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A welding procedure for joining an Al-Li alloy is developed 
while evaluating the properties of various filler metals 

BY M . RAMULU A N D M . P. RUBBERT 

ABSTRACT. Aluminum-lithium alloys are 
rapidly gaining in popularity due to their 
high strength-to-weight ratios. The devel
opment of a cost-effective method of 
joining these alloys is desirable for light
weight structural applications. Weldability 
of Al-Li-Cu Alloy 2090 is investigated using 
the gas tungsten arc (CTA) welding pro
cess. Four filler metals 2319, 4047, 2090 
and 4145 were used to weld Alloy 2090. 
Mechanical properties of the weldments 
were evaluated and compared with the 
base metal properties. With proper heat 
treatment and cleaning, weld joint effi
ciencies up to 65% in the as-welded con
dition and up to 98% after heat treatment 
were obtained using 2319 filler metal. 

Introduction 

Aluminum-lithium alloys have been 
known since the early 1920s, but received 
little attention in the U.S. until the 1960s. 
The growing interest in Al-Li alloys is 
caused by their high elastic modulus and 
low density compared to standard alumi
num alloys. This makes them very attrac
tive for high-strength, low-weight appli
cations. For an Al-3Li alloy, it has been cal
culated that a weight savings of 10% over 
other Al alloys can be realized by direct 
substitution, and 16% by design modifica
tion (Ref. 1). If a commercially viable 
welding process were available, Al-Li 
alloys could be used for many other 
structural applications, such as lightweight 
pressure vessels, marine hardware and 
lightweight armor (Refs. 1-4). 

Brief Survey of Welding Al-Li Alloys 

Electron beam, plasma arc and laser 
beam welding have proved to be suc
cessful methods for welding Al-Li, but are 
limited by low mobility, high cost and the 
need for a vacuum or controlled atmo
sphere (Ref. 5). Cas tungsten arc (CTA) 
welding is a very attractive alternative 
process. The equipment has a lower cost, 
is more mobile and offers greater flexibil
ity in use. The early literature on CTA 
welding of Al-Li deals almost entirely with 

the Soviet Alloy 01420, with a composi
tion of AI-5Mg-2Li-X (Ref. 6). Alloy 01420 
was developed by Fridlyander in the early 
1960s, and has been thoroughly studied 
(Ref. 1). It is estimated to be the most 
widely used Al-Li alloy in the world. Joint 
efficiencies of up to 80% of base metal 
strength have been reported with several 
filler metals, without postweld heat treat
ment (Refs. 1, 2). When specimens were 
resolutionized and artificially aged, joint 
efficiencies of up to 99% were reported. 

The main problem encountered when 
GTA welding this alloy was weld zone 
porosity. It was found that removing 
0.13-0.40 mm (0.005-0.015 in.) of the 
surface greatly reduced or eliminated weld 
zone porosity. The surface removal was 
done by chemical milling with sodium hy
droxide followed with a rinse in nitric acid, 
or by mechanical milling. A vacuum heat 
treatment at a temperature of 450°C 
(842°F) and a vacuum of 10"2 to 10 - 5 torr 
was also found to be effective in control
ling porosity (Refs. 1, 2). More recent 
literature has concentrated on Al-Li Alloy 
2090 (AI-2.7Cu-2.2Li-0.12Zn) and 8090 
(AI-2.4Li-1.4Cu-1.1Mg-0.1Zn) (Refs. 5-10, 
16-20). The best results published so far 
give efficiencies of 50% as welded and 
80% when solution heat treated and aged. 
These are about 20% less efficient than 
Soviet welds (Refs. 1, 2, 6, 8, 14-20). Pre
ferred filler metals include 1100, 2319, 
4043, 4047, 4145 and 5356 (Refs. 14, 22). 
A recent paper by Martukanitz examines 
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the effect of filler metal composition on 
total crack length in an inverted T, discon
tinuous weld test. A 20-in. (508-mm) GTA 
weld in Al-Li 2090 plate formed cracks 
ranging from 0.1 in. (2.5 mm) with 4047 
filler metal to 20.0 in. (508 mm) with 5356 
filler metal. Furthermore, the filler metals 
2319, 4047 and 4145 were shown to be 
most compatible with Al-Li 2090 base al
loy (Ref. 20). 

