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ABSTRACT

The phace II portiion of the MIG-TIG weld evaluation program consisted of
s6ix testing programs. One program, reported herein, was conducted to
evaluate MIG and TIC welds for Joining .250" thick, 2014-T6 aluminum alloy
and to determine the optimum cleaning procedures prior to TIG welding

.100" thick 201h~76. MIG and TIG welded test panels were evaluated on the
basis of transverse weld and all-weld-metal tensile tests conducted at room
temperature and at -423°F (-25300). The cleaning procedures prior to TIG
velding were evaluated by the number of defects observed by X-ray and dye

penetrant inspection after welding.

The highest tensile strength was obtained with & 2-pass TIG weld on a
stainless steel back-up bar. The oplimwa procedure for edge preperation
prior to TIG welding was: deburr, scrapz top and bottom surfaces, draw

file, and prepare .030" radius on back edge.

The other five testing programs that were included in this evaluation of
MIG end TIG welds have been reported separately, Rcferenccs 1, 2, 3, 4, and
5. Thase programs were conducted to study TIG spot welding, grain boundary
melting, etching prior to dye penetrant inspection, weld cooling rate, and
biaxial strength. The abstracts for these reports are given in Appendix 1

of this report.
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1. INTRODUCTION

The Phase I portion of this testing program was initiated in April, 1954

to evaluate the mechanical properties of MIG and TIG welds in .100" thick,
2014-T5 aluminum alloy. Phase I was completed in January, 1965 (Reference 6)
and it was concluded that welds made with the TIG process exhibited slightly
higher mechanical properties than similar welds made with ghe MIG process
vhich was currently being used for Saturn S-IVB butt welds. The TIG welding
process also offered the advantages of indépendent control of the weld
variables, greater tolerance for thickness variation in the parent metal
along the weld Joint, and less shrinkoge end distortion due to a smaller

weld bead. MHowever, it was recognized that the TIG process was more sensiti;e

to cleaning prior to welding.

Based on the results of Phase I, it was decided to initiate the Phase II
portion of this program to further evaluate the WIG welding process. The
first portion of the Phase II tests (designated Part A) was to evaluate

MIG and TIG welds made on production welding fixtures. The final report for
"Part A" is. contained herein. The remaining portions of the Phase IJ tlests
(designated Parts B through F) studied TIG spot welding, grain boundary
melting, etching, weld cooling rate, and biaxial strength. The tests for
pafts B through F have been reported separately, References 2, 3, h, 5;

and 6. The abstract for each report is given in Appendix 1.




2. PROCEDURE ‘AND RESULTS

The Phase II, Part A, tests were divided into two major efforts as follows:

1. Evaluation of MIG end TIG welds for the Saturn S-IVB longitudinal
cylinder Joint. The test welds ﬁcrc preparcd on the Pandjiris

Fixture at Huntington Beach, California.

2. Determinetion of the optimum pre-weld cleaning procedures.
The cleani.ng procedures were evaluated on the vasis of X-ray
and 2 npenetrant inspection after TIG welding.

2.1 Evalusztion of MIG and TIG Velds Simulating the Longitudinal Cylinder
Wela Joint

MIG and TIC welded test panels were prepared on the Pandjiris fixture using
.250" thick, 2014-T6 aluminum alloy plate and 4043 weld wire. The test panels
were cleaned and welded by production personnel at Huntington Beach, California.
Transvcfse weld tensile coupons end all-weld-metal tensile coupons were
machined from the welded test panels and the welds were evaluated on the

basis of the tensile properties obtained at room temperature and at -h23°F

(-253°%).

T;o test weld panels, 6 feet long X 8 inches wide, were prepared for each
type of weld to be evaluated. Each welded panel was prepared from 2 strips,
6 feet long X 4" wide, of .250" thick 2014-T6 aluminum alloy. The abutting
edges of the strips to be used for the MIG welds were machined with a 60° "y

joint as shown in Appendix 2-1, and the edges of the strips tc¢ be used for




the TIG welds were machined squarc for a square butt Jjoint. All test strips
were cleaned per DP3 9.305, issue of 3-2-65, prior to welding and covered
with plestic protective covers uniil they were placed into the Pandjiris

fixture. The strips were cleaned within 24 hours prior to welding.

