t u t e  c a r r i a g e  t o  "walk" 

3 .2 .3  Development of S p e c i a l  Fea tures  f o r  Nuclear System Appl ica t ions  

A number of a d d i t i o n a l  design modi f ica t ions  w i l l  be  necessary i n  
adapt ing  t h e  p re sen t  A i r  Force machinery t o  provide b e t t e r  i n s t a l l a t i o n  
and opera t ion  c a p a b i l i t i e s  f o r  nuc lear  a p p l i c a t i o n s .  These modi f ica t ions  
w i l l  involve changes t o  pos i t i on ing  and handl ing at tachments  so  t h a t  a l l  
of t h e  equipment can be i n s t a l l e d  and operated from any a v a i l a b l e  over- 
head access .  

The A i r  Force design was modified somewhat be fo re  being used t o  
f a b r i c a t e  a prototype u n i t  f o r  t h e  ORNL f e a s i b i l i t y  s t u d i e s .  The ORNL 
prototype,  l i k e  t h e  A i r  Force equipment, u t i l i z e s  readily-machinable,  
l ight-weight  materials, gene ra l ly  aluminum. Reactor maintenance a p p l i -  
c a t i o n s  w i l l  r e q u i r e  equipment which i s  rugged, i s  a b l e  t o  be decontami- 
nated and r epa i r ed ,  i f  necessary,  while be ing  kept  i n s i d e  a hot  c e l l ,  
and i s  r e s i s t a n t  t o  r a d i a t i o n  an6 h igh  temperatures .  It should be 
p o s s i b l e  t o  incorpora te  materials and t o  develop design modi f ica t ions  
which w i l l  adapt  t h e  system t o  nuc lea r  work without  reducing t h e  proven 
e f f e c t i v e n e s s  of t h e  o v e r a l l  system design o r  ope ra t ions .  
tes ts  with t h e  prototype,  s i g n i f i c a n t  savings i n  t i m e  and money were 
achieved by us ing  u n i t s  t h a t  incorpora te  s tandard i n d u s t r i a l  components 
and m a t e r i a l s .  
development program. The more c o s t l y  u n i t s ,  i nco rpora t ing  s p e c i a l  
m a t e r i a l s  f o r  ease of decontamination and f o r  r e s i s t a n c e  t o  r ad ia t io i t  
arid t o  high temperatures ,  w i l l  only be b u i l t  a f t e r  p re sen t  t es t s  have 
shown complete s u i t a b i l i t y  and performance of t h e  des ign .  For f u t u r e  
machinery systems we  contemplate r e l o c a t i n g  some e l e c t r o n i c  c o n t r o l  
components from t h e i r  p resent  module s t a t i o n s  t o  t h e  programmer, and 
poss ib ly  r ep lac ing  some of t h e  e l e c t r i c a l  sensing and c o n t r o l  equipment 
i n  t h e  module with f l u i d i c  systems t o  minimize r a d i a t i o n  damage problems. 

For i n i t i a l  

Th i s  approach w i l l  be continued through most of  t h e  



SECTION B 

4. PRESENT PROGRAM STATUS 

4 .1  General 

ORNL r e p r e s e n t a t i v e s  v i s i t e d  t h e  North American Aviat ion Los 
Angeles, C a l i f o r n i a  Div is ion  of  North American Rockwell Corporation 
and t h e  Rocket Propuls ion Laboratory, U.S. A i r  Force Systems Command, 
Edwards A i r  Force Base, C a l i f o r n i a  dur ing  March 1968. A t  t h a t  t i m e  
North American Rockwell, as A i r  Force con t r ac to r ,  had a l r eady  fabri- 
ca t ed  two pro to type  o r b i t a l  veh ic l e  machines f o r  c u t t i n g  and welding 
1- t o  3- in .  and 3- t o  6- in .  diameter tub ing .  
j u s t  been started. Designs had a l s o  been completed by NAR f o r  u n i t s  
t o  handle l a r g e r  diameter pipes;  6- t o  9- in . ,  9- t o  12-in. ,  and 12- 

Performance t e s t i n g  had 

t o  16-in.  

Arrangements were made f o r  t h e  Atomic Energy Commission t o  r ece ive  
A i r  Force c o n t r a c t o r  design data. 
diameter o r b i t a l  veh ic l e  machinery were suppl ied t o  the  AEC dur ing  
A p r i l  and M a y  1968. The Commission, i n  t u r n ,  re layed t h e  information 
t o  ORNL. After  d e t a i l e d  review, ORNL redesigned equipment t o  inc lude  
provis ions  f o r  remote i n s t a l l a t i o n  and opera t ion  c a p a b i l i t i e s ,  and 
prepared d e t a i l e d  drawings and s p e c i f i c a t i o n s  f o r  t h e  commercial 
purchase of mechanical assemblies. 
f o r  t e s t i n g  at ORNL began i n  August 1968 and was completed dur ing  
February 1969. To save time and i n i t i a l  cos t s ,  arrangements were 
made t o  borrow a spare  A i r  Force programmer t o  c o n t r o l  t h e  ope ra t ion  
of t h e  equipment f o r  a l imi t ed  eva lua t ion  pe r iod .  
g r a m e r  i s  be ing  f a b r i c a t e d  by ORNL and w i l l  be completed by September 

Design drawings f o r  t h e  6- t o  9- in .  

Fab r i ca t ion  of t h e  prototype u n i t  

A replacement pro- 

1969 

The i n i t i a l  ORNL development e f f o r t s  started i n  March 1969 and 
were directed toward establ ishing the f e a s i b i l i t y  of using remotely 
operated machinery that w i l l  cu t ,  beve l ,  and e i t h e r  seal or s t r eng th -  
weld j o i n t s  and p ip ing  f o r  nuc lear  a p p l i c a t i o n s .  I n i t i a l  c u t t i n g  and 
welding s t u d i e s  and tes ts  c l o s e l y  followed cu r ren t  USAF rocket  system 
welding technology developments. 

Deta i led  d i scuss ions  on e a r l y  development f i n d i n g s  at ORNL are 
repor ted  on i n  t h e  fo l lowing  chap te r s  on p ipe  machining and welding 
s t u d i e s .  The development work t o  date shows t h a t  it is  feasible t o  
use automated o r b i t a l  machinery f o r  remote c u t t i n g  and welding. 

4.2 ORNL's Prototype Automated Remote Cut t ing  and Welding 
System f o r  6 and 8 - i n .  P ipes  

The A i r  Force has  o r b i t a l  c a r r i a g e s  f o r  t h e  fol lowing ou t s ide  
diameter  ranges; 3 t o  6 i n . ,  6 t o  9 i n . ,  9 t o  12 i n . ,  and 12 t o  16 i n .  
We s e l e c t e d  t h e  6- t o  9- in .  c a r r i a g e  f o r  work with 6- and 8 - in .  p i p e s .  
A l l  l i s t e d  c a r r i a g e s  use t h e  same interchangeable  machining and welding 
heads.  
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The automated remote c u t t i n g  and welding machinery package inc ludes  
t h e  fol lowing components shown i n  F ig .  1, 2, and 3: ca r r i age ,  machining 
head, welding head, weld p rogramer ,  and welding power supply.  The 
func t ions  performed by t h e s e  components and br ief  equipment summations 
are descr ibed  i n  t h e  fo l lowing  paragraphs.  

4 .2 .1  Carr iage 

The c a r r i a g e  provides  a r i g i d ,  stable p la t form on which t h e  
machining head and t h e  welding head can be mounted, indexed, and 
opera ted .  
c a r r i a g e  supp l i e s  a d r i v e  mechanism t o  r o t a t e  t h e  p la t form around t h e  
p ipe  circumference a t  p re se t ,  reproducible  speeds, wi th  c o n t r o l s  t o  
maintain t h e  p la t form sur face  a t  a cons tan t  d i s t a n c e  from t h e  pipe 
sur face  s o  t h a t  t h e  m i l l i n g  c u t t e r  depth and a r c  length  c o n t r o l s  w i l l  
perform proper ly .  The p la t form w i l l  maintain i t s  lateral  p o s i t i o n  
with r e s p e c t  t o  t h e  p ipe  j o i n t  while r o t a t i n g  about t h e  pipe,  so t h a t  
when modules are changed from c u t t i n g ,  beve l ing  and welding, t h e  a l i g n -  
ment w i l l  a l ready  be c o r r e c t .  The c a r r i a g e  geared a c t u a t o r  arm 
assemblies  clamp secure ly  t o  t h e  pipe;  i t s  d r i v e  r o l l e r s  are loaded 
by special  t o r s i o n  bars t o  maintain con t ro l l ed  r o l l e r  clamping p res su re  
and t o  compensate f o r  pipe ova l ty  wi th in  commercial. s p e c i f i c a t i o n s .  
Carr iage design permi ts  a l l  l i s t e d  t a s k s  t o  be  accomplished wi th in  a 
4 1 /2- in .  r a d i a l  c learance .  

Figure 4 shows t h e  c a r r i a g e  wi th  t h e  welding head. The 

The c a r r i a g e  s t r u c t u r e  c o n s i s t s  of two s i d e  p i eces  which provide 
a p la t form f o r  t h e  welding and machining heads, and two end suppor ts .  
These supports  con ta in  t h e  water, i n e r t  gas and e lec t r ica l  power con- 
nec t ions  and switches;  t h e  f r o n t  support  a l s o  con ta ins  t h e  clamping 
device,  namely worn gears  which p o s i t i o n  t h e  i d l e  r o l l e r s  through a 
s l i d e r  crank l inkage .  
from motors mounted a t  t h e  two hinge p o i n t s  of t h e  a c t u a t i n g  arms 
wi th in  t h e  r o l l e r s .  The vulcanized high temperature ,  abras ion-  
r e s i s t a n t  v i ton  coa t ing  provides  t h e  necessary r o l l e r  t r a c t i o n .  

The c a r r i a g e  r o t a t e s  v i a  a d i r e c t  d r i v e  system 

4.2.2 Universa l  Machining Head 

The machining head shown i n  F ig .  5, can be mounted on t h e  c a r r i a g e  
t o  c u t  pipe o r  tubing,  m i l l  t h e  tube  ends square,  and b e v e l  t h e  edges 
t o  t h e  des i r ed  conf igura t ion  f o r  welding. The machining head inc ludes  
an ou te r  housing, a Tr i ac ,  speed-regulated,  1/4-hp a i r -cooled  e l e c t r i c  
d r i v e  motor of t h e  type  produced f o r  hand d r i l l s ,  p l u s  t h e  d r i v e  motor 
housing and c u t t e r  assemblies .  Two-axis manual c u t t e r  adjustment i s  
a v a i l a b l e .  Seve ra l  types  of c u t t e r  b l ades  can be i n s t a l l e d  as needed. 