Welding procedures used by different 
investigators are described briefly in the 
references, and are summarized in Table 
1. There does not appear to be any rela
tionship between the method of welding 
and the ultimate strength of the welds. 
Various researchers have used direct cur
rent electrode negative (straight polarity) 
and alternating current, utilizing a bal
anced and unbalanced wave. Backing 
bars were either copper or steel, and all 
used a shielding gas on the back of the 
weld zone. The gases used are argon (Ar), 
helium (He) or an Ar-He mixture. In addi
tion, some of the welds were single pass, 
while others used multiple passes. The 
only consistent requirement specified by 
all sources is the use of a purge gas on the 
root surface. Based on this survey, it was 
found that no procedures or guidelines 
for GTA welding of Al-Li alloys are avail
able in the open literature. 

The purpose of this work was to ex
perimentally determine a complete, viable 
GTA welding procedure for Al-Li-Cu Alloy 
2090. The determination of this proce
dure will allow Al-Li 2090 to be used for 
many high-strength, lightweight applica
tions that require welding during fabrica
tion. The paper will include the preweld 
preparatory procedures, welding proce
dures, filler metals and postweld treat
ments necessary for producing high-effi
ciency welds. Properties and performance 
of weldments are evaluated by tensile 
hardness testing and by optical examina
tion of the weldment microstructure. 

M. RAMULU and M. P. RUBBERT are with the 
Department of Mechanical Engineering, Uni
versity of Washington. Seattle, Wash. 
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Table 1—A Summary of Al-Li Alloy Welding 

Author 
(Ref. no.) 

Pickens (1) 

Pickens (2) 

Kou (6) 

Kruger (8) 

Skillinberg (16) 

Martukanitz*3' (18) 

Alloy 

01420 

01420 

01420 

DTD 

8090 
2090 

2090 

Filler 
Metals 

01420 

01420 

01420 

xxxA 
S-AIMg4.5M 

8090 
2090 

4145 
4047 

Procedures 

Weld 
Efficiency 

80% 

80% 

80% 

45-46% 

40-50% 

Other Data 

Uses argon arc GTAW 
with 190 A 

Uses 15 V, 90-105 A, 
75 deg. V-groove, 75% He-
25% Ar gas mixture 

Used asymmetrical pulsed 
waveform 

Used Ar gas, steel backing bar, 
no purge, 175 A. Welds were 
very porous. 

Used Ar gas, 60 deg. V-groove, 
2 passes, 70% straight-30% 
reverse unbalanced wave, 190 A. 

Used GMAW, 67% He-
33% Ar gas, 240 A, 32 V. 

(a) Quoted in Ref. 18. 

Table 2—Chemical Composition in wt-% and Mechanical Properties of AI-Li-2090 Alloy 

Li 

1.763 

Cu 

2.70 

Zn 

0.10 

Zr 

0.08 

Mn 

0.05 

Fe 

0.12 

Si 

0.10 

Ti 

0.10 

Cr 

0.05 

Na 

0.002 

K 

0.003 

Al 

balance 

Note: Yield Strength: 538 MPa (78 ksi) 
Ultimate Tensile Strength: 585 MPa (84.9 ksi) 
% Elongation: 7 
Modulus of Elasticity: 11.5 X 106 

shiny finish using a bearing scraper and 
wiped with acetone. This removed any 
possible surface contamination that might 
have occurred after milling. 

All Al-Li 2090 filler metal has the same 
propensity as the plate towards contam
ination. It was not practical to mechani
cally clean the filler metal rods, so they 
were chemically cleaned immediately 
prior to welding. The cleaning treatment 
consisted of first chemically milling the rod 
for 10 minutes in 30% sodium hydroxide 
at 131°F (55°C). The filler metal was then 
rinsed in water, cleaned in 30% nitric acid 
and rinsed in water. After this, it was dried 
at 203°F (95°C) for one hour to remove 
all water. All other filler metals were fresh 
and bright as received. Since they do not 
contain Li, there are no problems with 
formation of a hydrogen-enriched layer 
on the surface to promote porosity. These 
filler metals were wiped with acetone and 
a white cotton cloth until clean, but no 
other special preparation was done. Fur
thermore, all filler metals were handled 
only while wearing clean white cotton 
gloves after they were prepared for weld
ing, to prevent possible contamination by 
skin oils, water, or other contaminants 
from the hands. 

