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r7,lJUSTIO:J: :illy i s  t l lcrc  only a l i ~ ~ i i t c d  alnount of nlurninufa bein:; v~cldec! with the  -- 
, i I G  2 roccs s  i n  tile aerosnacc indus t ry?  

'icrcciith - , j e I J i n ~  i n  t ; l ~  i lor izontal  ~ o s i t i o n ,  j o i n t  coil f i gu ra t ion  and 
p- 

d i s to r t l o r l  arc ~ r o l ~ l e i ; ~ a r i c .  ~ ' c  ,lac: n ?roblc;.l x i t h  Ilorizon'tal l ielding with 5IIG 
g e t t i n g  f u l l  pcilctratiuix witilout scarf'ing i s  t h c  ocs t  I can say a t  t h e  moment, 
I s e e  b e a u t i f u l  ~ i c l d i n g  done with t h e  ;.IIC; process  a t  L)ouglas. I t h ink  i n  ou r  
case  t!lis i s  t h e  reasoning and w e  did q u i t e  a b i t  o f  work t o  s t a r t  with.  i\le 
thought t h i s  was t h e  rou te  t o  go, much f a s t e r ,  l o t s  of  advantages. I don't  
t h ink  t h e  excess ive  n o r o s i t y  you g e t  has anythi.11q t o  do with the  yroblem. 

Wilson - I:ould soneonc on t h e  f l o o r  l i k e  t o  t ake  a few minutes and 
conment on t h i s ?  

Sapcrstei i i  (1)AC)- E tilink here we arc not  r c n l l y  t a l k i n g  about ?IIG vs. -.,----- 
'I'IG, rre'rc t a l ~ ~ g ~ ~ ~ ~ t  d e t a i l s ,  t h e  proccss  equi9ment. 'i'he main cause o f  
p o r o s i t y  i n  alwninurs is hydrogen. Tile :aain source of l~ydrogen i n  aluminum 
welding i s  water ,  I t h ink  .ric have deinonstrnted t o  ourse lves  t irat  bv c o n t r o l l i n g  
very  c a r e f u l l y  t h e  water o r  112 p o t e n t i a l  i n  t he  a r c  atmospilerc, you can 
v i r t u a l l y  e l imina te  t he  p o r o s i t y  ?roble:n, One of  t h e  reaso:ls t h a t  i ndus t ry  has 
experienced l e s s  p o r o s i t y  i n  TIC; welds than i n  N I G  welds i s  b a s i c a l l y  because 
of  t h e  clesign of t h c  torches .  I f  you bother  t o  t ake  a?ar t  any M I G  t o r c h  t h a t ' s  
nadc today, you w i l l  f i ~ l c l  cork ,:askcts, rubber "0" rirkps, arlcI o t h e r  s e a l i n g  
techniques t l i r i t  1 th ink  cvcryonc l i i i l  a!:rce arc: f a r  from ixin;: gootl. I t  taltcs 
l e s s  ti1LLl.l 0 ,  127 cc of  water t o  leak i l l t o  a s!lj.cldin;: qas w i t h  a deli voinl. 
of -80° t o  cause in to le rab le  poros i ty .  This i s  an abnormally small amount of 
water .  DAC has gone about e l iminat ing ,  i n  a l l  cases ,  the water p o t e n t i a l  i n  
the  a r c  atmosphere from the gas b o t t l e  used, the t r a n s f e r  l i n e s ,  the torch 
design, and the e x i t  dew point  of the sh ie ld ing gas; Lf a t  a l l  possible doing 
t h i s  while the  torch is  being operated,  And a s  a r e s u l t  of these preventive 
measures t h a t  have been taken, we have l i t t l e  problem with hydrogen and water .  
A s  I mentioned, i t  i s  not the process, but the too l  used i n  the process and i n  
some cases a lack of knowledge a s  t o  what i s  the cause of the  problem. 

Meredith - I ' d  l i k e  t o  coment  j u s t  a l i t t l e  more on t h i s .  Actual ly there  
a r e  two p a r t s  t o  t h i s  why TIG i s  the des i rab le  process t o  use.  I th ink poros i ty  
d i f ferences  can be el iminated,  but  the hydrodynamic head of molten metal you 
a r e  t ry ing  t o  hold up on the s ide  i n  hor izonta l  welding is the  b ig  problem, 

Sapers te in  - We a r e  doing some square b u t t  welding now i n  the hor izon ta l  
pos i t ion  with MIG,  It i s  working s a t i s f a c t o r i l y ,  but  we a r e  not  working with 
thicknesses t h a t  you a r e  t a lk ing  about .  We a r e  welding 3/8" ,  

Meredith - You a r e  not  g e t t i n g  excessive sagging? 

Sapers te in  - No, And a l o t  of t h i s  goes i n  the process of development; 
d e t a i l s  of changing the process t o  g e t  what you need. 