4 .2 .3  Universal  Welding Head 

The welding head, F ig .  6, can be  mounted on t h e  c a r r i a g e  i n  p lace  
of t h e  machining head after t h e  c u t t i n g  and. beve l ing  ope ra t ions  have 
been completed. The welding head i s  designed with ad j u s t a b l e  v e r t i c a l  
and h o r i z o n t a l  s l i d e s  t o  l o c a t e  t h e  e l ec t rode  accu ra t e ly  wi th  r e spec t  
t o  t h e  c u t  and beveled edges of t h e  weld j o i n t .  F i l l e r  wire w i l l  be 
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Fig .  6. Universal Welding Head. 
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f ed  au tomat i ca l ly  a t  t h e  des i r ed  r a t e  t o  t h e  weld j o i n t  from a spool  
which s t o r e s  enough wire f o r  mul t ip l e  f i l l e r  weld passes .  The welding 
head w i l l  provide an i n e r t  welding gas t o  t h e  t o r c h  cup, w i l l  provide 
power and cool ing  water flow t o  t h e  t o r c h  head, and w i l l  o s c i l l a t e  t h e  
welding e l e c t r o d e  a c r o s s  t h e  seam. It w i l l  a l s o  provide i n t e g r a l  
switches f o r  t e s t  opera t ing  t h e  wire feed jog, t h e  o s c i l l a t o r ,  and i n e r t  
gas  f low.  

4 .2 .4  Welding Programmer and Control  Unit  

A pendant-housed s t a r t - s t o p  c o n t r o l  u n i t  and t h e  console-welding 
programmer con ta in  t h e  measurement r eco rde r s  and c o n t r o l  devices  t h a t  
provide f o r  automated welding. The programmer,shown i n  F i g s .  7 and 8, 
i s  designed t o  c o n t r o l  and/or sequence each of t h e  fo l lowing  weld 
v a r i a b l e s  or func t ions ;  welding cu r ren t  vs .  t i m e ,  maximum welding 
cu r ren t ,  welding cu r ren t  pu l se  amperes and pu l se  t i m e ,  cu r r en t  upslope 
t i m e ,  weld t i m e ,  cu r r en t  downslope t i m e ,  welding vol tage ,  welding t o o l  
speed and start  and s top  t i m e ,  w i r e  feed  speed and start and s t o p  t ime, 
a r c  vol tage  c o n t r o l  vo l tage ,  and o s c i l l a t o r  f requency.  

The welding cu r ren t  and t h e  c a r r i a g e  ( t o o l )  d r i v e  c i r c u i t s  are 
r e s p e c t i v e l y  servo-cont ro l led .  The w i r e  feed rate can be ad jus t ed  t o  
maintain cons tan t  e lectrode/weld puddle d i s t a n c e s  by us ing  a feedback 
system t o  monitor t h e  a r c  vol tage  and compare it t o  a p r e s e t ,  p re-  
determined value,  and, as requi red ,  genera te  a c o r r e c t i o n  s i g n a l .  
Changes i n  t h e  a r c  gap are r e f l e c t e d  as changes i n  a r c  vol tage  and 
t h e s e  changes genera te  a c o r r e c t i o n  s i g n a l  which changes t h e  f i l l e r  
w i r e  speed t o  b u i l d  up o r  t o  decrease  t h e  weld puddle t o  maintain a 
p r e s e t  a r c  gap. The wire feed  system a l s o  inc ludes  a t r a n s i s t o r i z e d  
motor c o n t r o l  servo system t o  q u a n t i t a t i v e l y  r e g u l a t e  f i l l e r  d e p o s i t s  
i n  response t o  a tachometer feedback s i g n a l .  Pipe o v a l t y  c o r r e c t i o n s  
a r e  r egu la t ed  by a mechanical cam device which r i d e s  t h e  p ipe  and 
sp r ing  loads  t h e  weld head wi th in  t h e  c a r r i a g e  t o  tend t o  main ta in  a 
cons tan t  tool /workpiece spacing.  

Lighted bu t tons  are provided f o r  func t ion  i n d i c a t i o n  and/or 
s e l e c t i o n .  I n d i c a t i n g  meters a r e  incorpora ted  f o r  t o o l  and wire feed  
speed, a r c  vol tage ,  and weld c u r r e n t .  The u n i t  i s  designed t o  provide 
s i g n a l s  which can be used wi th  commercially-available r eco rde r s  t o  
provide permanent r eco rds .  A t  p re sen t  w e  use a mult i -channel  Sanborri 
150 Recorder.  The A i r  Force programmer, F i g .  7 a l s o  inc ludes  p rov i s ions  
f o r  punched card input  t o  provide automatic  c a p a b i l i t y  f o r  program se tup .  
Th i s  f e a t u r e  i s  e s p e c i a l l y  d e s i r a b l e  f o r  product ion work. For t h e  t i m e  
being, however, p r i m a r i l y  f o r  economy reasons,  we  are not  us ing  punch 
ca rd  techniques  i n  our replacement programmer. 

4.2.5 Power Supply 

Most commercial ly-avai lable  welding power supply u n i t s  are compatible 
wi th  t h e  programmer c o n t r o l  c i r c u i t r y  and can be employed as power sources .  
We u t i l i z e  a Lincoln Model T I G  300/300 welder wi th  minor c i r c u i t  modif i -  
c a t i o n s .  Induc t ive  t r a n s i e n t  supressors  and a t r a n s i s t o r i z e d  r e a c t o r  
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c o n t r o l  ampl i f i e r  shown i n  F ig .  9 have been added t o  t h e  welders '  
r e a c t o r  c o n t r o l  c i r c u i t s .  Welder c o n t r o l s  f o r  gas  and water solenoid 
valve r e l a y s  are t r a n s f e r r e d  t o  t h e  programmer. 

4 .2 .6  Equipment Modif icat ions f o r  Remote Work 

ORNL's  6- t o  9- in . -diameter  c a r r i a g e  and t h e  welding and m i l l i n g  
i n s e r t  heads incorpora te  a number of changes and modi f ica t ions  t o  similar 
A i r  Force equipment. Our machinery inc ludes  ac tua to r s ,  l i f t i n g  and 
pos i t i on ing  lugs  designed f o r  remote t o o l i n g  and handl ing.  We have 
a l s o  e l imina ted  from t h e  o r i g i n a l  A i r  Force weld head two d isconnec ts  
i n  t h e  welding power supply l i n e  and t h e  water and gas  l i n e s .  Our 
cab le s  a r e  in tegra l .  with t h e  t o r c h  and rou te  d i r e c t l y  from t h e  t o r c h  
holder  through a grommet-' i n s e r t  i n  t h e  ad jacerit  c a r r i a g e  f r o n t  pane l .  
S t r ay  RF c u r r e n t s  and p o t e n t i a l  water l eaks  a r e  e l imina ted .  
coupled t o r c h  a l s o  permi ts  completely independent weld head ( i n ,  o r  out 
of c e l l )  checkout and replacement.  The sepa ra t e  power and c o n t r o l  l eads  
at oppos i te  ends of t h e  c a r r i a g e  work w e l l  i n  remote i n s t a l l a t i o n .  
Separated cords do not  t a n g l e  while r o t a t i n g  t h e  c a r r i a g e  t o  loop cab le s  
p r i o r  t o  c u t t i n g  o r  welding, o r  during a c t u a l  work ope ra t ions .  
a l s o  added a Lossy-Line Absorptive F i l t e r  RF Suppressor t o  provide 
increased  p r o t e c t i o n  of wir ing and components connect ing t o  t h e  e l e c t r o d e .  
Our w i r e  f eede r  e x i t  t rough i s  oxide coated t o  e l imina te  a r c i n g  and 
fus ing .  I ts  t rough p ivo t  device i s  a l tered t o  permit more f l e x i b i l i t y  
and t o  provide a lock- in  f e a t u r e  t o  c e n t e r  t r a c k i n g .  A s i m i l a r  h o r i -  
zon ta l  t r a v e l  locking device w a s  added t o  t h e  c u t t e r  head t o  prevent  
la teral  c a r r i a g e  motion while c u t t i n g .  Our c u t t e r  t o o l  feed  a c t u a t o r  
inc ludes  r a t c h e t  depth set  c o n t r o l .  

Our d i r e c t l y  

We have 

5 .  MACHINING STUDIES 

5 . 1  General 

Considerable t i m e  was spent  t o  check and g e n e r a l l y  confirm A i r  
Force machining d a t a  and t o  develop c u t t i n g  and m i l l i n g  techniques  f o r  
s t a i n l e s s  s t ee l  and Inconel  p ip ing .  We noted t h a t  c u t t i n g  c r i t e r i a  
app l i cab le  f o r  300 series s t a i n l e s s  s t e e l  p ipes  do not  apply  f o r  Inconel  
work. Avai lab le  Inconel  pipe w a s  chosen t o  approach Has te l loy  N material 
c h a r a c t e r i s t i c s .  We were a b l e  t o  prepare  beveled p ipe  j o i n t s .  

Cu t t e r  t r i a l s  s t a r t e d  i n  la te  February 1969. Major performance 
t e s t s  held during March and A p r i l  included saw t r a c k i n g  s t u d i e s  and 
runout de te rmina t ions  and machining s t u d i e s  on ( i n  o r d e r )  304 s t a i n l e s s  
s t e e l ,  347 s t a i n l e s s  s t ee l  and Inconel  p ip ing .  We t e s t e d  1/16 i n .  and 
3/32 i n .  t h i c k  high speed s t ee l  and Circoloy a l l o y  s l i t t i n g  saws and h igh  
speed s t ee l  s i n g l e  and double beve l  c u t t e r s .  We va r i ed  c u t t e r  speeds, 
c u t t e r  feeds,  and c a r r i a g e  t r a v e l  rates t o  determine programmed ope ra t ing  
combinations f o r  acceptab le  t o o l  performance and p ipe  su r face  f i n i s h .  
T e s t  e f f o r t s  a l s o  served t o  eva lua te  our equipment, and t o  develop 
acceptab le  machining techniques f o r  bo th  s l i t t i n g  and bevel ing  p ipe  t o  
prepare  des i r ed  pipe end conf igu ra t ions  f o r  welding. 
c u l a r l y  t h a t  p ipe  w a l l  t h i ckness  va r i a t ions ,  even wi th in  t h e  allowed 

We noted p a r t i -  
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code l i m i t s  f o r  commercial p ip ing ,  g r e a t l y  complicate t h e  j o i n t  
machining requirements f o r  dependable weld j o i n t  geometr ies .  