All test pancls were welded by production personnel on the Pandjiris

fixture at A3 location. A series of test welds were made to determine

the test parameters for cach type of TIG weld. (The MIG weld parameters

were those currently in use for production hardware). Based on the weld
appearance and the transverse weld tensile strength, the "optimum'" parameters
sclected afe given in Table 1. These were used for all welds reported herein.

The double repair welds were made as follows:
1. Make & normal weld.

2. Shave weld bead penetration and reinforcement flush with
porent metal.

3. Reweld
k. Shave flush

5. Reweld

In order to get sufficient drop-through on the underbead side of the weld,
it vas necessary to use considerably morc heat for the welds made on the
copper back-up bar than for welds made on & stainless steel bar. This
additional heat caused the back-up bar to heat up shead of the weld and
thus reduced the chilling effect of the bar. No other significant welding

difficulties were encountered.




After welding, all test panels were a-ray and dye penetrant inspected per
DPS 10.320, icsue of 3-9-65 and DPS L.T01l, issue of T-30-6h4. All welds
passed the dye penctrant inspection, but six defects observed on the
radiographs were rejectable per the Saturn S-IVB inspection standards.

Four of the defects were in a single-pacs, TIG welded panel made on & copper
back-up bar, and the other two were in a similar panel which had a simulated
double repair. These defect areas appecarcd as small, rouﬁd, dark spots on
the radiograph - indicating that they were areas of lower density than the
swurrounding weld metal. They appcared to be similar to the defects observed
in the Pnace I portion of this MIG-TIG weld evaluation program, but their
origin and composition were not determined. The defect areas were avoided when

the tensile specimens were subsequently prepared from the welded panele.

2.1.2 Tensile Testing

The MIG and TIG velas were evaluated on the basis of tensile properties.
Transverse wveld and all weld metal tensile specimens as shown in Appendix
2-2 were prepered from cech welded panel. The specimens were tensile tested
at room temperature and at -L23°F (-253°C). The résults given in Tables 2,
3, 4L, and 5 indicate that the highest tensile properties wére obtained

from 2-pass TIG welds made on & stainless steel back-up bar.

2.1.3 Vletallography

Transverse weld specimens cut from cach of the test weld panels were polished
and etched with Keller's reagent. A typical cross-section of each weld is
shown in Figures 1 and 2. The MIG welds were considersbly wider than the TIG

welds but no other significant differences were observed. Note: the

-
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Table 1

Welding Paramcters Used for Simulated

Longitudinal Cylinder Weld Test Pancls

Type of Back=-up Pasces Amps | Volts | Travel | Wire Feed
wela (1) (2) Speed Speed
AR in/min. | in/min.
MI1G Stuinlecs 1l pass | 250 37 2l --
(1-pass) Steel
MIG tainless | lst pass | 250 37 ol --
(1-pass Steel 2nd pass | 255 39 2l -
double repair) 3rd pass | 260 Lo ol --
TIG tainless | lst pass | 250 10.5 14 0
(2-pass Steel 2nd pass | 250 14.0 18 3k
TIG 1st pess 335 10.5 12 0
(2-pass) Copper 2nd pass | 250 14.0 18 3L
TIG — c
(1-pass ) Copper 1 pass | 335 13.0 10 38
TIG 1st pass | 335 13.0 10 38
(1-pass + Copper 2nd pass | 335 13.0 10 38
double repair) ' 3rd pass | 335 13.0 10 38

3
3

2

Notes:

MIG VWelds

TIG Velds

(1) shiclraing Gas

75% Helium
25% Argon

100% Helium

. (60 cfh
(60 cfh) ( )
(2) Back-up Bar Groove Size | 5/16" wide | 5/16" wide
.060" deep | .OLO deep
(curved) (curved)

WV



e

A )
'.‘.t
7
|
;:-A-. f
¥
%
[
) .

