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ABSTRACT 

T h i s  repor t  contains a s u ~ ? r a r y  of sccrnpliskaents during 
the first nine months of a two-phase research program to 
develop methods, tooling concepts, and processes to control 
the tine-tenperature characteristics in the w e l d  and heat 
affected zone, in order t o  inprove tensile p r o p e r t i e s  and  
r e d u c e  p o r o s i t y  in aluainum weldments. 

The resu l t s  of the f irs t  phese,  which consisted of a 
survey of l i t t ; c ? r a t u r e  and industry. w e r e  r p p o r t e d  i,n August 
f G 6 5  ( i i A - 2 1 7 4 ) ,  Equipsent  has been modified, with i n s t r u -  
mentation insralled t o  monitor w e l d i n g  virisbles. An 
evaluatior! of infrared r a d i o m e t e r s  for application to the 
p r o g r a z  is in progress, and some favorable results  are 
indicated. Tentative t b e r n a l  patterns for comparison of 
c k l i l l e d  and unchilled weldmertts have been obtained. These 
p a t t e r n s  show t h a t  chilling with liquid COz substantially 
increases the cooling rate of weldments in bot3 5/16'' and 
1 /2"  2014-T6 p l a t e .  Macroseetions show reduced  w i d t h  of 
\ e a t  a f f e c t e d  zone and sraalier grain s i z e  f o r  chilled w e l r l -  
qents. Preliainary results of X-ray examination and t e n s i l e  
t e s t s  i n 2 i c a t c  t v & a t  c F i i l l i n g  with l i q u i d  CG? rocfurcr_r pcrczity 
and inproves tensile p r o p e r t i e s .  Work on modification of 
eqGi pment and ref i ne!rl;ent of t e c k n i q u e s  f o r  producing and 
controlling optinurn thermal p a t t e r n s  is in progress. 



During the  four month p e r i o d  of Phase I, sixty-three 
reports of previous work in related fields were reviewed, 
and seventeen industrial. an3 governmental organizations 
were contacted. Zy combining the pertinent information 
from this survey w i t h  t h e  o r i g i n a l  t e c h n i c a l  c o n c e p t ,  a 
program plan was d e v e l o p e d  for t h e  experimental  work to 
5e performed in P h a s e  1 1 .  Pla te r ia i s  k a v e  $ 1 3 0 ~  procured 
and preiiminary modification of equipment h a s  been completed. 
.:xperizental xurk has been i n l  r i  a t e d ,  w i t h  preparation of 
r e fe rence  weldments and p r e l i m i n a r y  studies using l i q u i d  CO2 
for chilling. Tentative d a t a  \ a w  keen obtained f o r  thermal 
p a t t e r n s ,  t e n s i l e  propzrties a n d  porosity c o n t e n t  of chilled 
and  unchilled welds in 2014-T6 plate. 

€3. Literat ure Reviewed 

The p u f p o s e  of t h e  survey was co obtain information 
which xi;zht  bi. helpful in t h e  perforTazce of this program, 
by avoidtns Zupiication of ~ f f n r t  sr,d!’sr t--- 7 suppiementing 
t h e  original progr im concep t .  

C u r r e n t  abstract bulletins pubf i sL ,ed  b y  =)?e t ;a t ional  
Aeronautics arid S p a c ~  AdTinistritlon {STArZi and by the 
DefcnsP Docuaectation C e n t e r  ( T A R )  were c h e c t e d  for r e p o r t s  
of wori. p e r t i n e n t  to fusion w e l d i n g  of a luminum,  and s i g n i -  
ficant rGports were a c q u i r e d  for rcviek-. 

A s i m i l a r  survey  was made of applicable t echnicaf  hooks 
and periodicals, inc luding those of t f i e  Arnerican Melding 
Society, the American Society for Metals, and tr?e Anerican 
Instieure of Mini93 an2 l - l e t a l lu re i ca l  - S n g i n e e r s .  Particular 
m p h a s i s  was dsvotfsr! to issues of the Welding J o u r n a l  pub- 
lished d u r i ~ i ~  t h e  p a s t  ten years. 