5.2 Equipment Evaluat ion 

The machining head appears  t o  have c a p a b i l i t y  t o  c u t  pipe,  t r i m  
ends square,  and t o  prepare  end beve l s .  L i t t l e  d i f f i c u l t y  i s  encountered 
i n  machining s t a i n l e s s  materials; problems, however, arise i n  c u t t i n g  
Inconel  because of i t s  work-hardening t endenc ie s .  

A l l  ORNL machining tes t s  were performed on h o r i z o n t a l  p ip ing .  
S l i t t i n g  saws and double beve l  c u t t e r s  t r a c k  t r u e  wi th in  approx. 
.OO3 i n .  
cu t ,  e s p e c i a l l y  on t h e  harder  Inconel  p i p e .  
and speed c o n t r o l  c a p a b i l i t i e s  appear adequate .  The c a r r i a g e  and 
machining head w i l l  wi thstand loading and v i b r a t i o n s  caused by t h e  
m i l l i n g  c u t t e r s  wi th  proper  t r a v e l  speed and t o o l  feed  s e l e c t i o n .  
Improvements, however, a r e  x q u i r e d  t o  provide a s t ronge r  and more 
p o s i t i v e  c u t t e r  depth c o n t r o l  and t o  g ive  more stable l o n g i t u d i n a l  
adjustments .  A r a t che t - con t ro l l ed  worm gear  depth c o n t r o l  i s  contem- 
p l a t e d  f o r  more p r e c i s e  feed c a p a b i l i t y .  A locking  clamp a l r eady  
i n s t a l l e d  t o  t h e  l o n g i t u d i n a l  adjustment appears  t o  adequately prevent  
axial c u t t e r  s h i f t s .  

S ingle  b e v e l  c u t t e r s  tend  t o  walk out  o f ,  and away from t h e  
Cu t t e r  d r i v e  motor power 

The c u t t e r  d r i v e  motor and i t s  speed r educ t ion  gear  t r a i n  work 
w e l l .  We have observed no s i g n s  of motor overhea t ing  dur ing  performance 
tests,  even dur ing  severe  m i l l i n g  ope ra t ions .  The 110 V ac motor i s  
r a t e d  a t  about 5 anps; 2.5-amp readings  were t h e  h ighes t  noted i n  t e s t  
ope ra t ions .  Motor speed c o n t r o l  appears adequate, f o r  speeds ranging 
from about 30 rpm t o  about 120 rpn .  Observations t o  d a t e  i n d i c a t e  t h e  
c a r r i a g e  d r i v e  may be t h e  l i m i t i n g  f a c t o r  on c u t t i n g  c a p a b i l i t y .  We 
have observed r o l l e r  s l ippage  on t h e  pipe,  and a t  t i m e s  have t r i p p e d  
t h e  d r i v e  r o l l e r  c i r c u i t  b reaker  p r o t e c t i o n .  Cutter feed  and c a r r i a g e  
speed adjustment changes, however, r e s to red  ope ra t ions .  During a 
r ecen t  maintenance per iod t o  revulcanize  t h e  r o l l e r  v i t o n  f r i c t i o n  
s u r f a c e s  w e  found a broken shear  p i n  on one of t h e  two c a r r i a g e  d r i v e r s .  
We do not  know when t h i s  p i n  sheared, o r  f o r  how long we may have 
operated wi th  b u t  a s i n g l e  c a r r i a g e  d r i v e  r o l l e r .  
operated s a t i s f a c t o r i l y ,  b u t  s l ipped  wi th in  i t s  concen t r i c  c a n n i s t e r  
housing. Avai lab le  i n d i c a t o r  s i g n a l s  r e g i s t e r e d  proper  dua l  motor 
opera t ion  b u t  not  t h e  effect  of t h e  sheared p i n . )  Therefore ,  w e  are 
unce r t a in  how much t h e  c u t t i n g  performance may be l imi t ed  by t h e  
ca r r i age  d r i v e  system. However, w e  were able t o  make t h e  machine work 
even wi th  only one motor a c t u a l l y  d r i v i n g  i t s  r o l l e r .  

(The o the r  motor 

5 .3  Tool ing 

We have c u t  with high speed s teel  and Circoloy a l l o y  s l i t t i n g  saws 
and m i l l i n g  c u t t e r s .  
longer ,  poss ib ly  by as much as a f a c t o r  of one and a h a l f .  
r e s u l t s  from Inconel  machining experimentat ion i n d i c a t e  t h a t  t h e  
c u t t i n g  edges of a l l  c u t t e r  t e e t h  must be generously r e l i e v e d  t o  

The a l loyed  t o o l  t e e t h  appear  t o  s t a y  sharper  
Ea r ly  
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provide ample c learance  f o r  ch ip  f a l l o u t .  Free f a l l i n g  ch ips  minimize 
work hardening tendencies  f o r  Inconel  p ipe .  It is  a l s o  qui te  important 
t h a t  a l l  t e e t h  of a c u t t e r  engage t h e  work during t h e  c u t t i n g .  O f f  t h e  
s h e l f  commercial c u t t e r s  used t o  d a t e  appear t o  c u t  with usua l ly  only 
about a f o u r t h  of t h e i r  t e e t h .  Improved c u t t i n g  w a s  noted when c u t t e r s  
were regound l o c a l l y  t o  p rec i s ion  s p e c i f i c a t i o n s ;  almost seventy-f ive 
percent  t o o t h  engagement can be a t t a i n e d .  We f u r t h e r  noted t t z  impor- 
t ance  of t o o l  t r a v e l  and c u t t e r  speed adjustments  f o r  Inconel  pipe work. 
Avai lable  machine shop machining d a t a  do not  apply t o  t h e  o r b i t a l  c u t t i n g  
assembly because it does not  have t h e  d r i v i n g  power of shop machines. 
Also, d ry  machining i s  spec i f i ed  f o r  nuc lear  system maintenance because 
coolan ts  might contaminate t h e  nuc lear  system. Therefore  t h e  t o o l  
t r a v e l ,  c u t t i n g  speeds and t o o l  feed rates must be much lower than  
u sua1  shop p r a c t i c e .  

The t a b l e  on t h e  fol lowing page shows t h e  number of inches of c u t  
a b lade  can be  expected t o  make be fo re  it must be resharpened. The 
table a l s o  shows how deep t h e  b lade  would cu t  i n  t r a v e l i n g  t h e  ind ica t ed  
number of inches around a 6- in . -diameter  pipe,  t ak ing  a 30-mil or a 
12-mil cu t ,  as ind ica t ed .  The s h o r t  c u t t e r  l i f e  experienced i n  t e s t  
ope ra t ions  means t h a t  b l ades  w i l l  have t o  be replaced f r equen t ly .  We 
p lan  t o  t e s t  carb ide  c u t t e r  b l ades  i n  hopes t h a t  t hey  w i l l  last longer .  

5 .4  Machining Feeds and Speeds 

E f f i c i e n t  c u t t i n g  r e q u i r e s  t h e  t h i c k e s t  poss ib l e  ch ip  pe r  c u t t i n g  
too th ,  b u t  may have t o  be compromised somewhat t o  ob ta in  reasonable  
c u t t e r  l i f e  and proper  su r face  f i n i s h .  Th i s  i s  p a r t i c u l a r l y  t r u e  i n  
t h e  case of h igh-n icke l  s teels  where t h e  base material t ends  t o  work 
harden with t h e  r e s u l t  t h a t  ch ip  removal i s  inadequate or incomplete.  

We s e l e c t e d  A i r  Force recommended c u t t i n g  speeds between 70 and 
80 su r face  fee t  p e r  minute f o r  s t a i n l e s s  s teels  and chose 50 feet  p e r  
minute f o r  Inconel  i n  o rde r  t o  achieve reasonable  c u t t e r  l i f e .  The 
c u t t i n g  speeds correspond t o  approximately 100 and 62.5 r evo lu t ions  
p e r  minute f o r  our  3 inch  diameter  a l l o y  s t ee l  s l i t t i n g  saws. T e s t  
v e r i f i e d  feed  p e r  t o o t h  s e l e c t i o n s  compatible wi th  t o o l  s t r e n g t h  and 
r i g i d i t y  were .001 i n .  f o r  s t a i n l e s s  work, and about .0005 i n .  f o r  
Inconel .  We chose r e spec t ive  t r a v e l  speeds of 3 1/4 in. /min. and 
1 in./min. f o r  t h e  32 t o o t h  saws 

FEED pe r  TOUCH 

Our feed pe r  t o o t h  rates are low 
machine shop work, b u t  are s t i l l  

based- on t h e  formula 

TRAVERSING SPEED (in. /min.)  
No. TEE?TH CUTTER x SPEED (rpm) ( m i l s )  = 

when compared t o  rates i n  s tandard 
c r e d i t a b l e  cons ider ing  our small s i zed  

arid low powered equipment. 
power and cu t t e r  shapes, and on t h e  sharpness  of t h e  cut ters ,  as they  
i n  t u r n  a f f e c t  t h e  power requi red  at t h e  c u t t e r  motor sp ind le .  We re- 
pea ted ly  c u t  .O3O i n .  deep i n t o  s t a i n l e s s ,  and . O l 5  i n .  i n t o  Inconel .  
We a n t i c i p a t e  deeper c u t t i n g  c a p a b i l i t y  with t h e  "al l  carb ide  c u t t e r s "  
now on order .  

The depths  of c u t  depend on a v a i l a b l e  horse-  



Table 1. Expected Life of Cut t e r  Blades 
~ ~ ~~ ~ 

De s c r i p t  i on  Blade L i f e t i m e  

I n  S t a i n l e s s  S t e e l  I n  Inconel  

Saw Tooth Speed 
Carr iage  Speed 
Feed Per  Tooth 

70 t o  80 f't/min 
3 1/4 in./min 

.001 i n .  

50 f t /min 
1 in./min 
.OOO5 i n .  

Inches of' T a t a l  Depth Inches of T o t a l  Depth 
cu t ,  average of cut ,  6-inch cu t ,  average of cu t ,  

6-inch 

inches .  

depth 12 m i l s .  depth j 0  u1Lls. pipe w a l l .  
inches inches  inches  p ipe  w a l l .  