Prdansverse Weld Tensile Strength of .250" Thick,

'rﬂl‘ 1(‘ 2

201L-1% Aluminum Alloy at Room Temperature

TR P T AT Y. Pp VI ek

Type of Back=-up Yicld Ultimate %
Weld Bar Strength, Strength, Elongation

KSI KSI in 1"

MIG 25.9 AN 7
(1-pess) Stainless 25.6 h3.3 T
Steel 25.3 h3.7 T

28.1 b6 T

25.1 W7 7

MIG 23.6 Lo.2 T
(1-pass + Stainless 23."] k0.0 T
double repair) Steel 1.7 37.8 T
1.9 39.0 T

23.2 L0.1 T

TIG 34.8 51.9 5
(2-pass) Stuinless 3L.7 55.9 6
Steel 33.5 54.5 6

3h.2 55.3 6

3.7 Sk T 6

TIG 2.6 52.2 5
(2-puss) Copper 33,7 51.k 5
32.8 53.9

33.5 52.1 5

32.5 54,1 8

TiG 30.7 51.8 6
(1-pass) Copper 31.2 4L8.5 I
32.0 51.0 li

31.9 U2, 5 2

31.1 k8.5 L

31.8 504 1

TIG 28.7 49.9 6
(1-pass -+ Copper 29.1 50. 1. 6
double repair) 30:.1 50.5 6
29.1 48.6 5

29.3 50.6 5

’I"' " .230 I "o
e~ o o
0 N

‘41'-" e 18]

X1868267




Transverse Weld Tensile Strength of .250" Thicek,

Table 3

2014-16 Aluminum Alloy at -423°F (-253°%)

Type of Back-up Yield Ultimate
Weld Bar Strength, Strength, Elongation
KSI KSI in 1"

MIG 34.0 57.1 2

(1-pass) Stainless 35.3 56.3 2

Steecl 32.2 57.0 e

37.3 95.9 g 2

36.7 5h. b 2

MIG 22.0 51.0 P

(1-pass + Stainless (1) 49.5 3

double repair) Steel 31.0 52.L 2

2T.7 23.2 3

29.%5 LE.3 2

716G -——— 64.9 2

(2-pass) Stainless 45.9 6T.7T p

Steel L5, b 6384 2

52.3 63.3 e

50.8 60.9 2

TIG L6.6 63.2 2

(2-pass) Copper 43.9 66 .l e

(1) 53.8 2

38.8 60.1 3

41.5 65.0 2

TIG 48.0 58.9 2

(1-pass) Copper (1) 60.9 3

43.1 59.0 3

- 37.9 63.0 g

38.7 61.7 3

716G 40.0 60.5 3

(1-pass + Copper (1) 57.0 3

double repair) 31.8 58.2 3

34.1 57.8 3

33.0 61.9 3

Note:

T

e

i
<l l-m-l

-/a

r.lbo

(1) Tne tensile load-strain curve vas not valid.

X186826/
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Table b

“*All=Weld-letel Tenscile Strength of 250" Thick,

201410 Aluminum Alloy at Room Temperature

G f b R B e £ el Sande o

Type of Back-up Yield Ultimate 9

Weld Bar Strength, Strength, Elongation
KSI KSI in 2"

(1-pass) Stainless 22.1 3§.h I

Steel 21.9 39.1 ‘h

23.1 36.8 5

VIG 16.8 2.4 5

(1-pacs + Stainless 18.1 33.2 5

double repair) Steel 18.3 32.6 5

18.8 32.8 5

TIG 29.1 L4L9.2 10

(2-pass) Stainless 30. k4 L8.8 10

Steel 29.6 49.5 10 .