Parks - I ' d  l i k e  t o  make a comment from observation on the  app l i ca t ion  of - 
the  TIG process a s  i t  i s  present ly  being used and the MIG process a s  i t  i s  



being used by some of the o the r  cont rac tors  of MSPC. I think i t  i s  much I q u  

simpler t o  use the TIG process.  Consequently i t  seems t o  be t h a t  the 
cont ro ls  t o  produce the qua l i ty  weld required i s  more e a s i l y  produced by , 
the TIG process than the MIG.  I think people being fundamentally lazy,  
p r e f e r  t o  use the  TIG process i n  some area  than t%?Sxperior M I G  process. LL 
A s  the thickness of the mater ia l  decreases,  the MIG process has a  d e f i n i t e  
place f o r  super ior  qua l i ty  welds a s  compared t o  t h ~ s e  produced by the TIG 
process.  But i t  i s  more d i f f i c u l t  t o  con t ro l  because you a r e  introducing 
more v a r i a b l e s .  I have seen evidence from the  Boeing people of qua l i ty  
MIG welding on the Y-Ring sec t ions .  I think there a r e  some 30 lbs  of 
deposi t  per  j o i n t ,  and with 3 j o i n t s  there a r e  some 90 l b s .  of metal deposited 
i n  the ve r t i ca l -up  pos i t ion .  They have produced r ings  with 3 j o i n t s  with a s  
few a s  4 r e p a i r s ,  

Sapers te in  - This torch  design problem t h a t  I mentioned i s  something 
I bel ieve  the torch manufacturers should do something about .  We have very 
exo t i c  power suppl ies ,  but  i n  some cases we a r e  s t i l l  deal ing with very 
archaic  welding torches.  

Wilson - You equipment manufacturers - t h i s  i s  something t h a t  you can 
consider .  The second question - cleaning techniques used o r  recommended f o r  
DC s t r a i g h t  p o l a r i t y  process. 

Parks - Square b u t t  j o i n t  welding of 2219 a l l o y  does give a super ior  
j o i n t  from the standpoint  of d i s t o r t i o n ,  no j o i n t  preparat ion,  and higher 
degree of e f f i c i ency .  Mainly we have demonstrated t h a t  we can penet ra te  
using the buried a r c  technique. I would say t h a t  where we can apply t h i s  
I would use the process.  That e l iminates  j o i n t  preparat ion and some of the 
va r i ab le  required by the MIG process. I would qual i fy  the l a s t  sentence of 
the quest ion - I n  a l l  pos i t ions ;  pos i t ion  has a  t e r i f f i c  e f f e c t  on the r e s u l t s ,  
the  downhand pos i t ion  produces good r e s u l t s  from qua l i ty  s tandpoint;  ve r t i ca l -up ,  
exce l l en t  r e s u l t s .  Horizontal welding i s  something e l s e .  We do f ind  t h a t  we 
can expect a  lower qua l i ty  than we f ind  i n  the o the r  pos i t ions .  Again t h i s  
is  r e l a t e d  t o  ma te r i a l  thickness and the  app l i ca t ion  of the  process.  I 
suspect  t h a t  an inves t iga t ion  of the MIG process might prove super ior  i n  
l i g h t e r  gage mate r i a l ,  g:" and below. Precleaning a s  necessary t o  weld sound- 
ness ,  I w i l l  s t a r t  with a quest ion.  How clean i s  c lean  and what l e v e l  of 
c l ean l iness  i s  required t o  produce a good weld? I ' l l  answer t h a t  by saying 
I don' t  know. We do f i n d  t h a t  the 2219 ;;lll*dy i s  super s e n s i t i v e  t o  contamin- 
a t i o n  but simple contamination i s  a  f i n g e r  p r i n t .  I t ' s  amazing what a  f i n g e r  
p r i n t  a t  the bu t t ing  surface  w i l l  r e s u l t  i n ;  poros i ty ,  c racks ,  o r  j u s t  about 
anything. It  i s  t h a t  s e n s i t i v e  t o  c l ean l iness .  Consequently, we have t o  
have p a r t s  su rg ica l ly  c lean ,  o r  a s  clean a s  poss ib le .  But r e l a t i n g  poros i ty  
t o  time, temperature, humidity; I d o n q t  think we have a l l  the answers. The 
p a r t s  and pieces must be su rg ica l ly  c lean  and I c a n ' t  define su rg ica l  c l e a n l i n e s s .  

Wilson - Any comments from the f l o o r  on recommended cleaning procedures? 

Lemmond - I have a quest ion i n  add i t ion  t o  t h i s  c l ean l iness .  Have you 
run t e s t s  t o  f i n d  out  j u s t  how long you can allow a surface  t o  remain i n  the  
atmosphere without forming an excess Payer of oxide? 