Experimental Setup and 
Welding Procedures 

Materials 

Al-Li Alloy 2090-T8E41 rolled plate in a 
thickness of 0.250 in. (6.35 mm) was used 
for the evaluation. Composition and me
chanical properties are shown in Table 2. 
Four filler metals used in this study were 
2319, 4047, 4145 and 2090. All filler met
als, except the 2090, are commercially 
available in 0.125-in. (3.2-mm) diameter 
rod form. The 2090 filler metal was ob
tained by shearing 0.125-in. (3.2-mm) 
sheet into 0.125-in. (3.2-mm) square strips. 
Table 3 shows the nominal chemical com
position of the filler metals. 

Specimen and Preweld Preparation 

A good preweld preparation proce
dure, usually cleaning, is critical for suc-

0.012 in. (0.3 mm) 

cessful GTA welding of aluminum in all 
cases (Refs. 21, 22). To avoid contamina
tion or porosity problems, a strict multi-
step preparation procedure was used be
fore all welding trials. Each plate was 
sheared to 6 X 12 in. (152 X 304 mm), 
representing one half of each welding 
sample. The rolling direction was parallel 
to the 6-in. (152-mm) side. Welds were 
made perpendicular to the rolling direc
tion; therefore, a 12-in. (304-mm) side was 
dry milled at a 60-deg angle to the flat. 
When two plates were butted together, a 
60-deg single-V was formed. In addition, 
plate surface was dry milled to a depth of 
0.012 in. (0.3 mm) for a distance of 0.5 in. 
(12 mm) from the edge of the V, as shown 
in Fig. 1. This was performed to prevent 
possible weld joint contamination by sur
face hydrogen enrichment of the alloy. 
Immediately prior to welding, the entire 
milled area was scraped to a smooth, 

0.25 in. (635 mm) 

Welding Setup 

Welding was done manually on a P&H 
DA300 HFGW welding machine. The cur
rent setting was medium, with a range of 
60-195 A utilizing alternate current. One 
plate was welded at the Boeing Company 
using a Miller Synchrowave 300 square 
wave machine. The gauges on the Miller 
machine indicated 110 A at 30 V while 
welding. Both machines used a 0.125-in. 
(3.2-mm) zirconiated tungsten electrode 
and 50 f t3 /h (23.6 L/h) of 75% He-25% Ar 
shielding gas. The backs of the welds were 
purged with 100% Ar gas. 

All welds were made using a steel 
backing bar with a 1-in. (25.4-mm) 
wide X 0.500-in. (12.7-mm) deep gas 
channel. The Al-Li plates were sealed to 
the backing bar with aluminum tape. This 
provided a good purge while preventing 
contact and possible contamination be
tween the weld and the bar. To minimize 
plate shifting and warpage, the plates 
were clamped to the backing bar with 
steel strongbacks. Run-on and run-off tabs 
were welded across the ends of the joints 
to help restrain the plates. 

All welds were made using four passes. 

Table 3—Nominal Composition in wt-% of 
the Aluminum Filler Materials [20] 

0.5 in. (12 mm) 

Fig. 1 — Weld joint configuration. 

Alloy 

2090 
2319 
4047 
4145 

Si 

0.1 

-
12.0 
10.0 

Cu 

2.7 
6.3 

-
4.0 

Mg 

-
-
— 
— 

Li 

1.76 

-
-
— 

Zr 

0.1 

-
-
— 

Al 

bal 
bal 
bal 
bal 
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The first three passes were on the front of 
the plates, filling the V-groove. The plates 
were allowed to cool below 110°F (43°C) 
between passes to minimize the effects of 
the heat input necessary for welding. The 
weld zone was stainless steel wire brushed 
and wiped with acetone after each pass. 
The brushing removed the surface con
taminants from the previous pass. After 
the third pass, the back of the weld joint 
was gouged out using a 0.375-in. (9.5-mm) 
ball end-mill. The gouge was cleaned by a 
stainless steel wire brushing and an ace
tone wipe, then welded with a single pass. 
All welds were made perpendicular to the 
rolling direction. Extreme care was taken 
to avoid contamination of the welds. The 
tungsten electrode was reground before 
starting each weld, and not contaminated 
by touching the weld while welding. Clean 
white cotton gloves were also worn when
ever cleaned filler metal was handled, and 
the scraped area of the plates was not 
touched after cleaning. 

Postweld Treatment 

Some of the specimens were postweld 
heat treated. The heat treatment was 
performed to improve weld strength by 
precipitation strengthening the fusion and 
heat-affected zone (HAZ) and to reduce 
residual weld stresses. The procedure 
consisted of a solution heat treatment for 
one hour at 950°F (510°C), and cold wa
ter quenching, followed by artificial aging 
at 329°F (165°C) for 18 h. 