1 /16-in.  - t h i c k  s l i t t i n g  s a w ,  
3 i n .  d i a . ,  32 t e e t h  
h igh  speed steel  

1/16-in.  - t h i ck  s l i t t i n g  saw, 
3 i n .  d i a . ,  32 t e e t h  
Circoloy a l loy*  

3/32-in. - t h i ck  s l i t t i n g  s a w ,  
3 i n .  d i a . ,  32 t e e t h  
high speed s tee l  

3/32-in.  - t h i c k  s l i t t i n g  saw, 
3 i n .  d i a . ,  32 t e e t h  
Circoloy a l l o y - %  

70" included double angle  m i l l  

730 

W 5 30 314 ro 

800 I 1/8 

430 5/8 

650 7/8 600 11/32 

2 3/4 i n .  d i a . ,  20 t e e t h ,  1/2 i n .  wide 
h igh  speed s tee l  470 11/16 420 1/4 
* 
Trade name f o r  C i r c u l a r  Tool  Company (Providence, R.I.) s p e c i a l  high-speed s t e e l  a l loyed  b l ades  of  
high carbon, medium chrome, h igh  vanadium, high tungs ten  and medium coba l t  composition. 
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5.5  Machining Techniques f o r  S l i t t i n g  and Beveling Pipes; Pipe End 
P repa ra t ion  Requirements f o r  Welding 

An important feature des i r ed  f o r  p ipe  weld j o i n t s  i s  a p e r f e c t  
match f o r  ad jo in ing  pipe ends. 
be concen t r i c .  Regardless  of t h e  geometry of a s e l e c t e d  j o i n t ,  whether 
it i s  V-bevel, J-bevel,  or b u t t ,  p r e c i s i o n  f i t u p  and mating geometr ica l  
c o n c e n t r i c i t y  w i l l  be requi red ,  a long  with square-cut ends and a uniform 
gap, o r  complete contact ,  of t h e  j o i n t  ends. 

Pipe i n s i d e  walls must a l i g n  and must 

ASME Materials Spec i f i ca t ions ,  Sec t ion  Two, B o i l e r  Code f o r  P ip ing  
permit va r ious  d i a m e t r i c a l  and w a l l  t h i ckness  dimensional v a r i a t i o n s .  
Sec t ion  SB 167 f o r  Nickel-Chrome Alloy Pipe, as an example, permi ts  an 
a l lowable  e c c e n t r i c i t y  of p ipe  i n s i d e  and ou t s ide  diameter  up t o  t e n  
percent  of t h e  nominal w a l l  t h i ckness .  Comparable SA 106 S t e e l  Pipe 
Specs a l low f o r  12 1/2 percent  t h i ckness  v a r i a t i o n s  below nominal p ipe  
w a l l  t h i ckness .  
A l l  commercial p ipe  i s  governed by t h e s e  s p e c i f i c a t i o n s .  Our experience 
i n d i c a t e s  t h a t  p ip ing  dimensions vary at least as much as, or s l i g h t l y  
more than  t h e  al lowable t o l e r a n c e s .  

Diameters f o r  l a r g e  p ip ing  may vary as much as 1/8 i n .  

F igure  10 i l l u s t r a t e s  problems encountered when we c u t  commercial 
p ip ing  f o r  a J -beve l  weld j o i n t  with our o r b i t a l  equipment. 
r o l l e r s  r i d e  t h e  p ipe  ou t s ide  surface,  which then  becomes t h e  r e fe rence  
su r face  f o r  t h e  c u t t e r .  For s i m p l i c i t y ,  F i g .  10 shows t h e  end view 
e c c e n t r i c i t y  about only one c e n t e r l i n e .  I n  p r a c t i c e ,  one encounters  
e c c e n t r i c i t i e s  i n  s e v e r a l  p l anes .  The two e l e v a t i o n s  shown rep resen t  
matched and mismatched j o i n t  a l ignment .  Mismatching des t roys  mating 
i n s i d e  diameter  su r face  contac t  and p r o h i b i t s  proper  roo t  pass  weld 
p e n e t r a t i o n .  To achieve matched and a l igned  j o i n t  s u r f a c e s  r e q u i r e s  
s enso r s  and c o n t r o l s  which w i l l  p roper ly  r e g u l a t e  t h e  root  pass  weld 
v a r i a b l e s  (weld cu r ren t ,  -speed, - w i r e  feed,  and - a r c  vo l t age )  t o  
addust  f o r  v a r i a t i o n s  of t h e  j o i n t .  
which w i l l  au tomat i ca l ly  a d j u s t  t h e  programmed weld v a r i a b l e s  f o r  non- 
uniform geometries of the weld joint. 

The c a r r i a g e  

To d a t e  we have no sens ing  means 

F igure  11 i l l u s t r a t e s  how a remedial c u t  can be taken  t o  approach 
uniform w a l l  t h i c k n e s s  for  p ipe  weld j o i n t s .  T h i s  r e q u i r e s  t h a t  t h e  
ope ra to r  o b t a i n  accu ra t e  dimensional information from h i s  i n i t i a l  
s l i c i n g  cut so t h a t  he can proper ly  p o s i t i o n  and feed t h e  c u t t e r  f o r  
subsequent machining. 
be  used f o r  remote work a p p l i c a t i o n s .  
t hen  contaminates  t h e  impression device,  d u p l i c a t e  non-contaminated 
r e p l i c a s  can be made i n  ho t  c e l l s  o r  glove boxes v i a  a r e c a s t  p l a s t e r  
of p a r i s  process .  Th i s  technique of remote r e p l i c a t i o n  has  been used 
s u c c e s s f u l l y  i n  working with very h igh ly  r a d i o a c t i v e  m a t e r i a l s .  

A wax impression of t h e  p ipe  end contour  could 
If t h e  p ipe  i s  contaminated and 

Figure  12 shows one way of  f i e l d  matching a p ipe  end with a p ipe  
s t u b  p rev ious ly  welded onto a replacement component. 
maintenance, replacement i tems such as pumps, hea t  exchangers, e t c . ,  
are a l l  j i g  p r e f a b r i c a t e d .  A blank end s t u b  of s l i g h t l y  heav ie r  
schedule  pipe,  t o  ga in  a smal le r  i n s i d e  diameter  for subsequent f i t u p  
machining, could be f i e l d  ground t o  an  impression r e p l i c a  of t h e  p ipe  end. 

For r e a c t o r  
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A machining technique has been developed f o r  remotely prepar ing  
J -bevel  p ipe  ends f o r  welding. Figure 13 schematical ly  r ep resen t s  
an  i n - c e l l  maintenance c u t t i n g  procedure which tends  t o  compensate 
f o r  t h e  v a r i a t i o n s  i n  p ipe  w a l l  t h i ckness  which, under t h e  ASME Code, 
can be as much as 12 1/25. 

1. 

2 .  

3 .  

4. 

5. 

6 .  

7. 

Step 1: Make a l i g h t  c u t  around t h e  pipe with a t h i c k  
s l i t t i n g  s a w  and in spec t  for t r u e  t o o l  t r a c k i n g .  
s l i t t i n g  t o  t h e  predetermined depth which w i l l  l eave  a land 
su r face  f o r  t h e  r o o t  weld. 

Continue 

S tep  2: On t h e  c u t t e r  s h a f t ,  mount a hardened s tee l  t h r u s t  
washer and a s ingle-angle  m i l l i n g  c u t t e r  so t h a t  t h e  washer 
w i l l  r i d e  i n  t h e  s l i t  made by t h e  saw and w i l l  guide t h e  
b e v e l  c u t t e r .  

S t ep  3: 
sawblade and c u t  through t h e  w a l l .  

A f t e r  making t h e  beve l  cu t ,  i n s e r t  a t h i n  s l i t t i n g  

Make a w a x  impression of t h e  cu t  j o i n t .  Make a p l a s t e r  of 
paris non-contaminated rep l ica .  

Machine t o  a cons tan t  land w a l l  t h i ckness  a t  t h e  j o i n t  by 
c u t t i n g  metal from segments of t h e  land su r face  where 
measurements of t h e  r e p l i c a  i n d i c a t e  it i s  t o o  t h i c k .  

Make a second r e p l i c a t i o n  of t h e  j o i n t  f o r  use i n  out-of-  
c e l l  machining on t h e  s tub  end of a replacement component 
t o  make it f i t  t h e  p ipe  i n s i d e  t h e  c e l l .  

Use information from t h e  r e p l i c a  t o  s e t  programmer weld 
cu r ren t  curves  s o  t h a t  t hey  w i l l  compensate for v a r i a t i o n s  
i n  t h e  arc gap caused by out-of-roundness o r  by t h e  machining 
t o  g ive  cons tan t  land w a l l  t h i c k n e s s .  

A l l  of our  machining opera t ions  must be accomplished i n  t h e  
s tandard "mi l l ing  up" mode of opera t ion  where t h e  c u t t e r  t o o t h  i n  
con tac t  with t h e  p ipe  i s  moving i n  t h e  same d i r e c t i o n  as t h e  c a r r i a g e .  
We l ack  r i g i d i t y  f o r  reverse ,  or "climb m i l l "  c u t t i n g .  Our t o r s i o n  
bar clamping a c t i o n  on t h e  c a r r i a g e  r o l l e r  does not  g ive  enough 
f r i c t i o n  contac t  f o r  climb c u t t i n g .  

6. WELDING STUDIES 

6.1 General 

O r b i t a l  TIG welding opera t ions  on p ipe  r e q u i r e  p r e c i s e  w e l d  j o i n t  
machining t o  ob ta in  concent r ic  pipe i n s i d e  diameters  and matched p ipe  
w a l l  t h i cknesses  as w e l l  as near -per fec t  alignment of t h e  r e s p e c t i v e  
t.wo j o i n t  members. 
welds t h a t  are undercut,  l ack  f u l l  pene t r a t ion ,  or t h a t  have t o o  much 
penet ra t ion ,  r e s u l t i n g  i n  excess ive  convexity.  F i l l - p a s s  weld c r i t e r i a  

F a i l u r e  t o  meet t h e s e  requirements r e s u l t s  i n  r o o t  

v 

W 
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Fig. 10. Orbital Cutter (Riding Pipe O.D.). Typical "As Cut" Pipe Joints. 
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Fig. 12. Modified Final Joint Preparation. 
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Fig. 13. Pipe Joint - Machining Sequence. 
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do not  appear  t o  be q u i t e  so  c r i t i c a l ,  though we note a dependence of 
success ive  welds on p r i o r  weld passes .  
f i l l e r s  over  good roo t  welds, or over good p r i o r  f i l l e r  welds. It i s  
d i f f i c u l t  t o  perform remedial  t a s k s  over poor s u b s t r a t e s .  All t h e s e  
observa t ions  a r e  based upon our  r ecen t  work, which has  gene ra l ly  i n -  
volved extra-heavy 6 - in .  -diameter, 347 s t a i n l e s s  s t e e l  p ipe  prepared 
with V- or  J -beve l  j o i n t s ,  and always f i t t e d  up without j o i n t  gap, 
and without  weld i n s e r t s .  Remote work on nuc lear  systems cannot use 
gap j o i n t s  o r  t h e  common weld i n s e r t  r i n g s .  