Wilson - F i r s t  we must define atmosphere and what you mean by i t  and 
second we have found problems with delays of only 12 h r s . ,ye t  we have gone 
a s  long a s  7 days and produced a good weld. Gets i n t o  the 3rd quest ion 
r e a l l y ,  environmental cont ro l  05 dus t ,  d r a f t ,  temperature, e t c ,  

Hoglund - I n  reference t o  oxide buildups on aluminum - i f  the a i r  i s  
c lean ,  the oxide formed a f t e r  you do your preliminary s c r a p i n g , o r  t j i re  
brushing, w i l l  s t a y  p r e t t y  cons tant .  But i f  you s t r i v e  t o  a t t a i n  the con- 
d i t i o n s  here a t  NASA which a r c  n~uch c lcaner  than ours ,  you w i l l  f i n d  dus t  o r  
water or? ;&*: surface .  Other contttnlination can occur i n  5 minutes during a 
dust  storm o r  you might not have i t  f o r  n weck. So the l o c a l  condit ions 
determine the answer t o  your problem a s  I see i t .  

Wilson - I s n ' t  humidity qu i t e  a f a c t o r  too? Because it  can vary from 
day t o  day - say from 90% t o  20% o r  s o  the same day? 

Hoglund - There seems t o  be a r e l a t ionsh ip .  I f  the  oxides present  i n  
aluminum a r e  f r e e  of moisture i t  apparently doesn't  a f f e c t  i t .  How do you 
measure surface  oxides? I f  it contains hydrogen, the oxide coating i s  heavy; 
y e t  i t  contains hydrogen; you a r e  i n  t rouble .  It may be a s  simple a s  t h a t  
but  we c e r t a i n l y  haven't  been ab le  t o  prove i t .  

I know one time we had t o  bake the surface .  By j u s t  p l a i n  
preheating a t  250 made a l l  the d i f ference  i n  the  world between sound welds 
and unsound welds. That preliminary baking had a tremendous e f f e c t  on 
poros i ty  and apparently moisture t h a t  was absorbed on the surface .  

P l a t z  - We have had a l o t  of comments but I don' t  th ink  we have r e a l l y  
answered the las t  quest ion a s  t o  what cleaning techniques o r  procedures a r e  
recommended. 

Parks - The cleaning procedure a t  MSFC - We have es tab l i shed  what we - 
c a l l  a countdown i n  preparat ion t o  welding some of the  large assemblies - 
hulkhead, Y-Ring, cyl inder ,  e t c .  Preparatory t o  the countdown a s  we 
approach the c r i t i c a l  time of the cleaning,  the clcaning i s  accomplished 
by manually scraping the p a r t  and washing with alcohol .  You have seen the 
old-fashioned scrappers,  there i s  no s t e e l  wool o r  buffing used. 

P l a t z  - This leads t o  my next question with your so  ca l l ed  tongue and - 
groove type j o i n t s .  I t  seems t o  me tha t  t h i s  i s  a r a the r  d i f  f i c u l r  type 
j o i n t  t o  t r y  t o  draw E i f . 2 .  - We know t h a t  the but t ing  faces  a r e  
prepared by mi l l ing .  I f  you accomplish a very good degree of cleaning o r  
c l ean  base meta ls ,  and i f  you weld wi th in  a reasonable length of t i m e ,  you 
haven't  picked up enough oxide t o  present  a problem. One o the r  comment, i n  
a v e r t i c a l  o r  downhand pos i t ion  weld-- I f  we had t o  do t h i s  i n  a hor i zon ta l  
pos i t ion  we would f ind  some o the r  means of holding those p a r t s  i n  alignement. 

Meredith - We draw f i l e  and scrape the  same way, but  we have found t h a t  
t h i s  wiping i s  a problem, The scraping method i n  our experience i s  the  most 
s a t i s f a c t o r y  method, more so  than chemical e tching o r  wire brushing. Wire 
brushing i s  the  poorest .  There a r e  o the r  places where, chem etching o r  wire 
brushing i s  adequate and much cheaper. 



~ u c s t i o n  - To what extent  a r e  welding processes cont ro l led  r a t h e r  than 
welders being c e r t i f i e d  f o r  the production of welding? 

Wallace - F i r s t ,  I ' d  l i k e  t o  kick around the word c e r t i f i e d .  When we 
t a l k  of c e r t i f i c a t i o n  a t  United A i r c r a f t ,  we think i n  terms of the t o t a l  
process which includes the welder. I am assuming t h a t  the requestor  had 
i n  mind machine welding. This morning i t  was discussed t h a t  semi-automatic 
welding was a machine t h a t  has c e r t a i n  program contro ls  b u i l t  i n t o  i t .  