Testing 

The finished welds were tested using 
the tension test and Rockwell hardness 
test. They were also examined using op
tical microscopy. Specimens were pre
pared by cutting each 12-in. (304-mm) 
wide welded plate into five 2-in. (50.8-
mm) wide samples, after trimming 1 in. 
(25.4 mm) from each end of the weld to 
eliminate edge effects. These samples 
were bandsawed to the approximate 
shape for standard tensile specimens, then 
milled to final dimensions. The weld bead 
reinforcement was also removed, and the 
tensile cross-section machined to a uni
form thickness, as shown in Fig. 2. 

All tension tests were made on a Tinius 
Olsen 60,000 Ib (27,300 kg) capacity ten
sion testing machine. The strain rate for all 
tests was 0.025 in. (0.635 mm) per minute. 
All deformation took place in the weld 
area, so the standard 2% offset rule for 
yielding is not valid with a 2-in. gauge 
length. Instead, several tests were run for 
each trial to find the breaking point for the 
welds, and the apparent yield point, and 
strain behavior of the metal was noted by 
observation of the load indicator. After 
these trials, the extensometer was used to 
confirm the observed yield point of the 
weld of one or two tests in each trial. The 
extensometer was removed after yielding 

i 

12 in. (304 

' 

I 

mm] 

r 

J 

. . . 

f 

< 

2 in (50 mm) 

0.5 in. (12 mm) 

Fig. 2 — Tension test specimen. 

and before fracture to avoid possible 
damage. Pieces cut from the samples dur
ing the shaping of the tensile specimens 
were used to make Rockwell hardness 
and optical microscopy specimens. Opti
cal microscopy specimens were polished 
to 0.1-micron finish and etched with 
Keller's solution. The Rockwell hardness 
was tested on the polished specimens af
ter they were photographed and exam
ined. All hardness tests were done using a 
Wilson Rockwell hardness tester, Model 

400 

co 
co 
LU 
cc \-
co 

300 

200 

100 

Ranges from 0.15 in. (3.8 mm) 
. to 0.20 in. (5.1 mm). Each 
specimen was milled so that 
the cross section was flat and 
uniform, then measured to 
0.001 in. (0.025 mm). 

0.25 in. (6.35 mm) 

4)R. Hardness was tested in the weld, 
across the HAZ, and in the base metal. 

Results and Discussion 

Typical stress-strain curves of as-welded 
and a heat treated and aged weld, using 
2319 and 2090 filler metals, are shown in 
Fig. 3. The results of the tension tests us
ing 2319, 4047, 2090 and 4145 filler met
als are shown in Table 4, and the joint ef
ficiency of the weldments is shown in Fig. 

Fig. 3 - Typical 
stress-strain data 
from weld tension 
specimens. 

FILLER MATLS. 

-Q- 2319 AW 
-©- 2090AW 
-•- 2090HT 
-o- 2319HT 

0.000 0.004 0.008 0.012 

STRAIN (mm/mm) 

0.016 0.020 
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Fig. 4 — Weld joint 
efficiency. 

AW HT&A AW HTSA AW HTSA AW HTSA 
2319 4047 2090 4145 

FILLER MATERIALS 

Fig. 5 —A — Typical fracture surface of as-received base metal. Al-Li 2090; B — heat treated and 
aged. 

.1 

7*. 

%. 6—Fractured tensile specimen showing visible necking before fracture. A - Weld with 
2319 filler metal and tested as-welded; B — weld with 2090 filler metal and tested as-welded. 

4. The efficiency is calculated from the ul
timate tensile strength of the weldment in 
comparison to the base metal ultimate 
tensile strength. The results presented are 
average values obtained from testing two 
or three specimens of each trial. There
fore, it should be cautioned that the 
results shown are not statistically valid, 
and should be considered preliminary un
til verified. The base metal ultimate tensile 
strengths (UTS) averaged 60.3 ksi (415.8 
MPa) as received, and 65.6 ksi (452.3 MPa) 
after heat treatment. Figure 5 shows the 
base metal tensile fracture surfaces exhib
iting ductile fracture, but no significant 
necking. The UTS of the base material in 
the as-received condition was listed as 78 
ksi (537.8 MPa), after machining the spec
imens, this value was found to be 
60.3 ± 2.9 ksi (537 ± 20 MPa) in ten ten
sile tests. This reduction in UTS is attrib
uted to the effect of the as-milled surface 
finish of the test specimens. Since all ten
sile specimens were prepared in the same 
way, this reduction in strength should not 
affect the comparisons that are made on 
the basis of joint efficiencies. 