Sixty-three reports were selected for review and w e r e  
c l a s s i f i e d  under - t b ~ - e e  general su%ject areas accsr2fing to 
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their p r i n c i p a l  i n t e r e s t  to thiis p r o g r a ~ :  (I? Ti-e-Te~pera- 
ture Studies. ( 2 )  Ffoat Flow Dur i r ?e  ' rJnldin;r ,  - anr:  ( 3 )  ?enera1 
Welding Techniques. 

r e p a r t e d  C Z F ~ ~ G ~ ~ P - Z  w a s  found W'iiCL; $vould 
indicate that any part of t k i s  proarem is a duplication of 
eEfcrt .  A considerahie amount of ?nfornation was oktained 
which  will facilitate the  pxperiaental portion of t h e  PyoTram, 
particularly t h a t  worl :  p e r t . i i n i n 3  to hea t  r r a n s f ~ r  . i n a l y s i s  
and s p c c i f i c  wetdins t e c y n i q u e s  cur -en t ly  i n  u s e  for. f a P r i t a -  
ti=% aerospace s t r u c t u r e s  by wzlding  t b  psrti c t s l a r  ~ a t ~ r i a l s  
i n v o l v e d .  

Those organizations i n ? l  v!duafs were consi?PTor? 
to ?-e fr:vol\~?c? i n  t:orl- r e l a ~ t e ?  to t h i s  pFog--an xrse contacted 
f o r  personal interview or for  int_rlr-,iiew by teieptlone. The 
cooperation WAS e x c e l l e n t ,  a n d  in sone cases s p e c i a l  data w e r e  
furnisfted ani! tours of plant facilities arranz_prj. Ir! .- z e n p r a l ,  
a g r e a r  deal of i n t i r ? s t  was e x p r ~ s s 4  i n  :"is prograro. 

It a p p e a r s  t 5 a t  at t\.e present ~ i z e ,  no s p e c i f i c  k-crl. 
is ir! prozress - to r ? e v e l o p  d a t ~  !P z d d i t i c r ,  tc; t\at a i r e 3 d y  
r epor t e , ?  in t3e literacure for deveiopxent of ' i - i e - t i T p - r a t u r s  
coztrofs OT t%eorettcai b e a t  r'loxi infornation fo r  w e l ? i n g  of 
a l t i n i n u r r  alloys. 

!!owever, in soap worb r e c c n t i y  c o ~ p l e t ~ d  1 y F r ~ n k  f o r d  
Arsenal it wzs de tp rT ine32  t'xat tkr<?.e qignificant t r e n r " s  were 
noted in the x i L r o s t r ~ c t u r ~  whici. indieace t'-. . n? r i  t of the 
u s e  of super-chilling during weld ing  oi aiurrints3: 

(1)  the amount of aicro-porosity was substantialiy 

( 2 )  t h e  width of t?e zoTte of g r a i n  5ouneary n e l t i n g  

(3) a f i n e r  grained c a s t  structure x-as o';tained. 

All Qf this w o r k  was perforqet! on (f.Ot.0" t I . l c l*  2314 a n d  292h 
aluminum alloys. I n  one set of experi:qents t r - o  c 5 i l l  k i r s  
Choth 'OF z ~ d  bat toa!  w e r e  cooieci with brine at -/15O~. 

lessened, 

at the i n t e r f a c e  w a s  re?uueed a p p r a c i a b f y ,  a n d  



In a second set, for whlch data has just been published, t% 
chill bars w e r e  cooled with l i q u i d  nitrogen. In each case, 
welding w a s  performed a f t e r  the parts to be welded reached 
a selected temperature, --3v r and L D u - r ,  respectively. 
Difficulty with condensation of moisture on the  parts wets 
overcorne by enclosing the part in a flexible plastic bag 
containing dry argon or helium. 

e n @ m  m r  nn- 

A large amount of work has h e n  done and is currently 
in progress to improve the quality of weldrnents in aerospace 
components fabricated from aluminum. Although only a f e w  
s p e c i f i c  studies have apparently been conducted on a labora-  
t o r y  basis for determining the ef fect  of time-teaperature on 
properties of weldaents, a good many of t h e  process controls 
a d o p t e d  f o r  shop wel?ing are aimed in the d€rcction of 
controlling thermal patterns. 

The experimental program w i l l  consist of two essential 
s t 9 p s .  The f i r s t  will f?p t Q  r r s t ab f i sh  reat , ls t fc  t3r*-+ & L L  th-T-m-1 L . 1 I C - C  U U L  

patterns designed to improve the weld properties, and the 
second will be to devise and test various ineans of providing  
the time-tenperature controls required to a t t a i n  the optirnurn 
ther-al patterns for welding the plate in two thicknesses, 
1/2”  and  5/16”, in each of t w o  alloys, 2014-T6 and 2219-T87. 
Welding  will be perforsed in t he  horizontal position by the 
semi-automatic TZG process, using direct current straight 
polarity, on square butt j o i n t  preparation, with 2319 filler 
wire and helium shielding gas. 
eryogenic Ilquids and auxiliary heat sources will be used to 
alter thermal patterns ciuring welding. 
hardness surveys will b e  used t o  correlate mechanical propet- 
ties with thermal patterns. 