It seems t o  me t h a t  i t  is  completely necessary t o  f u l f i l l  t h i s  c e r t i f i -  
c a t i o n  by determining f i r s t  of a l l  the condit ions under which the  mater ia ls  
i n  quest ion a r e  t o  be welded; now I ' m  t a lk ing  about process se lec t ion ,  and 
i n  a completely a l l  embracing welding development program which now r e s u l t s  
from t h i s  process s e l e c t i o n .  So i t  follows log ica l ly  t h a t  once the process 
and con t ro l s  a r e  se lec ted  and the  demonstration completed t h a t  t h i s  is  the 
route t o  follow, the people who have been capable of doing t h i s  s o r t  of th ing  
o r  accomplishing t h i s  development program should i n  e f f e c t  d i c t a t e  by some 
mechanism such a s  process routing sheets  which a r e  very e x p l i c i t  and de ta i l ed  
including p ic tu res  and isometrics  a s  the  case may be so  t h a t  the word 
c e r t i f i c a t i o n  o r  q u a l i f i c a t i o n  become one. The opera tor  o r  welder become one. 
We l i k e  t o  th ink of a program before giving i t  t o  manufacturing a s  having a 
complete and thorough shakedown where the welding engineer, h i s  technica l  
people, o r  technicians a t  an operat ing l eve l  can a t  any time de-bug the  process 
before it goes i n t o  production by v i r t u a l l y  understanding i t  from having 
worked with i t  from i t s  beginning. He should be able  t o  put h i s  f i n g e r  
d i r e c t l y  on a problem. C e r t i f i c a t i o n  is  a nebulous thing a t  t h i s  point .  

Atkins - Are you saying t h a t  development documentation a r e  replacing 
our o ld  concept of shipyard qua l i f f ca t ion?  

Wallace - I believe t h i s  t o  be the case .  I n  our business of bui ld ing a 
conventional a i r  c r a f t  engine - You gentlemen i n  the aerospace o r  rocketry 
business know t h a t  you don't  j u s t  walk up t o  a p a r t i c u l a r  problem which is  
a design t h a t  must be consumated by welding and say t h a t  you a r e  going t o  do 
t h i s  and t h a t .  It j u s t  doesn' t  happen. More o f t e n  than not ,  you only have 
one o r  two t r i e s .  Af te r  t h a t  it" too l a t e ,  We were discussing t h i s  the 
o t h e r  day when we were t a lk ing  about mut i la t ion  of weldments a s  a means of 
s a t i s f y i n g  some qua l i ty  s tandard.  I n  r e a l i t y  you produce an  i n f e r i o r  product.  
This i s  unnecessary i f  enough preplanning w3nt i n t o  the e f f o r t  before s t r i k i n g  
the a r c  t o  make a p a r t i c u l a r  component. 

Seamans - We ta lked about c e r t i f i c a t i o n  of welders and procedures. 
What do you th ink of c e r t i f i c a t i o n  of eqrlipmemt per  s e ?  

Wallace - I t r i e d  t o  cover t h a t  by saying t h a t  I don't  necessa r i ly  
be l ieve  i n  a mechanism c a l l e d  a c e r t i f i c a t i o n  document t o  s a t i s f y  some QA 
person because you a r e  working t o  a spec t h a t  has a l o t  of words w r i t t e n  
i n t o  i t .  I f  you have done a good job of analyzing parameters t h a t  a r e  
necessary t o  bui ld  t h i s  component we a r e  t a lk ing  about,  t h i s  i n  i t s e l f  i s  
automatic c e r t i f i c a t i o n .  You a r e  not going t o  use a piece of equipment t h a t  
i s  i n f e r i o r  t o  s t a r t  with.  I f  you have a r e a l  c o s t l y  product t h a t  you a r e  
going t o  make, a r e n ' t  you going t o  know how t o  i n t e l l i g e n t l y  apply t h i s  piece 
of equipment t o  do t h i s  p a r t i c u l a r  job? 



Hutchinson - W i l l  you have problems of r e p e a t a b i l i t y  o r  the  thing 
breaking down somewhere along the l ine?  

Wallace - I presuppose t h a t  you a r e  t a lk ing  about the kind of 
equipment t h a t  is  appl icable  t o  the amount of money the component you a r e  
bui ld ing c o s t s .  I f  on the o t h e r  hand you a r e  t a lk ing  of a job shop operat ion 
t h a t  involves q u a l i t y  welding, then someone discussed here  the need f o r  
instrumentat ion a s  a means of " i n  process" con t ro l .  This perhaps can be 
construed t o  be a form of c e r t i f i c a t i o n .  

Hutchinson - There a r e  spec i f i ca t ions  imposed on the cont rac tor  requi r ing  
c e r t i f i c a t i o n  of both operators  and equipment. 

Wallace - Yes, I am a v ic t im of some of those con t rac t s ,  and I f o r  one 
know t h a t  you must follow the l i n e ,  but I don't  necessar i ly  agree with t h i s .  