The 2090 and 2319 filler metals gave the 
best results, with both providing over 60% 
of base metal UTS in the as-welded con
dition. Figures 6 and 7 show the typical 
fracture specimens and fracture surfaces. 
All welds made with these filler metals 
broke through the weld itself. The welds 
with these filler metals also showed con
siderable ductility in the as-welded condi
tion. The large amount of plastic strain 
before fracture is shown by a visible 
necking of the specimens —Fig. 6. There 
was also significant plastic strain observed 
after the yield point was reached (and the 
extensometer removed). The fracture sur
faces of these specimens (Fig. 7) show the 
traditional cup-and-cone and angled 
shearing. After heat treatment, the 2319 
filler metal gave 98.6% of base metal UTS, 
while the 2090 filler metal gave 87.9%. 
The heat treated welds lost much of their 
ductility. There was no necking, and the 
specimens fractured soon after the yield 
point was reached. 

The 4047 and 4145 filler metals gave 
ultimate strengths of less than 60% of base 
metal UTS, both before and after heat 
treatment. Welds from these filler metals 
broke at the edge of the weld. These filler 
metals were found to have very little 
plastic strain after the yield point and be
fore fracture. There was no visible neck
ing observed. The 4145 filler metal shows 
a cup-and-cone ductile fracture of the 
joint. However, the joints with 4047 filler 
metal appear to be in the ductile-brittle 
fracture transition zone. In an effort to re
duce the heat input to the weld zone, one 
trial was run using 2319 filler metal and a 
90-deg single-V groove. The increase in 
the joint angle requires less penetration 
from the torch to the bottom of the joint, 
so less heat is required. This trial gave an 
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as-welded strength of 39.6 ksi (273 MPa), 
or 65.7% of base metal UTS. This is a 5% 
improvemen t over the 60-deg joint c o n 
f igurat ion. 

A n interesting and impor tant observa
t ion was m a d e whi le heat t reat ing the 
2090 welds. O n e specimen was aged fo r 
only 12 h instead o f 18, and the UTS was 
36.6 ksi or 252.3 MPa ( 6 1 % base UTS). This 
is essentially identical t o the as-welded 
specimens. It is possible that the 2090, 
4047 and 4145 filler metals cou ld all b e n 
efit f r o m increased aging t ime. This needs 
fur ther investigation. 

Optical Microscopy 

Opt ica l microscopy shows four distinct 
zones in each w e l d : base metal (BM), 
heat-af fected zone (HAZ), resolidif ication 
zone (RZ) or the partially mel ted region, 
and w e l d bead (WB). The RZ-WB, HAZ-RZ 
and BM-HAZ interfaces in a w e l d w i t h 
2319 filler metal are shown in Fig. 8. There 
is a coursened dendri t ic grain structure in 
the W B zone and a na r row band showing 
a globular grain structure present at the 
WB-RZ boundary . Grain size is qui te var i
able in these areas, and is much larger than 
the original BM grains. The same observa
tions w e r e f ound to be t rue for all filler 
metals, b o t h as-welded and after heat 
treating and aging. 

There are a large number of precipi-

Table 4—Tension Test Results 

Filler 
Metal 

Base Metal 
PWSH&A(lj) 

2319 
PWSH&A 
4047 
PWSH&A 
2090 
PWSH&A 
4145 
PWSH&A 

(a) All strengths in 

Trial Number 
Number 

— 
-
9 
9 

10 
10 
14 
11 
12 
12 

MPA 
(b) Postweld solution heat treated and aged 
(c) Yield strength could not be ascertained. 

Tests 

3 
2 
3 
2 
S 
2 
3 
2 
3 
2 

Yield<a> 
Strength 

358.5 
386.1 
179.2 
351.6 

none(c) 

none'c' 
144.8 
379.2 

none(c> 

none'c' 

UTS' 
High 

455.0 
460.6 
259.9 
448.2 
233.7 
215.1 
254.4 
408.8 
244.8 
274.4 

) 
Low 

393.0 
444.0 
241.3 
444 
173.1 
177.2 
249.6 
386.1 
228.2 
267.5 

Avg. 