30.2 47.8 9

TIG 274 ??.O 9

(2-pass) Copper 27.5 8.3 9

26.9 49.3 10

-5 ¥ 49.1 9

TIG 25.4 L4.0 6

(1-pass) Copper 26.3 3.5 8

26.3 hh.5 6

26.2 3.3 |

TIC 22.9 ki, 1 10

(L-pasc + Copper 23.8 L. L 11

double repair) 23.9 L2.5 9

23.7 h3. L 9

ALL WELD METAL TENSILE SPECIMEN

8
:::——mn———_. _T—ﬂroq
I a7
S Z 1
p-'—‘l é.375

OLP 13.620-TFS57




MIG Weld

T st 3P AN A, eV (1-pass)
] L\ ‘:'?'., .“‘"'(, .(4 .
Ay sy -:'.'" LT Stainless Steel
. ; ) ;}3;‘ " o . Back-up Bar
L&\...._ "\';" [ 2 0 o s ol Ssatie smriise.
TNCIEER, A Photo Number: M21594%
Magn. 3X
Keller's Etchant
MIG Weld
(1-pass + double repair)
- N TR .
’. .1\.7; -"~:,~"l ,.“' s % " ' Bt&inlﬁﬂs steel
‘ ST T O RN o ; Back-up Bar
I5: A - hoto Number: M21595
T Al
Magn. 3X

Keller's Etchant

TIG Weld
pe— (2-pass)

Stainless Steel
4 Back~-up Bar

hoto Number: M21593

Magn. 3X

Weld Bead Penetration has
Been Machined Off

GURE 1 Keller's Etchant

Crcss Section of MIG and TIG Welds in
+250" Thick, 2014-T6 Aluminum Alloy
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TIG Weld
(2-pass)

';m" - ,;1‘ 4 -.' v“.‘."’.?r»- T P

R A 4 ] Copper Back-up Bar

’ Photo Number: M21592
. g Magn. 3X

Keller's Etchant

o = TIG Weld
i Fo (1-pess)
(e P
b g7 + e : ‘
¢ R Ny B ol - Copper Back-up Bar
- _";'. } R SRSV
R RS g

Photo Number: M21596

Magn. 3X
Xeller's Etchant

. T
oo RS O el TIG Weld

Y s ‘V\N do o e ;
4 : b= Ry e R 3 ! =
{ v .;: ha'3 l (1-pass + double repair)
5 . s N 3 .?-,,. 3
%i-«uo‘.“ "';k,.?‘ ’ .é.‘:!;ﬁ { aan /“ c0pmr B‘Ck-\lp B.r
8.

Photo Number: M21591

Magn. 3X
Keller's Etchant

FIGURE 2

Cross Section of TIG Welds in
+250" Thick 2014-T6 Aluminum Alloy



Table 5
All-Veld-)Metal Tensile Strength of 250" g ick,
2014-76 Aluminum Alloy at -h23°F (-253%)
Tyre of Back-up Yield Ultimate
Weld Bar Strength, Strength, Elongation
KSI KSI in 2"
MIG 41.5 45,1 0.5 (2)
(1-pass) Stainless 4.8 43.8 1.4k (2)
Steel h2.9 49.2 . bl
b2.7 48.8 0.9 (2)
l‘302 5005 *es
TIG h9.5 58.2 1
(2-pass) Stainless 4L7.6 59.8 1
Stecl 46.5 58.7 1
(1) 58.9 1
TIG L. 6 58. 2 1
(2-pass) Copper k.5 55.0 1
, 4.9 59. b 1
44.8 57.7 1
TIG Lhi.2 54 .6 1
(1-pess) Copper b1k 54.5 1
L3.h 53.3 1
1&2-9 I"9'8 1
TIG 37.9 51.9 2
(1-pass + Copper 38.7 52.2 2
double repair) 2k.6 52.9 2
37.7 51.2 1
Notes: (1) The tensile load-strain curve was not valid.
(2) These values vere obtained from the tensile load-strain curve.
All others were determined by fit-back.

ALL WELD METAL TENSILE SPECIMEN

. e —{!
i 53
R ae pz Z 'ff
20 _.l 190 é,us

OLP 13.620-TFS57 .