It is contemplated that 

Tensile tests and 



- -  

E x i s t i n g  equipment was modified for welding test panels  
Erom one s i d e  in t h e  horizontal position. T h e  b a s i c  equipnent 
consists of a Hiller Model 60011200 power supply, a Miller 

I 

3 .  Instrumentatioq 

The instrumentation for nonitoring welding process vari- 
ables aDd theraal. patterns in the w e l d  panels consists of a 
Weston amrneter and a voltmeter, an optical tachometer, a Leeds 
6 Xorthrup 12-channel temperature recorder with ther-ocouples, 
an Airco helium flowmeter, an Airco f i l l e r  wire speed regu- 
lator, and a Tektronic oscilloscope. 

Additional instrumentation being evaluate8 on a loan 
basis includes fixed point  infrared radiometers, a Barnes scan- 
ning infrared radiometer, and a Honeywell Visicorder. 

4 .  Bgfgren ce  Weldment S 

In order  to establish reference data to which future 
experimental welding will be coqpared, welchents i n  each of 
the alurrlinum plate materials were fabricated under aonitored 
conditions without the use of chilling. The thermal pattern 
data in connection w i t h  the Qechanical and metallurgical 
characteristics of these  weld-ents will be used as the start- 
i n g  point for alteration of thermal patterns to improve the 
properties. 

Weld-nents of satisfactory physical appearance were 
produced in 5/16" thick and 1 / 2 "  thick 2014-T5 plate using 
the following welding parameters for t h e  penetration pass: 

T h i c k -  Amps. 'Jolts Weld Travel 
5/16' '  250 14 9 . 3  ipm 

sozt 16 6.5 ipm 7 I n a t  
i l  L 
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ca ted  less than 1% porosity in 50th chilled and unchiffed 
welds. 

5. Prc.1 ininary C h e c k - ~ a ~  of C r y o m  ic S Y s t e  m 

Prelininary trials of t h e  liquid CO2 system i n d i c a t e d  
tha t  wore ty,ait a&q-~atc  - l - : l l 4 n o  C F e m t r  esn  

L I I L L A A 1 1 6  f L C L - C C d  !?e ct ' te ined 03 

the back side of the weld. A 250 Ib. cotrtainer with flexible 
d e l i v e r y  tube and a variety of nozzles  with orifice s i z e s  
fro% 0.008'' to 0.032'' have been  received. 

I 6. Preliminary E m e r i  mental Results Usinrr Liauid CG7 

I Chillins 
I a. Time-Temoerature S t u d i e  s 
I 

Tentative t52rnal patterns h a v e  been plotted from data 
o b t a i n e d  durinz preliminary experiaental work to deterrnine the 
effect of chilling w i t h  liquld CC2. Substantial changes were 
noted for welds in both the  5/16' and 1 / 2 "  2 0 1 4 - T i  p l a t e .  The 
total t i m e  at temperaturzs aSove 5C)OOF was rer'uced over 25% 
by c h i l l i n g .  The quench rate from 7 5 0  to 500°F was aore than 
doubled for 5f16" welds and increased almost 40% €or t h e  112'' 

I 

1 welds. 
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Gross lineal porosity appears to be associated with 
t h e  a d d i t i o n  o f  filler wire. The causes for f i n e  s c a t t e r e d  
p o r o s i t y  have n o t  yet been deterained. I n  both instances, 
t h e  c a u s e s  Tust be i n v e s t i p t e d  and c o r r e c t e d  before t h e  
e f f e c t  of c h i l l i n g  on e l i m i n a t i n g  o r  reducing p o r o s i t y  and 
improving weld p r o p e r t i e s  can be properly evaluated. 

'Yhile t h e s e  results cannot  be c o n s i d e r e d  c o n c l u s i v e ,  
and i n d i c a t e  the need for f u r t h e r  r e f i n e m e n t  of Qeneral weld- 
i n g  techniques ,  there a p p e a r s  t o  be s u f f i c i e n t  ev idence  of 
ixprovement t o  warrant further deve lopaen t  of the c u r r e n t  

I concept .  