Weck - It may i n t e r e s t  you t o  know the scheme used i n  England. This is - 
not  the c e r t i f i c a t i o n  scheme, but  any equipment manufacturer has t o  put  a 
new piece of equipment i n t o  our labs .  We t e s t  i t  and inspect  i t  t o  the  
l i m i t s  of what i t  i s  designed t o  do. The manufacturer then receives the 
conf iden t i a l  r epor t  from us which w i l l  reveal  a l l  the weaknesses we have 
discovered i n  the  equipment and subsequently they can ca r ry  out  c e r t i f i c a t i o n s  
of t h e i r  own. The advantage of t h i s  i s  t h a t  we have not an axe t o  gr ind .  We 
can do the  t e s t i n g  of equipment i n  a completely d i s i n t e r e s t e d  manner whereas 
i f  the  t e s t i n g  i s  done a t  the manufacturers, you always have people involved 
who themselves were engaged i n  the  development, design, and const ruct ion  of 
the  equipment. 

Hutchinson - A t  MSFC what c e r t i f i c a t i o n s  do you requi re?  

Wilson - We wr i t e  the specs. We c e r t i f y  the equipment i n  manufacturing 
development and e s t a b l i s h  the requirements t o  meet a l l  requirements e s t ab l i shed  
by our  engineering people. We c e r t i f y  our equipment and people by a performance 
t e s t  which shows a t  l e a s t  f o r  t h a t  day there  a r e  no problems. 

Atkins - I don't  know of any spec t h a t  does not requi re  c e r t i f i c a t i o n  
s o  i don' t  th ink  you have any choice. 

Wallace - My f i r s t  thought i s  t h a t  a cont rac tor  would take a good hard 
look a t  the  f i r s t  p a r t  he produces by a p r ~ e s s ,  properly tooled,  properly 
engineered, and would decide t h a t  here i s  where we a r e  going t o  take off  
from, t h a t  t h i s  i s  the  base l i n e .  I did not mean t o  imply t h a t  there  should 
not be in-process con t ro l  a s  you go on,  But what b e t t e r  evidence could one 
want than the f i r s t  p a r t  being successful ,  

Hoglund - Operator performance q u a l i f i c a t i o n  i s  a waste of time, money, 
and e f f o r t  and i t  doesn't  cont r ibute  t o  your q u a l i t y .  It is  a personnel 
problem more than a QA problem. A l l  personnel problems a r e  headaches. I ' m  
not  t a lk ing  about performance qua l i f i ca t ion ;  I ' m  t a lk ing  about the opera tor  
and welder. I don't  th ink  i t  adds anything t o  the  p ic tu re  and we don' t  answer 
i t  by opera tor  q u a l i f i c a t i o n .  We should s t a r t  a l i t t l e  a c t i o n  t o  e l iminate  
t h i s  opera tor  q u a l i f i c a t i o n .  



Wallace - I f  we look back over the years a t  the time these specs became1 
mandatory i n d u s t r i c a l l y ,  i t  was during the war years  when there  were no 
standards f o r  a qua l i f i ed  opera tor .  That was some 20 years ago and I th ink 
now t h a t  they a r e  obsolete a s  f a r  a s  operators  and equipment a r e  concerned. 
I know t h a t  we have argued f o r  some years a s  t o  the unnecessary expense of 
c e r t i f y i n g  an opera tor  t o  a MIL Spec when we s t i l l  have t o  t r a i n  him f o r  a 
s p e c i f i c  job. 

Mortimer - We a t  Boeing were s a t i s f a c t o r y  with our c e r t i f i c a t i o n  by 
e s t a b l i s h i n g  production condit ions.  Use production too l s  and s e t t i n g s  and 
then run your weld t o  these s e t t i n g s ,  sec t ion  your p a r t s  f o r  physical  and 
mechanical p roper t i e s ;  i f  you keep these s e t t i n g s ,  r e p e a t a b i l i t y  i s  very 
successful .  

Wilson - Lets go t o  another area  and leave c e r t i f i c a t i o n  requirements. 

Ingram - A t  the  conclusion of the meeting, I ' d  l i k e  t o  comment on t h i s  
a rea  about a plan we have been t ry ing t o  i n i t i a t e  and I hope t o  ge t  about 
30 of you people t o  p a r t i c i p a t e .  