415.8 
452.3 
251.0 
446.0 
211.6 
198.6 
251.0 
397.8 
234.2 
271.0 

Fig. 7-Fractured surfaces of the as-welded specimens. A 
with 2090 filler metal. 

• Weld with 23 19 filler metal; B-weld 

• I 
HI 

-

R e s o l i d i f i c a t i o n Zone Weld 

»«r 
*•%* . 

BM 

Fig. 8— Typical metallurgical 
changes observed in a weld with 
2319 filler metal A - Weld bead 
resolidification zone; B — base 
metal-HAZ interface; 
C — resolidification zone-HAZ 
interface. 
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Fig. 9 —Hardness vs. 
distance from the 

weld. 

FILLER MATLS 

O 2319AW 

2319HT 

2090AW 

2090HT 

404 7AW 

4047HT 

4145AW 

4145HT 

1 0 1 5 2 0 

DISTANCE (mm) 

tates visible in the BM, seen as black dots 
in the figures. They are also seen in the 
W B , RZ and HAZ as dark lines a round the 
grain boundar ies, as we l l isolated inclu
sions. Af ter heat t reatment and aging, 
many o f the precipitates w e r e found to 
have been dissolved. The grain b o u n d 
aries are still visible, but they are much 
fainter, and the size and number of inclu
sions have been reduced. The f e w pores 
present show that the p rewe ld cleaning 
and we ld ing procedures have avo ided the 
p rob lem of w idespread poros i ty repor ted 
in the l i terature. The 2319 trial w i th the 
90-deg joint shape also s h o w e d a greatly 
reduced HAZ in compar ison to the 60-deg 
joint. This correlates w i t h the increased 
tensile strength o f the 90-deg joint. 

Rockwell Hardness 

All welds s h o w e d softening th roughout 
the we ld and HAZ in the as-welded c o n 
di t ion, but the 4047 and 4145 filler metals 
s h o w e d a softer zone in the base metal at 
the edge of the w e l d (resolidif ication 
zone), c o m p a r e d to the 2319 and 2090 
filler metals. The filler metals themselves 
w e r e all very soft in the as-welded cond i 
t ion. A greater d i f ference is seen after heat 
treating. The base metal in all the welds 
re turned to the original hardness, but the 
filler metals s h o w e d a large variat ion in 
hardness. The typical plot o f Rockwel l 
hardness vs. distance f r o m the we ld for 
2319 filler metal is s h o w n in Fig. 9. The 
2090 and 2319 filler metals became as 
hard as the base metal after heat treat
ment . Wh i le the 4145 filler metal hard
ened considerably, the 4047 got softer 
after heat t reatment. The softening of the 
4047 filler metal prov ides addit ional ev i 
dence that another heat t reatment cou ld 
be more ef fect ive than the one n o w be

ing used. It is reasonable to assume that a 
di f ferent heat treat ing p rocedure cou ld be 
op t im ized for each filler metal . This is an 
area for fu ture research. 

Conclusions 

It has been experimental ly s h o w n that 
Al-Li-Cu 2090 can be successfully GTA 
we lded . We lds are made using 75% He, 
25% Ar shielding gas, and a 60-deg single-
V g roove w e l d . A p r e w e l d cleaning treat
ment consisting of mechanical mill ing, 
scraping and an acetone w i p e was f ound 
to p roduce sound welds. The welds w e r e 
made using mult iple passes, w i th cool ing 
and cleaning b e t w e e n passes. A solut ion 
heat t rea tment and artificial aging after 
we ld ing p roduce the strongest welds, 
joint efficiencies up to 65% of base metal 
strength are possible in the as-welded 
condi t ion. Af ter heat t reatment , joint eff i 
ciencies ove r 98% are obtainable. This 
w o r k s h o w e d the best results are o b 
tained using 2319 filler meta l . 

Acknowledgments 

The authors are grateful to Dr. G. W . 
Oyler for his inspiration and encourage
ment and for the support of the We ld ing 
Research Counci l . The helpful advice and 
materials suppl ied by E. Costel lo, C. Grif-
fee o f the Boeing C o m p a n y and R. Mar
tukanitz of Alcoa are sincerely apprec i 
ated. 

References 

1. Pickens, ). R. 1985. Reviews: the weld
ability of lithium-containing aluminum alloys. 
lournal ofMaterials 5c/er?ce20(12):4247-4258. 