Tests d .  iensile -7- 

The f o l l o w i n g  table shows averages of tensile test 
results for specimens fro3 welded panels i n  5 /16"  and 112"  
2014-Ti p l a t e :  

Co-nparison of Tensile Properties of Unchilled Welds 
and Welds C h i l u  L i a d  CCJ in 2 Of4-T6 Plate 

( P r e l i m i n a r y  Da ta )  
--- 

46 J l o n g a t i o n  in 

I t  a p p e a r s  that there are improvements i n  t e n s i l e  
s t r e n g t h  r a n g i n n  - from approxinately 5% t o  14:; for welds chil- 
l e d  by CO2 over u n c k i l f e b  welds, w i t h  c o r r e s p o n d i n z  i n c r e a s e s  
i n  elongation. Although t h e  observed improvment is b s e d  on 
limited data, it is believed t h a t  there is  some - justification 
for op t imism as t h e  t e s t s  were randomized ky the f a c t  t h a t  
two thicknesses w e r e  w e l d e d ,  thus a v e r a g i n g  out  v a r i a b l e s  
which might n o t  have been precisely c o n t r o l l e d .  



H A  

The principal efforts during t h i s  report period were 
devoted to preparation of a paper to be presented at t h e  
welding sy~posium on Janua ry  18-19 in Huntsville, a study 
on weld backing materials, and f u r t h e r  3odification of 
equipnrent f o r  %ore precise control of welding variables. 

A sumnary of t h e  program wit? illustrative s l i d e s  was 
prepared f o r  presentation at the T h i r d  Welding SyQposium 
to b e  held at 1;ASA facilities i n  Huntsville on January 
18-19,  1966. 

C.  

Read on plate w e l d s  were used to investigate various 
nateriais selected f o r  application to t'70 back side of the 
weld in an e f for t  to iqprove t h e  efficiency of chilling with 
liquid CCZ jets wit1:out mechanical damage to the unc?erbead 
fro-  the force of the jets. 
included ad5esive and non-adhesive g l a s s  t a p e ,  fine copper 
mesh, coarse c o p p e r  .nesk, copper foil and alcminum foil. 
All Taterials were cut into strip approximately t w o  inches 
wide and twelve inches long. These s t r i p s  were fastened i n  
series over the underbead side of the plate to be welded 
using adhesive glass tape, Double ,glass tape (adhesive 
glass tape over non-adhesive g l a s s  tape) was placed at inter- 
vals setween the aaterials 5eing investi 2ated, and additional 
intervals were left uncovered €or comparison. 

Cacking qaterials investigated 

All welding and chillin3 variables were kept constant 
far each plate thickness, and macro-sections w e r e  p r e p a r e d  
to conpare tbe efficiency of each material for heat extrac- 
tion. 

ny coinparing the s i z e  of the c a s t  xeld nug3ct s  as shown 
i n  rhe phatagraphs Q E  qacrosecticnc c ~ z + , i i r . e d  ir! Figures  I 



t h rough  4 ,  i t  appears t h a t  copper  f o i l  t r a n s f e r s  heat most 
e f f i c i e n t l y .  However, t h e  size of t h e  heat a f f e c t e d  zone 
remains  essentially t h e  same for the t w o  copper meshes , the  
copper foil, the ai i i i r i fn~i~i  foil, arid t h e  s i n g l e  glass t a p @ .  
Therefore, f i n a l  s e l e c t i o n  of t h e  backing mater ia l  t o  be 
used t h roughou t  t h e  remainder  of t h e  program w i l l  be based 
on f u r t h e r  t e s t i n 2  to determine  t h e  relative d e g r e e s  of 
nechanical deforaation of the underbead (on a c t u a l  weld 
seams) and t h e  ease of a p p l i c a t i o n  for each  o f  t h e s e  
Inaterials. 

r -  . D .  M o d i f i c a t i o n  o r  cquument  

1. Zlectrode Positio ner 

a .  V e r n i e r  scales  w e r e  a t t a c h e d  t o  t h e  e l e c t r o d e  h o l d e r  
so t h a t  t h e  p o s i t i o n  of the e l e c t r o d e  i n  both  t h e  h o r i z o n t a l  
and v e r t i c a l  d i r e c t i o n s  ( w i t h  r e f e r e n c e  to t h e  weld p a n e l )  
can be nieasured accurately.  