Hackman - Question No. 5 i s  d i rec ted  a t  the  development of con t ro l s  t o  
c o r r e c t  f o r  va r i ab les  t h a t  may occur during the welding process. This is  
a personal  point  of view now and not the company's: I t ' s  n ice  t o  t r y  t o  
con t ro l  things but  f i r s t  you have t o  understand them. There a r e  a g r e a t  
dea l  of th ings  t h a t  a r e  not understood about the MIG and TIG welding process,  
p a r t i c u l a r l y  the  MIG process.  Example: under a s t e p  function change i n  the  
MIG, i t  may take upwards of 12 cycles f o r  the system t o  r e -es tab l i sh  equil ibrium. 
This  i s  without regard t o  the con t ro l .  This i s  the se l f - r egu la t ion  charac ter -  
i s t i c - -012  cycles .  You can do a l l  you want i n  the way of con t ro l  and power 
supply, but  you can ' t  beat  i t .  You can put i n  a l l  re lays  t h a t  you want o r  
take a l l  out  t h a t  you want, t h i s  w i l l  e f f e c t  about 6 t o  8 cycles of the  
response. It does not  determine the f i n a l  readout o r  l e v e l  out  time. I f  
you accept  t h i s ,  then obviously you a r e  looking f o r  a very quick change o r  
co r rec t ion  t o  a system. You a r e  not  going t o  g e t  i t  out  of current  o r  
vol tage;  i n  f a c t  we don't  know what you can g e t  i t  ~ u t  o f .  Secondly, i t  i s  
q u i t e  poss ib le  t o  have a MIG a r c  operat ing with a good s e t  of recording meters,  
something t h a t  r e a l l y  responds. The a r c  can v i s i b l e  change lanes i n  amounts 
q u i t e  easy t o  see  and y e t  the bes t  voltmeter i n  the  world w i l l  not  ind ica te  
any change because a t  the  point  you picked i t  up, there  was no change. This ,  
we be l i eve ,  i s  the  r e s u l t  of emission change i n  the wire.  There a r e  ways of 
s t a b i l i z i n g  t h i s .  I f  we ge t  the  whole system pure enough, the u l t imate  i n  
sh ie ld ing  gas pur i ty  and del ivery  t o  the system, you w i l l  have a system s o  
uns table ,  you cannot operate.  I t  requi res  impurites t o  make a s t a b l e  a r c .  
This  i s  a bas ic  law of physics. 

Wilson - Any comments from the  f l o o r ?  

Mi l l e r  - We have done some work i n  t h i s  f i e l d  and have found t h a t  seam 
welds i n  the r e f rac to ry  a l l o y s  can be t i e d  t o  the expansion t h a t  takes place 
i n  the  weld. I might comment here even though MIG & TIC a r e  my f i e l d s ,  I 
know enough about r e s i s t ance  welding t o  know t h a t  i t  i s  f a r  more amienable 
t o  t h i s  type feed back con t ro l .  And t h i s  doesn' t  mean t h a t  you c a n ' t  get dead back 
out  of MIG o r  TIG. 



Jackson - This X-ray method t h a t  D r .  McMasters was t a lk ing  about -- 
yesterday might prove e f f e c t i v e  on t h i s  program. 

Meredith- How do you use t h a t  process where there  i s  tool ing  involved? 

Jackson - Bob s a i d  t h a t  was s t e p  2 t h a t  we haven' t  come t o  y e t .  You 
have got  t o  g e t  the tooling out  of the way and you have t o  br ing  t h i s  
scanning device wi th in  314'' of the  back of the weld. 

Mi l l e r  E l e c t r i c  - Bob, wouldn't you agree t h a t  a l l  of us a r e  attempting 
t o  do some development work i n  the  development of programmable con t ro l s ,  
however, we a l l  a r e  encountering what you j u s t  pointed ou t .  So t h a t  the  
appropr ia te  va r i ab les  w i l l  produce qua l i ty  welds under varying condit ions.  
Very o f t e n  we g e t  requests  f o r  specs on building welding equipment. 

Hackman - It is possible t o  meet the  exact  i n t e n t  o r  exact ly  what is  
down i n  black and white i n  a  spec f o r  a  piece of equipment t h a t  may not weld-- 
i t ' s  t r u e .  The spec does not point  out  t h a t  i t  a l s o  must weld. This i s  what 
you judge a machine by, does i t  o r  does i t  not  make the  product.  When you 
a r c  sometimes groping f o r  response times t h a t  a r e  s i g n i f i c a n t ,  you hope t o  
a t t a c h  numbers t o  them t h a t  a r e  a l s o  meaningful. It i s  possible t o  a sk  f o r  
response t h a t  is wel l  beyond the system response. I ' m  sure the bu i lde r  can 
bu i ld  i t ,  but  i t  i s  poss ib le  t o  bui ld  it t o  where the r e l i a b i l i t y  w i l l  go 
the  o the r  way. You want t o  be c a r e f u l  not t o  speci fy  things t h a t  a r e  r e a l l y  
not  needed. 

? - I s n ' t  i t  possible t h a t  with t r ans i s to r i zed  c i r c u i t s  we 
might g e t  a  system t h a t  could respond wi th in  the 12 cycles? There a r e  appear- 
ances beyond the horizon t h a t  may cor rec t  t h a t .  