It is  q u i t e  simple t o  l a y  good 

T e s t  ope ra t ions  with t h e  o r b i t a l  welding equipment were started 
dur ing  late February 1969. 
p l ac ing  weld beads around t h e  e x t e r i o r  su r face  of t h e  p i p e .  Subse- 
quent ly ,  V- and J -bevel  p i p e - j o i n t  roo t  and f i l l e r  pass  weld t e s t s  
were t r i e d .  We had hoped t h a t  acceptab le  r o o t  pas s  weldments could 
be obtained without having t o  do t h e  p r e c i s i o n  machining t h a t  i s  r e -  
qu i red  f o r  c l o s e  alignment and f i t t i n g  of mating su r faces .  However, 
t h e  tes t  welds showed t h a t  prepar ing  t h e  su r faces  f o r  p r e c i s i o n  
matching and alignment i s  important i n  achiev ing  q u a l i t y  welds. 

The f irst  t e s t s  cons i s t ed  of simply 

Because it i s  time consuming and d i f f i c u l t  t o  do p r e c i s i o n  
machining by remote con t ro l ,  we p l an  t o  experiment with j o i n t s  i n  
which one p reapp l i e s  weldwire f i l l e r  metal t o  one of t h e  two j o i n t  
ends p r i o r  t o  p l ac ing  t h e  p ipe  i n s i d e  t h e  c e l l .  Th i s  type  of j o i n t  
p repa ra t ion  permi ts  p l a i n  f u s i o n  r o o t  pas s  welding, and r e q u i r e s  no 
o t h e r  f i l l e r  w i r e  a d d i t i o n s .  
ments f o r  p r e c i s i o n  j o i n t  matching and alignment.  
success fu l  r o o t  pass  welds have j u s t  been performed by a similar 
method i n  which t h e  p ipe  ends were machined t o  inc lude  an i n t e g r a l  
f l a t  washer on one of t h e  two mating J - j o i n t  s e c t i o n s .  
permit ted t h e  r o o t  pas s  weld t o  be a s i n g l e  f u s i o n  weld which, i n  t h e  
tests exh ib i t ed  e x c e l l e n t  bead shape and f u l l  weld p e n e t r a t i o n .  

It should a l s o  g r e a t l y  reduce t h e  r equ i r e -  
Severa l  h ighly  

Th i s  washer 

A t  t h e  moment w e  s t i l l  l ack  e s s e n t i a l  information t o  s u i t a b l y  
program t h e  p ipe  r o o t  pass  weld (wi th  f i l l e r  wire a d d i t i o n )  f o r  p ipes  
i n  t h e  h o r i z o n t a l  p lane .  
of sens ing  t h e  weld puddle behavior  as it relates t o  c o n s i s t e n t  f u l l  
weld p e n e t r a t i o n .  
c o n t r o l  and would make it p o s s i b l e  t o  do remote welding wi th  far l e s s  
c r i t i c a l  s p e c i f i c a t i o n s  f o r  p r i o r  j o i n t  p repa ra t ion .  W e  have, however, 
r e c e n t l y  coupled a Sanborn 150 Recorder t o  our weld programmer t o  s tudy 
simultaneous d a t a  p r i n t o u t s  of t h e  i n t e r - r e l a t e d  weld func t ions  (weld 
cu r ren t ,  - t r a v e l  speed, - w i r e  feed r a t e ,  - a r c  vol tage ,  and - a rc  
vo l t age  c o n t r o l ) .  We have j u s t  begun t o  l e a r n  how t o  s e l e c t  and 
in t roduce  proper  weld programs f o r  c o n t r o l l e d  high q u a l i t y  welding. 
There appears  t o  be an e x c e l l e n t  chance t h a t  we w i l l  soon be able t o  
develop j o i n t  p repa ra t ion ,  f i t u p ,  and weld c r i t e r i a  f o r  c o n s i s t e n t  
r e a c t o r  q u a l i t y  welding.  

We have found no easy s o l u t i o n  t o  t h e  problem 

Such a sens ing  c a p a b i l i t y  would permit automatic  

We observed manual TIG welding ope ra t ions  i n  an at tempt  t o  s tudy 
j u s t  how a welder a c t u a l l y  manipulates  h i s  feed wire r e l a t i v e  t o  h i s  
weld puddle.  S l i g h t  pu l s ing  of t h e  wire advance motions were noted, 
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with speed adjustments t o  maintain t h e  wire a t  t h e  weld pudd le ' s  
lower edge. For t h e  present  we l ack  b u i l t - i n  programmer wire  feed  
pu l se  c a p a b i l i t y .  We do, however, have t h e  c a p a b i l i t y  f o r  weld cur-  
r e n t  pu l s ing  with up t o  50 amperes peak t o  peak pu l se  amplitudes a t  
e i t h e r  o r  60 pu l ses  pe r  minute.  However, t h e s e  pu l ses  do not  give 
t h e  puddle s t a b i l i t y  observed i n  manual welding. An improvised method 
of wire feed  pu l s ing  was t e s t e d  m d  appeared t o  g ive  improved puddle 
s t a b i l i t y ,  b e t t e r  a r c  t i e - i n  t o  t h e  j o i n t  w a l l s ,  and uniform bead 
per iphery .  A Wavetek wave func t ion  genera tor  provided 3 cyc le s  p e r  
second pu l s ing  wi th  50% on and o f f  times. 
scheduled with r e f ined  c i r c u i t r y .  

Addi t iona l  t r i a l s  w i l l  be  

6.2 Preweld J o i n t  Cleaning 

Stored metals w i l l  form e x t e r n a l  oxide coa t ings .  These oxides 
are r e f r a c t o r y .  Excess power (weld  c u r r e n t )  i s  requi red  t o  ob ta in  
i n i t i a l  weld pene t r a t ion  when meta l  su r f aces  are oxide coated, and 
t h i s  o f t e n  r e s u l t s  i n  weld p o r o s i t y  due t o  hydra t ion  of t h e  oxide.  
Once pene t r a t ion  has been achieved, new problems arise.  One encounters  
d i f f i c u l t i e s  with weld puddle con t ro l ,  e s p e c i a l l y  i n  o r  near  overhead 
w e l d  p o s i t i o n s .  Weld depos i t s  are uneven with b a l l i n g  tendencies  and 
void inc lus ions .  

Foutine c leaning  procedures of s t a i n l e s s  s t e e l  wi re  brzsh ing  t80 
c u t  oxide coa t ings  and wiping wi th  so lven t  t o  remove su r face  d i r t  and 
g res se  t r a c e s  a r e  necessary f o r  a l l  welds w i t h  t h e  p re sen t  o r b i t a l  
equipment. Addi t iona l  draw f i l i n g ,  o r  gr inding ,  may be r equ i r ed  f o r  
f i l l e r  passes  t o  renove sharp  notches or protzus ions  t o  o b t a i n  smooth, 
blenaed su r faces .  

6 .3  J o i n t  F i tup  Tolerance 

J o i n t  mismatch has  a l r eady  beeii l i s t e d  as a cause f o r  poor r o o t  
pass  welds i n  h o r i z o n t a l  pipe l i n e s .  Mismatch i s  most c r i t i c a l  i n  
t h e  overhead o r  6 o ' c lock  p ipe  p o s i t i o n .  
ad jacent  i nne r  diameter  p ipe  j c i r , t  l i p s ,  commonly r e f e r r e d  t o  as mating 
land sur faces ,  causes  t h e  weld t o  p u l l  out ,  o r  suck back meta l  due t o  
g r a v i t y  condi t ions .  We concluded t h a t  it w i l l  b e  necessary t o  match 
pipe bottom quadrants  most p r e c i s e l y  f o r  b e s t  weld r e s u l t s ,  s ince  m i s -  
f i t  condi t ions  can be  t o l e r a t e d  t o  a g r e a t e r  degree i n  t h e  t o p  quadrant 
su r f aces .  Pipe j o i n t  mating su r faces  should p re fe rab ly  make phys ica l  
con tac t  on f i t u p  f o r  r ad ioac t ive  system remote maintenance welding. 
Purge gas  l o s s e s  are minimized with con tac t ing  sur faces ,  and f i l l e r  
metal add i t ions  are reduced, a l s o .  

Here a s l i g h t  mismatch of 

6 .4  I n e r t  Shie ld  G a s  

There i s  a d i f f e r e n c e  i n  i o n i z a t i o n  p o t e n t i a l  of i n e r t  gases  which 
H e l i u m  r e q u i r e s  only about 60% a f f e c t  t h e  hea t  input  t o  t h e  weld zone. 

of t h e  welding cu r ren t  requi red  f o r  an  equiva len t  weld with argon s h i e l d  
gas .  D i f f e ren t  arc plasma shapes r e s u l t .  Argon spreads t h e  welding 
hea t ;  helium concent ra tes  h e a t .  A i r  Force 'experimentat ion ind ica t ed  

Y 
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t h a t  wide argon plasmas g ive  b e s t  r e s u l t s  f o r  work with s t a i n l e s s  
welding. 
have a l s o  used argon gas  t o  purge p ipe  i n t e r i o r s ,  u sua l ly  with a 20 c f h  
gas purge f low.  

A l l  ORNL work has  been done with argon sh ie ld ing  gas .  We 

6.5 Elec t rode  Configurat ion 

A i r  Force experimentat ion ind ica t ed  t h a t  b e t t e r  welds can be 
obtained by t a p e r i n g  t h e  t o r c h  e l ec t rode  tungs ten  t o  a 60" included 
ang le .  E lec t rode  conf igura t ion  in f luences  t h e  a r c  spread p a t t e r n .  
The tendency of an arc t o  spread t o  an ad jacent  area causes  t h e  weld 
nugget t o  f u s e  only i n t e r m i t t e n t l y  t o  t h e  j o i n t  s idewal l s ,  r e s u l t i n g  
i n  l ack  of f u s i o n  and an uneven, knotty-rope appearing su r face  on t h e  
weld bead. It i s  p r a c t i c a l l y  impossible t o  l a y  subsequent accep tab le  
f i l l  passes  over such d e f e c t i v e  sur faces ;  one must r e s o r t  t o  c o r r e c t i v e  
i n t e r p a s s  machining and b lending  p r i o r  t o  proceeding with f u r t h e r  
welding. We t e n t a t i v e l y  s tandardized on a 60" included e l ec t rode  
angle  f o r  our  s t a i n l e s s  welding work. 