Table 6

Parareters Used to Prepare TIG Welds for
Pre-Veld Cleaning Evaluation Tests

BACK=-UP BAR
VARIABLES GROOVE DEPTH
.025" .ouo"
Volts 11.5 11.8
Current, Amps 170 190
Travel Speed
(in/min) 13 13
Shielding Gas
Type Helium Helium
Flow, CFH 125 120
Filler Wire
Alloy Loh3 LO43
Feed Rate, IPM 35 60
Diareter, in. 062 . 062
Back~-up Bar Coprer " Coprer
Groove Width, in. 250 .250
Power Supply Sciaky Sciaky
Torch Sciaky, SW6 Sciaky, Swé
Seam Tracker Sciaky, probe type Sciaky, probe type
Elcctrode Diemeter 1/8" 1/8"
Configuration Taper to .0O70" Taper to .070"
(.2% Thorium)

12
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Table 7

TIG Weld Defect Summary

«100" Thick, 2014-T6 Aluminum Alloy, Butt, Fusion Welded on a Coppe

PIL-WELD CLEANING
PROCEDURE

COPPER BACKup BAR
GROOVE DEPTH
IN INCHES

TOTAL INCHES
OF WELD
(THREE PANELS)

o

DYE PERETRANT
DEFECTS AFTER
SHAVING

CONTROL PANELS
Sawed Edge Only

1.

2.

3.

Sawved edge
no scrape,

only, no deburr, no etch,
no drav file, no back radius.

Sawed edge
no scrape,

only, no deburr, no etch,
no draw file, no back radius.

Sawed edge
no scrape,

only, no deburr, no etch,
no dravw file, no back radius.

0.025"

0.0LkO"

0.040"

1k

210

210

82

69

172

TEST PANELS

Sawved

L.

Sawed

Sawved edge, deburred, draw file, back
radius, no etch, no scrape.

and Etched

T.

Sawved

Sawed edge, etched twice in 24 hour
period, no deburr, no scrape, no
draw file, no back radius.

Sawved edge, etched twice “‘n 24 hour
period, no deburr, no scrape, no
draw file, no back radius.

Sawed edge, deburred, etched once,
6 hour delay, draw file, back radius.
Do scrape.

Sawved edge, debwrred, etched once,
6 hour delay, wire brush top and bottom,

drav file, back radius, no scrape.

and Scraped

9.

10.

Sawved edge, deburred, scraped top and
bottom, draw filed, back radius, no

" etch.

Sawved edge, deburred, scraped top and
bottom, draw filed, back radius, no
etch.

0.040"

0.025"

0.040"

0.040"

0.0LO"

0.025"

0.040"

210

pLY

210

120

210

1k

210

136

67

62

30
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FOLOOY
pfect Summary
tt, Fusion Welded on a Copper Back-up Bar
AL INCHES | DYE PERETRANT | X-RAY DEFECTS TOTAL WELD
DF WELD DEFECTS AFTER AFTER DEFECTS AFTER TOTAL DEFECTS
REE PANELS) SHAVING SHAVING SHAVING PER INCH OF WELD
14 82 159 2Ll 1.68
210 69 90 158 0.76
210 172 126 298 1.49
210 8 5 13 0.067
1kl 136 128 264 1.83
210 67 53 120 0.57
120 62 16 78 0.38
210 30 8 38 0.181
Wk 5 6 11 0.076
210 1 0 1 0.0048

13
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FIGURE

Square Butt Joint Showing Back-Radius




pencetration side of the 2-pass TIG weld made on a stalnless steel bar

Y ,._E\.‘ -

has been shaved off.

‘2.2 Determination of Optimum Pre-Weld Cleaning Procedures

During the Phase I portion of this MIG-TIG weld evaluation program, it was
noted that the TIG welds had an excessive number of defects which were
probably due to the pre-weld cleaning procedure. In addition, an ettempt

to manufacture a Saturn S-IVB common dbulkhead using the TIG welding procedure
¥ was unsuccessful because of excessive defects in the welds. Therefore, a

} series of tests was conducted in the laboratory to determine the optimum

ﬁ;' pre-weld cleaning and joint preparation procedures for TIG welding .100"

s

& thick, 2014-T6 aluminum alloy.

%f Three weld panels were prepared for each «leaning procedure to te evaluated.