b. A gauge was dev i sed  t o  measure t h e  extension of t h e  
e l e c t r o d e  fro? t h e  c o l l e t .  

c .  I n  the absence  of an  e l e c t r o d e  "p rox imi ty  c o n t r o l " ,  
a f e e l e r  gauge i s  Se ing  u t i l i z e d  t o  set t h e  d i s t a n c e  between 
t h e  e l e c t F o d e  t i p  and t h e  work p i e c e .  I t  h a s  been n e c e s s a r y  
t o  aake a d j u s t a e n t s  manual ly  t o  rnaintain t h i s  d i s t a n c e  con- 
s t a n t  ci.e., c o n s t a n t  arc length) as  welding p roceeds  a l o n g  
the l e n g t h  of -the pane l .  V a r i a t i o n s  occur  when t h e  pane l  
i s  n o t  p e r f e c t l y  f l a t ,  due co bowing of the a s - r e c e i v e d  
material  andfor t h e r a a l  d i s t o r t i o n  d u r i n g  weld ing .  
i n  e l e c t r o d e  d i s t a n c e  r e s u l t  i n  changes i n  a rc  voltage and 
we ld ing  h e a t  i n p u t .  As it is extremely impor t an t  t h a t  heat 
i n p u t  be k e p t  c o n s t a n t  t o  o b t a i n  c o n s i s t e n t  weld q u a l i t y  and 
t o  a c c u r a t e l y  c a l c u l a t e  time-temperature data, t h i s  c o n d i t i o n  
must be remedied. I n i t i a l  s t e p s  were t a k e n  t o  a c q u i r e  a 
"proximity control' which will be a d a p t a b l e  t o  t h e  c u r r e n t  
equipment setup vithotrt  e x t e n s i v e  m o d i f i c a t i o n .  

V a r i a t i o n s  
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d .  A Free Bend break t e s t  fixture was fabricated so 
that examination of the weld fracture can be accomplished 
immediately after  welding, thus min imiz ing  delays caused 
tjy waiting for X-ray  and tensile test resuits.  
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1 ACB- 1 
Chilling: Liquid CO, 

Jet System No. 1 
Backing Material: 

None 

1ACB-2 
Chilling: Liquid C02 

Backing Material: 

Jet System No. 1 

Single Glass Tape 

1ACB-3 
Chilling: Liquid C02 

Backing Material: 

Jet System No. 1 

Double Glass Tape 

IACB- 16 
Chilling: None 

Backing Mater i a I : 
None 

12707 

Figure 1. Efficiency of Glass Tape Backing Materials - Macrosections of Bead-on-Plot. 
%!dr I:: 5/!3 !NCH 2014T6 Plate [3X) 
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1ACB-1 
Chilling: Liquid CO, 

Jet System No. 1 
Backing Material: 

None 

IACB-7 
Chilling: Liquid CO, 

Backing Material: 

Jet System NO. 1 

Copper Foil 

IACB-14 
Chilling: Liquid CO, 

Backing Material: 

Jet System No. 1 

Aluminum Foil 

1ACB-16 
Chilling: None 

Backing Material: 
None 

12709 

Figure 2. Efficiency of Metal Foil Backing Materials - Yacrosections of Bead-on-Plate 
.. *eids in 31 -8.' IO INCH T A  ". PI- .- QQ 
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IACB-1 
Chilling: Liquid CO, 

Backing Materi a1 : 
Jet System No. 1 

None 

IACB-12 
Chilling: Liquid CO, 

Backing Material: 

Jet System No. 1 

Coarse Copper Mesh 

1ACB-13 
Chilling: Liquid CO, 

Backing Material : 

Jet System No. 1 

Fine Copper Screen 

1ACB-16 
Chilling: None 

Backing Material: 
* None 

la10 

Figure 3. Efficiency of Copper Mesh Backing Materials - Macrosections of Bead-on-Plate 
W I  weds Zn W?6 !YQ! BlCT6 PI- (3X) 
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IBC-1 
Chilling: Liquid COz 

Jet System No. I 
Backing Moterial: 

None 

1BC-2 
Chilling: Liquid COz 

Backing Material: 
Jet System No. 1 

Double Grass Tope 

1 BC-3 
Chilling: None 

Backing Material: 
None 

12708 

F i ~ m  A Efficiency of Glass Tape Backing Matorials - Macrosections of B e a k P l a t e  
Welds in 1/2 INCH 201-dT6 Plot. (SIQ 
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