6.6 Automatic Arc Voltage Control  

It i s  necessary t o  c o n t r o l  bo th  t h e  torch- to-p ipe  d i s t a n c e  and 
t h e  t o r c h  electrode-to-weld puddle d i s t ance  t o  maintain a cons tan t  
a r c  l eng th  and a c k t a n t  a r c  vol tage  with a se l ec t ed  i n e r t  welding 
gas .  The o r b i t a l  system weld head i s  sp r ing  loaded wi th in  t h e  c a r r i a g e .  
A cam fo l lower  r ides  t h e  p i p e ' s  per imeter  and a c t u a t e s  a s p r i n g  t o  
perpendicular ly  vary t h e  weld head t o  work-piece spacing and cont inu-  
ous ly  compensate f o r  ova l ty  o r  l o c a l  f l a t  s p o t s  i n  t h e  p ip ing .  North 
American Rockwell a l s o  devised an e l e c t r o n i c  a r c  vol tage  c o n t r o l  (AVC) 
system t o  main ta in  cons tan t  electrode-to-weld puddle spacing.  The 
A i r  Force programmer b u i l t  by Rockweel inc ludes  a feedback system which 
monitors t h e  a r c  vol tage,  compares it t o  a predetermined value,  and, 
as requi red ,  genera tes  a c o r r e c t i o n  s i g n a l  t o  a d j u s t  t h e  w i r e  feed  rate. 
The AVC s y s t e m  t hus  actually senses o r  observes changes i n  t h e  arc gap 
as changes i n  a r c  vol tage  t o  inc rease  o r  decrease t h e  f i l l e r  wire speed 
t o  depos i t  l a r g e r  or smaller weld puddles t o  maintain p r e s e t  gap. 

The angle  of t h e  t i p  of t h e  e l ec t rode  determines where t h e  a r c  
w i l l  i n i t i a t e .  
e l e c t r o d e ' s  tapered  emi t t i ng  su r face .  Weld bead shape can be some- 
what va r i ed  by changing e l ec t rode  t i p  ang le s .  Prec is ion ,  cau t ion  
and ca re  are requi red  even with AVC r e g u l a t i o n  t o  confine t h e  arc 
emission d i r e c t i o n  t o  keep from bumping i n t o  p ipe  j o i n t  s idewa l l s  
or weld puddles.  Addi t iona l  precaut ions  are necessary t o  prevent  
con tac t ing  t h e  e l e c t r o d e  wi th  t h e  f i l l e r  w i r e  dur ing  t h e  over lap  
p o r t i o n  of  t h e  weld. 
grammed t o  s t o p  i n  t h e  i n i t i a l  downslope po r t ion  of t h e  weld c u r r e n t .  

A r c  emission can occur from any spot  of t h e  heated 

The w i r e  feed motor cu to f f  po in t  must be  pro- 
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6.7 Pre-Weld Pos i t i on ing  

Pipe ends t o  be joined by welding must be r i g i d l y  he ld  i n  pos i t to r i  
dur ing  welding t o  prevent  weld heat-induced pipe movement a t  t h e  joint 
due t o  expansion and con t r ac t ion  f o r c e s .  P ipes  may be clamped o r  fus ion  
t a c k  welded p r i o r  t o  t h e  r o o t  pass .  

We p lan  t o  use mechanical clamps f o r  remote maintenance welding, 
as machine t a c k  welding p resen t s  a d d i t i o n a l  problems: after tacking ,  
p ipe  j o i n t  groove su r faces  of t h e  t a c k  must be machined t o  a t h i n ,  
blended buildup; su r faces  must t hen  be  w i r e  brushed and so lvent  cleaned; 
machine t a c k  welding must a l s o  be confined t o  t h e  upper h a l f  of t h e  
pipe t o  prevent  undercut t ing  a t  t h e  end of t h e  tackweld.  

6.8 Root Pass 

The i d e a l  root-weld pass  r e q u i r e s  t h e  s h o r t e s t  poss ib l e  a r c  length  
without "s t ick ing"  and with add i t ions  of as much f i l l e r  wire as poss ib l e  
for crack s e n s i t i v e  metals. 
should start i n  t h e  overhead p o r t i o n  of a j o i n t  t o  take utmost advantage 
of t h e  ch i l l i ng  effects  of cold p ipes .  Pipe j o i n t  lands should i d e a l l y  
be uniform i n  th i ckness  and i n  width.  The angle  f o r  wire e n t r y  and t h e  
e x i t  l o c a t i o n  of t h e  wire f eede r  guide tube  r e l a t i v e  t o  t h e  weld puddle 
are c r i t i c a l .  Experimentation t o  d a t e  has fo l lowedo the  l i s t e d  A i r  Force 
recommended s e t t i n g s ;  

For pipe i n  h o r i z o n t a l  runs  weld passes  

For s t a i n l e s s  s t e e l  welding: Root Pass  Arc Length = 1/16 i n .  

F i l l e r  Wire Rate, approx. 10 in . /min.  
with .045-in.  w i r e  

Tool Drive ( c a r r i a g e )  T rave l  Speed, approx . 
4 in . /min.  

Pipe J o i n t  Lands, approx. 1/16 i n .  wide x 
1/16 i n .  high 

Wire Feeder Entry Angle 25 t o  30" above 
t h e  tangent  po in t  with p ipe  su r face ,  
1/4 i n .  away from t h e  e l ec t rode ,  with 
t h e  wire dragging t h e  groove d i r e c t l y  
below t h e  e l ec t rode .  

AVC s e t  a t  8 1/2 t o  9 v o l t s  with argon 
purge gas  

S t a r t  P o s i t i o n  approx. 9 o ' c l o c k  

Some i n d i c a t i o n s  of roo t  pas s  weld q u a l i t y  can be  observed from 
Both meters programmer vol tmeter  and wire feed rate meter readings .  

i n d i c a t e  any v a r i a t i o n s  i n  a r c  l eng th .  The weld bead i s  not  pene t ra -  
t i n g  t h e  p ipe  j o i n t  i f  vo l tage  readings hold s teady  b u t  w i r e  feed 
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rates r e g i s t e r  only below se l ec t ed  rates. Usually a small inc rease  
i n  welding cu r ren t  w i l l  remedy t h i s  s i t u a t i o n .  If, however, t h e  w i r e  
f eede r  motor b u i l d s  up t o  t h e  set  rate, and vol tage  cont inues t o  climb, 
poor welding a l s o  r e s u l t s ,  and t h e  cyc le  should be stopped a t  once. 
The problem w i l l  u sua l ly  be  an excessive jo i i i t  gap formation with t o o  
much pushthrough i n  t h e  upper quadrants  of t h e  pipe,  f i l l e r  w i r e  bound 
up wi th in  t h e  wire f eede r  d r i v e  and not feeding  i n t o  t h e  weld, or 
excessive puddle f l u i d i t y  i n  pipe v e r t i c a l  p o s i t i o n s  causing puddle 
flow away from t h e  e l e c t r o d e  t i p .  

6.9 F i l l  Passes  

S a t i s f a c t o r y  weld f i l l  passes  do not  appear t o  p re sen t  g r e a t  
problems. The second weld pass ,  or first  f i l l  pass,  r e q u i r e s  some 
s p e c i a l  c a r e  t o  proper ly  add f i l l e r  w i r e  and ob ta in  weld bui ldup  
without a f f e c t i n g  t h e  roo t  pas s  drop-through. Heat inpu t  s e l e c t i o n s  
f o r  t h i s  and subsequent passes  r e q u i r e  only fus ion  t o  t h e  previous 
pass  and t o  t h e  j o i n t  s idewa l l s .  O s c i l l a t i o n  of t h e  weld t o r c h  
assists t o  assure fus ion  i n t o  t h e  s idewa l l .  Current pu l s ing  t ends  
t o  maintain a stable weld puddle.  

Few programmer input  changes are requi red  f o r  i n i t i a l  f i l l  passes ,  
except  t o  add t o r c h  o s c i l l a t i o n  and t o  halve t h e  w i r e  f eede r  e x i t  t o  
p ipe  su r face  e n t r y  angle .  F i n a l  f i l l  passes  can be made with increased  
weld power, wider o s c i l l a t i o n ,  and faster w i r e  f e e d s .  An 11 o 'c lock  
f irst  f i l l e r  pass  start p o s i t i o n  gene ra l ly  he lps  t o  balance p a r t i a l  
d i s t o r t i o n  of t h e  pipe c rea t ed  by t h e  r o o t  pas s .  

6.10 Repair  Welding 

The o r b i t a l  welding system can a l s o  be employed t o  r e p a i r  some 
weld d e f e c t s .  Two common d e f e c t s  are i n t e r m i t t e n t  l ack  of f u s i o n  
a long  t h e  s idewa l l s  of a j o i n t ,  and cold,  b a l l e d ,  ropey- l ike  d e p o s i t s  
a long  a weld j o i n t  s idewa l l .  Resul tan t  d e f e c t i v e  su r faces  then  pre-  
vent  subsequent weld pass  puddles f r o m  wet t ing  and f lowing smoothly. 
Weld beads e x h i b i t  areas of l a c k  of f u s i o n  and void inc lus ions .  

P l ac ing  t h e  e l e c t r o d e  j u s t  ahead of t h e  poor ly  fused area and 
manually s t a r t i n g  a new weld pass  without  f i l l e r  w i r e  a d d i t i o n s  o r  
o s c i l l a t i o n  w i l l  g ene ra l ly  remelt ana f u s e  t h e  weld. Pinholes  can 
a l s o  be r epa i r ed  i n  a similar manner with t h e  t o r c h  loca ted  d i r e c t l y  
over t h e  p inhole  p r i o r  t o  a delayed e l e c t r o d e  "start-fire." 

A procedure t o  f i l l  l o c a l  weld areas which have been purposely 
ground ou t  t o  remove weld d e f e c t s  i s  t o  p l a c e  t h e  c a r r i a g e  about 1/2 
i n .  i n  f r o n t  of t h e  area t o  be f i l l e d ,  set a s h o r t  arc gap of 1/32 i n . ,  
and i n i t i a t e  a weld cyc le .  The AVC wire feed  c o n t r o l  w i l l  start t o  
add w i r e  as soon as t h e  arc gap inc reases  once t h e  c a r r i a g e  t r a v e r s e s  
t h e  recessed area. The w i r e  f eede r  motor w i l l  aga in  shut  o f f  on t h e  
far s i d e  of t h e  depressed area t o  permit manual weld downsloping. 
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7 .  SPECIAL ORBITAL EQUIPMFIIJT MAINTENANCE R.?ZQUIREMFNTS 

Orbital equipment used f o r  maintenance of r e a c t o r  systems may 
become contaminated. I n  such cases ,  r e p a i r s  t o  t h e  o r b i t a l  equipment, 
or component replacement opera t ions  may have t o  be performed i n  shielded 
hot  c e l l s .  Viton-rubber-coated r o l l e r  sur faces  may r e q u i r e  pe r iod ic  
interchange;  motors, c u t t e r s ,  to rches ,  e t c . ,  may have t o  be rep laced .  
Equipment maintenance procedures are l i s t e d  f o r  major equipment i n - c e l l  
components which might be subjected t o  contamination. Work experience 
t o  d a t e  sugges ts  a number of modi f ica t ions  which could be made t o  t h e  
o r b i t a l  equipment t o  provide b e t t e r  access  f o r  r e p a i r s  t o  be performed 
by remote c o n t r o l  i n s i d e  a hot  c e l l  and t o  reduce t h e  time requi red  
f o r  maintenance of t h e  o r b i t a l  equipment. The changes ind ica t ed  on 
t h e  b a s i s  of experience t o  d a t e  are descr ibed i n  t h e  fo l lowing  para-  
graphs.  