2. Pickens, ). R„ Langan, T. )., Barta, E. 
Weldability of AI-5Mg-2Li-0.1Zr Alloy 01420. 
Aluminum Lithium Alloys III: Proc. Third Intl. 
Aluminum-Lithium Conf. eds. C. Baker, P. Greg

son, S. ). Harris and C. I. Peel, pp. 137-146, In
stitute of Metals, London, England. 

3. Quist, W. E., Narayanan, G. H., Wingert, 
A. L. 1983. Aluminum-lithium alloys for aircraft 
structure — an overview. Alunimum-Lithium Al
loys II: TMS-AIME Conference Proceedings. 
eds. T. H. Sanders and E. A. Starke, )r., pp. 
313-334. New York, N.Y. 

4. Lenz, D. 1985. Opportunities for alumi
num with innovative technology. Aluminum 
61 (1):E1-E9. 

5. Cornell, D. A. 1987. Developments in 
welding, lournal of Metals 39 (1):30. 

6. Kou, S. 1986. Welding metallurgy and 
weldability of high-strength aluminum alloys. 
Welding Research Council Bulletin, 320:9-18. 

7. Kruger, U. 1984. Initial experimental re
sults of the resistance spotwelding of an alumi
num-lithium alloy. Aluminum 60 (11):E730-733. 

8. Kruger, U. 1985. Preliminary tests in the 
TIG welding of an aluminum-lithium alloy. Alu
minum 61 (2):E92-94. 

9. Welpmann, K., Peters, M., Sanders, |r., 
T. H. 1984. Aluminum-lithium alloy (I): metallur
gical fundaments. Aluminum 60 (10):E64 1-646. 

10. Welpmann, K., Peters, M., Sanders, Jr., 
T. H. 1984. Aluminum-lithium alloys (II): me
chanical properties. Aluminum 60 (11):E709-
712. 

11. Fridlyander, I. N., Ambertsumyan, S. M., 
Shirayaeva, N. V., Gabidullin, R. M. 1968. New 
light alloys of aluminum-lithium and magnesium. 
Material Science and Heat Treatment of Mate
rials 3:211-212. 

12. Kainova, G. E., Malinkina, T. I. 1969. 
Weldability of aluminum-lithium Alloy 01420. 
Material Science and Heat Treatment of Mate
rials 2:104-105. 

13. Fridlyander, I. N., Shirzyaeva, N. V., 
Malkinkina, T. I., Anokhim, I. F., Gorokhova, 
T. A. 1975. Properties of welded joints in Alloy 
01420. Material Science and Heat Treatment of 
Materials 3:240-241. 

14. Mironenko, V. N., Evstifeev, V. S., Kor-
shunkova, S. A. 1977. The effect of filler mate
rial on the weldability of Alloy 01420. Weld. 
Production 24 (12)44-46. 

15. Kushner, L. B., Fridlyander, I. N., Shiryae-
va, N. V., Novikova, E. A. 1977. Heat treatment 
of semifinished products of Alloy 01420 before 
cold deformation. Material Science and Heat 
Treatment of Materials 8:711-712. 

16. Skillingberg, M. H. 1986. Fusion welding 
of AI-Li-Cu-(Mg)-Zr plate. Aluminum Technol
ogy '86. Proceedings of Conference, ed. T. 
Sheppard: pp. 507-515. London, England. 

17. Cross, C. E„ Disen, D. L, Edwards, G. R., 
Capes, ). F. Weldability of Aluminum-Lithium 
Alloys. Center for Welding Research, Colorado 
School of Mines, Golden, Colo. 

18. Weymueller, C R. 1987. Al-Li alloys get 
respect. Welding Design and Fabrication 55 
(12):29-31. 

19. 1987. Advanced aluminum alloys and 
composites move beyond conventional joining 
processes. Welding journal 66 (8):45-46. 

20. Martukanitz, R. P., Natalie,C. A.,Knoefel, 
J. O. 1987. Weldability of an Al-Li-Cu alloy. 
Journal of Metals 39 (11):38-42. 

21. Kou, S. 1987. Welding Metallurgy. |ohn 
Wiley & Sons. 

22. Rubbert. M. P., 1988. TIG Welding Pro
cess of Aluminum Alloy 2090. MS Thesis, Uni
versity of Washington, Seattle, Wash. 

114-sl M A R C H 1 9 9 0 