Hackman - Probably any commercial power supply ava i l ab le  w i l l  meet t h i s  
requirement, but  we have t o  look a t  the complete system. The a r c  is p a r t  of 
the  system and i t  has c e r t a i n  dynamic response c h a r a c t e r i s t i c s  to  i t .  From 
a meta l lu rg ica l  s tandpoint  t h a t  weld is cooling and s o l i d i f y i n g  and the  
r a t e  of t h i s  i s  d ic ta t ed  t o  a  la rge  extent  not only by power supply hea t  
input  but  hea t  t r a n s f e r  away from the weld. That i s ,  what a r e  the hea t  
t r a n s f e r  c h a r a c t e r i s t i c s ?  We should not  overlook the o the r  components of 
the  system. 

Hoglund - The development of programmable cont ro ls  implies t o  me a weld 
process i n  which changes of c e r t a i n  welding va r i ab les  w i l l  be required.  
Regardless of how many cycles i t  takes t o  accomplish the t a sk .  This i s  one 
of the  design f a c t o r s  t h a t  determine whether a  piece can be programmed. 

Meredith - I think what we a r e  t ry ing  t o  determine is  what is  a c t u a l l y  
happening while the  weld is being made. You want t o  be able  t o  make these 
co r rec t ions  during the weld and not a f t e r  the f a c t .  The point  t h a t  I wanted 
t o  make i s  t h a t  these va r i ab les  a r e  g e t t i n g  a t t e n t i o n .  

Wilson - I want t o  combine questions 6 & 15. What i s  your opinion of 
the  need f o r  the poros i ty  s tandards now used f o r  the  aerospace industry? 



Meredith - I would put a note on the s ide  of #I5 saying t h a t  we need a 
MIL o r  NASA standard.  Everybody has t h e i r  own porosi ty s tandards.  I ' m  
s u r e  t h a t  we can l i v e  with a l o t  more poros i ty  than we have. The X-ray 
people a r e  going t o  read the  X-rays a s  they want regardless  of the  spec ,  
I f e e l  t h a t  the  only poros i ty  problem we have i s  loss  of cross  sec t iona l  
a r e a .  I f  you have a build-up of the weld, you can l i v e  with a l o t  more 
poros i ty  than i f  you shave i t  o f f .  

Seamans - I guess t h i s  depends a l o t  on where poros i ty  l i e s .  

? We can concur with what D r .  Weck s a i d  yesterday about aluminum 
magnesium welds and I don't  th ink  i t  changes too much with a l l o y s .  Such 
th ings  a s  poros i ty  do not  a f f e c t  s t r eng th  but anything which gives you a 
notch and the inc ip ien t  cracks a t  the surface .  

Tignor - A t  the  Martin Company we a r e  degrading the weld nugget i n  order  
t o  g e t  a s a t i s f a c t o r y  radiographic conception. We have found t h a t  the  
poros i ty  l e v e l  i n  a weld t h a t  has been hea t  t r ea ted  is  not the  same a s  one t h a t  
has no t .  Which i s  f o r  our own good, because when you go back and r e p a i r  
them,you have t o  go through another heat  t r e a t  cycle .  

Hoglund - One place where poros i ty  d i s t r i b u t i o n  i s  an important f a c t o r  
from a p r a c t i c a l  s tandpoint  i s  i n  the e l ec t rode .  Nobody has come up with a 
t e s t  f o r  an e lec t rode ,  so we don' t  have a t e s t  f o r  t h i s  porosi ty d i s t r i b u t i o n  
you g e t  with i t .  

Sapers te in  - What a r e  the aluminum supp l i e r s  doing about reducing hydrogen 
i n  aluminum? 

Hoglund - The mater ia ls  a r e  fluxed and manufactured t o  con t ro l  c o s t s .  I f  
the  hydrogen i n  commercial products i s  too g r e a t ,  we don' t  know about i t  alld 
a r e  con t ro l l ing  i t  according t o  good commercial p rac t i ces .  I h e s i t a t e  t o  say 
t h a t  poros i ty  i n  welds comes from gas i n  the metal;  i t  may come from gas on the 
surf  ace of metal o r  e lec t rode  . 

Atkins - I f  you have a pore, i t  does not mean t h a t  you have gas.  I n  
cas t ing  you have got shrinkage and t h i s  can r e s u l t  i n  a pore without gas .  

Hoglund - Are you encountering poros i ty  i n  EB welding o r  a r e  you g e t t i n g  
poros i ty  i n  something e l s e  i n  attempting an EB weld? 

Meredith - I th ink i t  i s  p o r ~ s i t y .  88% of the poros i ty  i s  caused by H2, 
not  o the r  gases.  

Sapers te in  - The poros i ty  problem i s  aggravated due t o  the  f a c t  t h a t  you 
a r e  working i n  a vacuum. The s i z e  of the  pore is inverse ly  proport ional  t o  
the  d i f ference  of a p a r t i a l  pressure of hydrogen and the p a r t i a l  pressure of 
the  atmosphere above the  molten mate r i a l .  