7.1.1 Drive R o l l e r s  

7.1.2 I d l e r s  

7 .1  Carr iage 

- Minor changes t o  t h e  wire t rough of each c a r r i a g e  
a r m  and provis ions  f o r  an e x t e r n a l l y  access ib l e ,  
f l a t ,  Winchester type  connector i n  respective 
motor c i r c u i t s  would permit f a s t e r  in te rchange  
f o r  spare  r o l l e r  assemblies .  The removal of 
two r o l l e r  end plugs and two r o l l e r  end cap 
screws and opening t h e  e l e c t r i c a l  connector  
f r e e s  t h e  d r i v e r s .  

- I d l e r  replacement p r e s e n t l y  r e q u i r e s  t h e  somewhat 
t ed ious  disassembly of e l e c t r i c a l  connectors ,  t h e  
c a r r i a g e  rear frame and s i d e  w a l l s ,  and t h e  l i n k  
p i n s .  For maintenance t o  be performed i n s i d e  a hot  
c e l l  some s i m p l i f i c a t i o n s  a r e  poss ib l e ,  e s p e c i a l l y  
with use of modified r i g h t  angle  e l e c t r i c a l  connector  
replacements.  We recommend j igged holddown devices  
f o r  a l l  ho t  c e l l  i d l e r  interchange ope ra t ions  t o  
maintain t h e  h ighly  c r i t i c a l  c e n t e r l i n e  alignment of 
t h e  jackscrews Fjith t h e  t o r s i o n  b a r  gear  and t h e  
torque  a:r:n scar. 

' 7 .  2 !3 l.ectrica1. Iterris 

Access i s  avaiLabLe Yor a l l  component e l e c t r i c a l  wi r ing  and acces-  
sory items by simply removing cover p l a t e s .  More ex tens ive  use of 
minia ture  connectors  might be d e s i r a b l e  f o r  e l e c t r i c a l  system p a r t s  
which might r equ i r e  maintenance dur ing  developmental t e s t  pe r iods .  

7 .3  Mi l l i ng  Head 

Hot c e l l  j i g s  w i l l  be requi red  t o  support  t h e  m i l l i n g  head f o r  
c u t t e r  replacement.  The c u t t e r  i s  replaced by removing t h e  b o l t  
holding it t o  t h e  output  s h a f t .  Washers a r e  employed t o  hold t h e  
c u t t e r  t i g h t l y  . 
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Improvements a r e  necessary f o r  more p r e c i s e  depth of cu t  a d j u s t -  

We 
ments and f o r  t h e  ho r i zon ta l  c u t t e r  placement adjustment.  
worm gear  replacements a r e  contemplated f o r  e x i s t i n g  mi t e r  gea r s .  
a l s o  p lan  t o  add an a i r l i n e  connection through t h e  r e a r  c a r r i a g e  panel  
t o  modify c u t t e r  motor forced cool ing and t o  keep ch ips  generated 
dur ing  c u t t i n g  from e n t e r i n g  gear  dr ives ,  t h e  motor, and t h e  pos i t i on ing  
adjustments .  

Prec is ion  

No problems a r e  expected f o r  rou t ine  c u t t e r  motor s e rv i c ing  i n -  
volving backplate ,  c o n t r o l  pane l  and c u t t e r  removal. Motor brushes 
can be replaced by simply moving t h e  motor p a r t i a l l y  out  of t h e  housing. 
The gear  t r a i n  connecting t h e  motor t o  t h e  output s h a f t  i s  se rv icab le  
by disassembling t h e  motor c a n i s t e r .  

For our  next model, c u t t e r  motor speed c o n t r o l  c i r c u i t r y  w i l l  be 
e l iminated from t h e  head and t r a n s f e r r e d  t o  t h e  programmer. 

7.4 Welding Head 

Pe r iod ic  c leaning  of t h e  weld head i s  important t o  prevent high- 
frequency a rc ing .  The weld head i s  disassembled by f irst  removing t h e  
w i r e  feed spool .  The to rch ,  o s c i l l a t o r ,  and wire feed mechanism s l i d e  
o f f  t h e  v e r t i c a l  guide as a u n i t  after t h e  removal of t h e  v e r t i c a l  
adjustment knob. The common mounting block i s  removed by unscrewing 
t h e  h o r i z o n t a l  guide p i n s  and t h e  setscrew on t h e  h o r i z o n t a l  a d j u s t -  
ment s h a f t .  The wire feed i s  disconnected from t h e  t o r c h  and o s c i l -  
l a t o r  by removing two screws. The feed pressure-ad jus t ing  screw 
should be removed t o  inspec t  bear ing  r aces  between r o t a t i n g  d i s k s .  

Spec ia l ,  simple remote t o o l i n g  w i l l  be required t o  rep lace  
threaded t o r c h  assemblies,  o r  t o  interchange e l e c t r o d e s .  

Jigs a r e  recommended t o  support  t h e  weld head f o r  hot  c e l l  
maintenance work. We p lan  weld head design change improvements f o r  
our  next model 's  o s c i l l a t o r  adjustment cam t o  t h e  l i d  l a t c h  device,  
and t o  t h e  h o r i z o n t a l  and v e r t i c a l  t o r c h  movement gear  t r a i n s .  
Present  i t e m s  do not  work w e l l  with remote t o o l i n g .  We a l s o  p lan  t o  
t r a n s f e r  t h e  present  "touchdown" l i g h t ,  which i n d i c a t e s  e l ec t rode  
con tac t  with t h e  work on setup,  from t h e  welding head t o  t h e  programmer. 

7.5 General 

I n  t h e  f u t u r e  w e  a l s o  hope t o  incorpora te  b r i g h t e r  d i r e c t i o n a l  
l i g h t i n g  f o r  both t h e  m i l l i n g  and weld heads, t o  poss ib ly  en large  t h e  
viewport openings, and t o  a l t e r  t h e  f r o n t  pane l  of t h e  c a r r i a g e  t o  
permit  improved viewing f o r  hot  c e l l  and ope ra t iona l  se tups  and 
poss ib ly  f o r  monitoring use i n  a c t u a l  r e a c t o r  r e p a i r  use .  

We are a l s o  i n v e s t i g a t i n g  f l u i d i c  sensing and c o n t r o l  devices  
f o r  remotely s e t t i n g  and c o n t r o l l i n g  o s c i l l a t o r  opera t ion .  Th i s  
would reduce cos t s ,  ga in  r e l i a b i l i t y ,  improve weld head r i g i d i t y  and 
compactness and e l imina te  maintenance time requirements t o  p lace  long 
handled t o o l s  i n t o  t h e  c e l l  t o  al ter t h e  present  e lectro-mechanical  
o s c i l l a t o r ' s  amplitude s e t t i n g s  requi red  f o r  successive f i l l  passes .  
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SECTION C 

8. PROGRAM PROPOSAL: DEVELOPMENT OF REMOTE CUTTING, WELDING AND 
INSPECTION EQUIPMENT FOR REACTOR SYSTEM MAINTENANCE 

8.1 Overa l l  Requirements f o r  Remote Cut/Weld Maintenance 

The ques t ion  of how maintenance w i l l  be accomplished is  one which 
must be answered a t  t h e  t i m e  a r e a c t o r  system i s  be ing  designed i n  
order  t h a t  appropr i a t e  p rov i s ions  f o r  maintenance w i l l  be included 
i n  t h e  des ign .  'Iln cons ider ing  t h e  design of a Molten S a l t  Breeder 
Reactor,  ORNL has  explored t h e  repor ted  experience i n  t h e  whole f i e l d  
of r e a c t o r  maintenance problems and methods of making r e p a i r s .  The 
advantages of welded j o i n t s  i n  nuc lear  systemsare gene ra l ly  recognized, 
bu t  t h e r e  i s  no s u i t a b l e  equipment f o r  performing remote c u t t i n g  and 
welding opera t ions  i n  t h e  ways r e a c t o r  system maintenance would r e -  
q u i r e .  However, t h e r e  are some new types  of equipment which show 
promise f o r  r ad ioac t ive  system a p p l i c a t i o n s  af ter  f u r t h e r  development 
of remote c o n t r o l s  and o t h e r  s p e c i a l  f e a t u r e s  f o r  work i n  h igh  r a d i a t i o n  
areas. 

The o r b i t a l  c u t t i n g  and welding equipment developed f o r  t h e  A i r  
Force and adapted for remote handl ing and opera t ion  by ORNL demonstrated 
good performance i n  t es t s  of a prototype u n i t ,  and t h u s  gave support  
t o  t h e  formation of a new philosophy f o r  maintaining p ip ing  systems 
and v e s s e l  c losu res  i n  r ad ioac t ive  systems. The new maintenance 
philosophy i s  t o  r e l y  on t h e  use of remote c u t t i n g  and welding equip- 
ment t o  remove from t h e  nuc lear  system any component which fa i ls  and 
t o  i n s t a l l  a replacement. Th i s  provides  a g r e a t  d e a l  more f l e x i b i l i t y  
and r e l i a b i l i t y  than  a p ip ing  system i n  which f langed j o i n t s  must be 
opened and r e sea l ed  by remote c o n t r o l .  Remote c u t t i n g  and welding 
would provide f o r  a l l  maintenance on t h e  p ip ing  system and on seal 
welding t h e  f langed openings i n  v e s s e l s .  For maintenance of t h e  
e l e c t r i c a l ,  ins t rumenta t ion  and o the r  systems, long-handled t o o l s  or 
s p e c i a l  remote c o n t r o l  devices  would be used i n  t h e  manner a l r eady  
demonstrated i n  t h e  MSN and o the r  r e a c t o r s .  

The o r b i t a l  equipment w i l l  r equ i r e  f u r t h e r  modi f ica t ions  and 
a d d i t i o n s  t o  meet t h e  s p e c i a l  needs of remote maintenance opera t ions  
on p ipes  and vesse l s ,  so  t h a t ,  f o r  example, t h e  equipment can be 
pos i t ioned  a t  t h e  work s i t e  by remote con t ro l ,  without be ing  a b l e  t o  
see d i r e c t l y  what i s  being done. The A i r  Force c u t t i n g  and welding 
equipment has  semi-remote c o n t r o l s  f o r  t h e  c u t t i n g  and welding opera- 
t ims  and t h e s e  w i l l  r e q u i r e  a d d i t i o n a l  s p e c i a l  f e a t u r e s  f o r  f u l l y  
remote c o n t r o l .  