The panels were prepared in the VWelding Laboratory using the parsmeters given

in Table 6. After welding, the weld bead penetration and reinforcement were

shaved off per Saturn S-IVB common bulkhead production procedure. Then, each

-

Ao S

wveld vas X-ray and dye penctrant inspected per DPS 10.320 and DPS h.TOl. The

pre-weld cleaning procedures evaluated and the number of defects observed

i a5

are given in Table 7. The etching technique referenced in Table T was the

-~

-

Jassajel 101 and British Etch method per DPS 9.305. The beck radius was

.030" + .010", Figure 3.

The most significant improvement in weld quality was due to a .030" radius
on'the back edge of the abutting surfaces, Figure 3. Other procedures that

reduced the number of defects in the weld are listed below:
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1.

2.

Deburr, draw file and back radius - compare test 4 with tecsts

1, 2, and 3 (Table 7).
Eliminate etching procedure - compare tests 4 and 7 (Table 7).
Scrape top and bottom surfaces - compare tests 4 and 10.

Use .040" deep groove in back-up bar - compare tests 9 and
10; also tests 5 and 6.

Based on the results given in Table 7, the optimum pre-weld cleaning procedure

selected for TIG welding .100" thick, 2014-T6 aluminum alloy was:

3.

1. Saw or machine edge (dependent on specific Jjoint).

2. Deburr

3. Scrape top and bottom surfaceé.

L., Drav file abutting surfaces.

5. Back radius (nominal .030" radius on back edge for 0.100" thick
material).

CONCLUSIONS

3.1 TIG welds in 1/b" thick, 2014-T6 aluminum alloy exhibited significantly

higher tensile properties than MIG welds for the welding conditions and test

temperatures studied.

3.2 The highest tensile strength was obtained with a 2-pass TIG weld on a

stainless steel back-up bar.

16
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3.3 At -h23°F all welds exhibited similar elongation. At room temperature

the clongation of the weld metal was significantly higher for TIG welds

than for MIC velds.

3.4 fThe optimum procedure for preparation of the abutting edges prior

to TIG welding .100" thick, 201L-T6 aluminum alloy wes:

l. Debdburr ;
2. Snrape top and bottom surflaces.
3. Drav file ebutting surfaces.

k., .030" radius on back edge.
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APFENDIX 1

ABSTRACTS FRCM DOUGLAS AIRCRAFT COMPANY REPORTS FOR
PARTS B, C, D, E, AND F OF THIS MIG-TIG-WELD
EVALUATION PROGRAM, PHASE II
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APPENDIX 1-1

» ABSTRACT FROM DACo REPORT SM-L9156,
TIG Spot Weld Repeir and Bracket Attachment, Ref. 1
(Part B - Portion of MIG-TIG Evaluation, Phase II)

This report covers an investigation initiated to develop the Tungsten
Inert Gas (TIG) spot welding process for the repair of localized weld
defeets in aluminun (Phase I) and for the Joining of clip attachments
on Saturn S-IVB stages (Phase II). The feasibility of the Phase I
process was demonstirated but the methods developed in the investigation
could not be released for use in production because of the lack of
cquiprment reliebility and the occurrence of shrinkage cracks in the
repeired nugpets. Phase II results indicate that, with some additional
evaluetion, the TIGC spot welding process may be used successfully for

sccuring clip attachments.

LA Al

SERELIL SO T LT N
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APFERDIX 1-2

ABSTRACT FROM DACo REPORT Si-h9152,

Grain Boundery lelting und Cracking in
MIG VWelded 2014 Aluninum Extrusions, Ref. 2

(Part C - Portion of MIG-TIG Evaluation, Phase II)

Crack indications have been observed in {hae heat-affected zone of
aluninum weldnents for Saturn tankege when inspected with dye penetrant.
This probleis has been particularly noticeable in weldments containing
extruded ring sections where extremely coarse-grained regions prevail.
Several exrerimental MIC weldrents were made on the production, S-IVB,
LOX fixture using extrusions with large, medium, and fine grain sizes.
A metalloyraphic analysis of these weldments revealed cracks caused by
thermal stresses and by arc-plasma impingement (melting of the surface
grain boundaries in the veld heat-affected zone). It was found that
these cracks could be prevented by minimizing arc-plasma impingement.
A 0.1% oxygen addition to the argon shielding gas was found effective
in minimizing impingement and surface cracking of the extrusions.
Reccné Saturn, S-IVB, production experience has verified that this
technique eliminates arc impingement and minimizes grain-Loundary

cracking.
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APYENDIX 1-3

ADSTRACT FROM DACo REPORT SM-L8LOS,

Evaluation of Etching 2014-76 Aluninum Weldments
Prior to Dye-Fenetrant Inspection, Ref. 3