Hoglund - What you a r e  saying i s  then t h a t  there  i s  gas i n  the  base metal .  



Brooks - To add a l i t t l e  ancient  h i s t o r y  t o  t h i s  p ic ture- -severa l  companies 
back i n  the 40 ' s  were doing some work on the e f f e c t  of H2 i n  aluminum. Some 
progress was made i n  the degassing methods and t h i s  was cleaned up r a t h e r  we l l .  
I n  recent  years  I have not run across t h i s  high porosi ty t h a t  ex i s t ed  i n  the  
l a t e  40 's  and e a r l y  5 0 ' s .  

Atkins - I n  EB welding, gas i n  the metal may be a very important f a c t o r ,  -- 
but  t h i s  hasn ' t  been s tudied .  I f  t h i s  is the case we a re  i n  a bad s p o t .  
Because t o  g e t  i t  any l e s s  than i t  i s  present ly  8 r e a l  tough proposi t ion.  

Hackman - I th ink i t  i s  possible t o  t r a p  i n e r t  gas and t h i s  might be the 
problem i n  an a c t i v e  metal l i k e  t i tanium, anything w i l l  r eac t  during a weld 
except an i n e r t  gas.  So you have t o  assume t h a t  any pores w i l l  be caused by 
a n  i n e r t  gas.  On o the r  metals when we have suspected t h a t  gases were included 
i n  the  base metal,  we run a vacuum melt of the mater ia l  p r i o r  t o  the  EB weld 
o r  whatever o the r  type weld we want t o  make. Wouldn't t h i s  be a very simple 
t e s t  t o  apply t o  aluminum? 

Wilson - Not on aluminum a l l o y s .  That would not apply. 

Brooks - To c l a r i f y  a few things about gas i n  aluminum---The f i r s t  problem, 
and we a r e  doing everything possible t o  co r rec t  i t ,  i s  the  gas on the  surface  
of the  metal .  The g r e a t e s t  source of moisture when bu t t ing  two surfaces  i s  
r i g h t  i n  the middle, You may come t o  the conclusion then t h a t  the gas i s  
coming from the metal when i t  a c t u a l l y  i s  from the surface .  

Meredith - But running bead-on-plate, the spher i ca l  pores show up. 

Atkins - What about the group t h a t  was formed t o  e s t a b l i s h  s tandardiza t ions  
of aluminum? (To M r .  Ingram) 

Ingram - We have endeavored t o  e s t a b l i s h  working committees t h a t  would 
be divided i n  p a r t .  I f i n a l l y  received the data i n  Ju ly  and we had a s t a r t i n g  a 
committee t o  evaluate i t .  We forwarded a l e t t e r  t o  J u l i a n  Kobler and about 
th ree  weeks ago he c a l l e d  me. We agreed t o  ge t  together  and e s t a b l i s h  o the r  
f a c t o r s  and ge t  the committee i n t o  opera t ion .  I ' m  going t o  ask you people 
now a s  t o  how many of you a r e  r e a l l y  wi l l ing  t o  work on a working committee. 
Once we have cor re la t ed  some of t h i s  information t h a t  is  so  necessary, there  
i s  a group i n  the  AWS who have been working on drawing standards and they have 
a wealth of information. 

Wilson - What i s  the  p o t e n t i a l  i n  using plasma f o r  joining? 

Hackman - The process a s  f a r  a s  my company i s  concerned i s  coming out  of 
the  development s t age .  There i s  equipment out  which is  being used i n  
production. This  is  being used almost e n t i r e l y  on two app l i ca t ions ;  the 
welding of r e f rac to ry  metal compacts i n  order  t o  make e lec t rodes  f o r  the  
f i n a l  r e f in ing  process and f o r  the welding of s t a i n l e s s  s t e e l  pr imar i ly  on 
tube m i l l s .  Here, we a r e  probably more concerned with aluminum. I wish t h a t  
some of the  r e s u l t s  we g e t  with s t a i n l e s s  could be achieved with aluminum, 
bu t  s o  f a r  t h i s  has not  been the case .  It would be a l o t  of advantage t o  have 
a process t h a t  would weld the  bulkhead t o  the Y-ring i n  l e s s  than 7% hours. 
P o t e n t i a l l y ,  a t  l e a s t ,  Plasma has t h i s .  The d i f f i c u l t y  is  t h a t  the  surface  
condi t ions  leave something t o  be des i red  i f  i t  i s  a s i n g l e  pass weld, adding 
f i l l e r  metal then perhaps you don't  ca re .  We have t o  work qu i t e  a s h o r t  
nozzle t o  work d is tances  compared t o  what we can use i n  o the r  metals .  I ts  
got  p o t e n t i a l ,  but  on aluminum i t s  not around the  corner .  
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