Work on r ad ioac t ive  systems not  only r e q u i r e s  remote c o n t r o l s  
f o r  a l l  opera t ions ,  b u t  a l s o  r equ i r e s  t h a t  t h e  maintenance equipment 
be f a b r i c a t e d  of materials t h a t  resist  t h e  damaging e f f e c t s  of r a d i a -  
t i o n  and withstand high temperatures  and t h e  cor ros ive  a c t i o n  of 
decontamination chemicals.  The performance of remote maintenance 
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opera t ions  w i l l  r e q u i r e  s p e c i a l  attachments for viewing, measuring, 
and sens ing  from a sh ie lded  work area and f o r  performing inspec t ion  
opera t ions  by remote con t ro l .  
of h ighly  spec ia l i zed  apparatus  p l u s  new techniques and procedures 
f o r  examination, measurement and in spec t ion .  Remotely con t ro l l ed  
methods for a c c u r a t e l y  pos i t i on ing  and a l i g n i n g  l a r g e  p ipes  must be 
developed i n  o rde r  t o  be a b l e  t o  do high q u a l i t y  welding on p ipe  
j o i n t s .  There are many i n t e r r e l a t e d  and d i f f i c u l t  problems f o r  which 
s o l u t i o n s  are not  now a v a i l a b l e .  
below are proposed t o  provide t h e  needed equipment and techniques f o r  
remotely con t ro l l ed ,  automated c u t t i n g  and welding on h igh ly  rad io-  
a c t i v e  p ip ing  and components of nuc lear  systems. 

Th i s  w i l l  n e c e s s i t a t e  t h e  development 

The development programs descr ibed 

The remote maintenance equipment development program w i l l  f i r s t  
be concerned wi th  completion of t h e  t e s t i n g  and eva lua t ion  of t h e  
A i r  Force o r b i t a l  equipment with s p e c i a l  emphasis on improved c u t t i n g  
c a p a b i l i t y  f o r  extra hard m a t e r i a l s  such as a l l o y s  wi th  high n i c k e l  
content ,  and t h e  development of proper  techniques f o r  acceptab le  roo t  
pass  welding. Successfu l  completion of t h e  t e s t i n g  and eva lua t ion  
program should g ive  assurance t h a t  t h e  broader ,  long range development 
program can produce a f u l l y  automated and remotely con t ro l l ed  system 
which w i l l  meet t h e  r i g i d  q u a l i t y  requirements f o r  maintenance on 
nuc lear  systems. 

8.2 A Long-Range, Three-phase Development Program for Pipe and Vessel  
M a  i n t  e nanc e 

The long range program encompasses t h r e e  phases:  gene ra l  i n v e s t i -  
ga t ions  of welding requirements and remotely con t ro l l ed  equipment f o r  
welding, an  extended p ipe - jo in t  program, and a v e s s e l  c losu re  program. 
It i s  proposed t h a t  t h e  s tudy of gene ra l  remote welding problems and 
t h e  development of equipment t o  handle t h e  s p e c i f i c  problems of 
r e a c t o r  p ipe  j o i n t s  and v e s s e l  c losu res  should be  pursued concurren t ly .  
Remote welding equipment modi f ica t ions  can be developed, s tud ied ,  and 
t e s t e d  a t  t h e  same time gene ra l  s t u d i e s  are i n  progress ,  with r e f i n e -  
ments from t h e  gene ra l  s t u d i e s  be ing  added as they  become a v a i l a b l e .  

8.2.1 Phase I. The General Proaram 

W 

Major i n v e s t i g a t i o n s  under  t h e  gene ra l  program are t h e  b a s i c  
s t u d i e s  of f a c t o r s  t h a t  determine t h e  q u a l i t y  of welded j o i n t s  i n  
va r ious  metals, t h e  s t u d i e s  of d i f f e r e n t  welding techniques  and 
c o n t r o l s  needed t o  assure t h a t  weld q u a l i t y  c r i t e r i a  are m e t ,  t h e  
de te rmina t ion  of materials and components t h a t  w i l l  wi thstand t h e  
effects of r a d i a t i o n ,  temperature ,  and of chemical decontamination 
t rea tments ,  t h e  improvement of welding c o n t r o l s  and programming appa- 
r a t u s ,  t h e  development of equipment and techniques  for remote-control  
alignment of components, and t h e  de te rmina t ion  of environmental  and 
c l e a n l i n e s s  c r i t e r i a .  For t h e  appl ied  phase of  t h e  gene ra l  program, 
mockup work i s  planned t o  eva lua te  var ious  new or modified types  of 
equipment and remote con t ro l s ,  e s p e c i a l l y  t h e  p ipe  pos i t i on ing  and 
movement schemes designed t o  achieve acceptab le  p ipe  j o i n t  alignment 
p r i o r  t o  welding. 



It i s  a l s o  recommended t h a t  t h e  welding metal lurgy of i r r a d i a t e d  
materials be i n v e s t i g a t e d .  It is important t o  know whether neutron 
i r r a d i a t e d  pipe metal shows r a d i a t i o n  e f f e c t s  which w i l l  a f f e c t  welding 
and whether minute cracking w i l l  occur i n  hea t -a f fec ted  weld zones. 
A t  p resent ,  only l imi t ed  data are a v a i l a b l e  from tests conducted a t  
ORNL.20 
gave e f f e c t i v e  welds i n  only 70% of t h e  cases;a1 however, f u r t h e r  
t e s t i n g  ind ica t ed  t h a t  be t te r  c leaning  of t h e  metal su r faces  t o  remove 
salt res idues  p r i o r  t o  welding would so lve  t h e  problem. Test specimens 
should be obtained from a c t u a l  i r r a d i a t e d  s e c t i o n s  of r e a c t o r  p ipe  i n  
which t h e  combined e f f e c t s  of neutron i r r a d i a t i o n  and thermal  cyc l ing  
are p r e s e n t .  The Navy, has  informally expressed i n t e r e s t  i n  s tudying 
t h e  welds i n  h ighly  i r r a d i a t e d  sec t ions  of nuc lear  submarine p ipe  
systems. Valuable d a t a  and maintenance experience might be obtained,  
i n  cooperat ion with t h e  N a v y ,  by us ing  t h e  remotely con t ro l l ed  c u t t i n g  
and welding equipment t o  c u t  out and r ep lace  t e s t  s e c t i o n s  of t h e  ship-  
board nuc lear  system pip ing  s o  t h a t  t h e  removed s e c t i o n s  could be 
subjected t o  d e t a i l e d  study of t h e  old welds and of new welds made on 
t h e  i r r a d i a t e d  metal. 

Attempts t o  weld small cor ros ion  samples removed from t h e  MSRE 

8.2.2 Phase 11, The Pipe J o i n t  Program 

The cont inua t ion  of t h e  pipe j o i n t  program w i l l  r e q u i r e  development, 
and t e s t i n g  of prototype c a r r i a g e s  f o r  t h e  l a r g e r  p ipe  s i z e s ,  design,  
development, and t e s t i n g  of second genera t ion  c u t t i n g  and welding 
heads, and t h e  establ ishment  of s p e c i f i c  techniques,  methods and equip- 
ment f o r  c u t t i n g  and welding var ious  metals. It i s  also planned t o  use 
t h e  f ind ings  of t h e  environmental  s tudy and t h e  materials and components 
study, c a r r i e d  out under t h e  gene ra l  program t o  upgrade t h e  materials 
and components of t h e  pipe j o i n t  maintenance machinery t o  withstand t h e  
e f f e c t s  of r ad ia t ion ,  temperature,  and of decontamination t r ea tmen t s  i n  
a c t u a l  nuc lear  a p p l i c a t i o n s .  

8 .2 .3  Phase 111, The Vessel Closure Program 

A dua l  approach i s  suggested f o r  t h e  development of equipment f o r  
c u t t i n g  and welding of seals on t h e  manhole-type openings i n  l a r g e  
v e s s e l s  i n  r e a c t o r  systems. The i n i t i a l  c u t t i n g ,  beve l ing  and welding 
work w i l l  b e  performed us ing  var ious  commercially a v a i l a b l e  components 
adapted f o r  remote c o n t r o l .  Performance a p p r a i s a l s  from t h e s e  t es t s  
w i l l  permit t h e  development of modi f ica t ions  t o  overcome t h e  problems 
t h a t  are encountered and af ter  f u r t h e r  tests,  t h e  f i n a l  component 
s p e c i f i c a t i o n s  w i l l  be  e s t ab l i shed  f o r  i ndus t ry  t o  supply complete 
equipment systems f o r  f u r t h e r  t e s t i n g  on v e s s e l  c losu re  maintenance. 
Another p a r t  of t h e  program w i l l  b e  concerned with a p p l i c a t i o n  of 
o r b i t a l  veh ic l e  machinery t o  t h e  s p e c i a l  problem of seal welding on 
l i p s  i n s t a l l e d  around manhole covers .  The p ipe  welding development 
program w i l l  determine t h e  a p p l i c a b i l i t y  of t h e  modular i n s e r t  carriage 
scheme f o r  remote maintenance work. A f t e r  ob ta in ing  s a t i s f a c t o r y  per-  
formance on pipe welds, t h e  welding equipment could be mounted on 
s p e c i a l  c a r r i a g e s  designed t o  s u i t  t h e  manhole cover geometr ies .  
c a r r i a g e s  should u t i l i z e  t h e  same cu t ,  beve l ,  weld and in spec t ion  

These 

v 

W 
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i n s e r t s  and opera te  from t h e  same programmer as t h e  pipe welder.  
Great t ime savings and s i zeab le  d o l l a r  savings can r e s u l t  from applying 
such a system d i r e c t l y  t o  seal welding. Spare p a r t  problems and inven- 
t o r i e s  are a l s o  minimized. The f i n a l  procurement of  t h e  components 
s e l ec t ed  t o  s u i t  t h e  needs of a nuclear  environment w i l l  incorpora te  
t h e  most promising apparatus ,  materials and components ind ica ted  by 
t h e  development and t e s t i n g  a c t i v i t i e s .  

20. Molten S a l t  Program Semiannual Report f o r  t h e  Period ending 
February 28, 1966, ORNL Report No. 0rn-3936, p .  117, 1966. 

21. Molten S a l t  Reactor Experiment Monthly Report f o r  August 1968, 
ORNL Report No. MSR-68-123, p .  19, 1968. 
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