(Part D - Portion of MIG-TIG Evaluation, Phase II)

Surface defects in aluminum welds for Saturn tankage sometimes escape
detection when inspected with dye per:trant. GSmeared metal caused by
wire brushing can cover weld flaws and prevent detection during dye-
penetrant inspection. A caustic etch can be used to remove this

smeared metal €nd expose the underlying flaws.

Several commercial etchants were evaluated and Turco L366-NAA was
selected for production use. Etching procedures were established.

It ves shown that Turco I366-NAA is not detrimental to the strength
or microstructure of 201k-76 weldments. MIG, erc-plasma, impingement
cracks revealed by etching are discussed. Arc-plasma impingement
appears not to affect uniexial, tensile strength or tension-tension

fatigue strength of as-welded 2014-T6 weldments.
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APFENDIX 1-k

ABSTRACT FROM DACo REPORT SM-L9167,

The Influence of Cooling Rates on the Strength and
Microstructure of 201k Aluminum Alloy Weldc, Ref. L

(Part E - Portion of MIG-TIG Evaluation, F.ase II)

This study was conducted to determine the influence of weld cooling rates
on the strength and microstructure of 2014 aluninum alloy welds. Weld
cooling rates were measured for welds made with copper and titanium

back=-up bars and without back-up bars.

It was found that the most rapid weld cooling rates occurred when the

tvo-puss, square-butt, TIG welds were chilled with a copper back-up bar.

Rapid weld cooling rates were characterized by high mechanical prorerties,

low peak temperatures in the heat-offected zone, narrow heat-affected zones,
lerge degrees of dendritic structure in the central zone of a weld, segregation
of manganese, small numbers of non-symn2trical "holes" in the heat-affecﬁed

zone, and plate~like and script-like phases of similar cross-sectional arecas.

Light and electron microscopy'wcre used to exemine weld microstructure.

Electron microscopy and selected aree elcctron diffraction snalyses provided
clues to the identification of one phase. A séript-like phase consisted of
elemental silicon end CuAlp. An unidentified plate~like phase was found to

crack along planes perpendicular to the tensile loading direction.
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Examinntions were also made to determine the morphology and identity of

phases in MIG and TIG 2014 aluminum alloy welds that were made in another

study. In the TIG welds, the previously identified script-like phase
was again observed. In general, TIG welds fractured in the matrix, whereas

MIG welds fractured intercellularly. _ i
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APPENDIX 1-5
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ABSTRACT FROM DACo REPORT DAC (2102

Biaxial Strength of MIG and TIG Welded 2014-16
at 70°, -320° @&nd -L23C0F, Ref. §

(Part F - Portion of MIG-T.G Evaluation, Phase II)

t. A test program was conducted to develop biaxial strength allowables

for MIG end TIG welds in 2014-T6 aluminum. Welded cylinders, 16-in.
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in diameter and 60-in. long, were fabricated using procedures simulating
actual production methods used for Saturn 5-IVB domes and common bulk-

heads. Certain of the specimens were subjected to a thermal curing
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cycle. The cylinders, each having two diametrically opposite

Enls
W
flosad, 2

longitudinal welds, were tested to failure at 70°, -320o and -h23°F
by combined internal pressurizetion and applied axial loading vroducing
biaxial stress states of either 2-to-1 (axial-to-hoop) or 1l-to-1

(axial-to-hoop). Under all test conditions the TIG-welded specimens

exhibited greater biaxial strength than the MIG-welded specimens.
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60° ™" JOINT USED FOR .250" THICK MIG WELDS
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_APFENDIX 2-2

TENSILE SPECIVMENS

ALL WELD METAL TENSILE SPECIMEN
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TRANSVERSE WELD TENSILE SPECIMEN
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