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Electron beam welded joints made on AW2099 aluminium lithium alloy with the thickness of 4 mm were analysed.
The third generation of aluminium lithium alloys was developed to improve the drawbacks of the second one. Various
electron beam welding parameters (beam current, welding speed) were tested. Accelerating voltage was constant, i.e.,
55 kV. Defect free welded joints were produced under optimized welding parameters. Weld metal microstructure and
welded joints mechanical properties were investigated. Microstructure of weld metal matrix consists of a-aluminium
solid solution. Inter-dendrite areas were enriched in alloying elements due to segregation. Narrow equiaxed zone was
observed at the location close to the fusion boundary being characteristic for welded joints made on aluminium lithium
alloys. The character of the grains changed in the direction towards weld metal centre to columnar dendritic and equi-
axed dendritic. Microhardness values reduction in the weld metal was observed which is associated to the dissolution

of strengthening precipitates. 19 Ref., 1 Table, 9 Figures.
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Aluminium lithium alloys have received extensive
attention in aerospace industry due to low density,
high strength/weight ratio, high Young’s modulus,
improved fatigue crack growth resistance and resis-
tance to corrosion. It is known that adding of 1 % of
lithium resulted in the decrease in density by 3 % and
improvement in Young’s modulus by 6 % [1-7].

The third generation of aluminium lithium alloys was
developed to remove the disadvantages of previous gen-
eration. Important representatives of newly developed
alloys are 2099 and 2199 being applied in the fuselage’s
skin stringer components [8]. Al-Li alloys of the new
generation are characteristic by higher Cu/Li ratio than
previous generation [9]. The application of 2099 alloy
caused the reduction of weight of wing components by
14 % and cryogenic tanks by 21 % [10].

Currently, worldwide research focuses on the weld-
ing of aluminium lithium alloys. Friction stir welding
belongs to the possible joining methods [11-18]. The
main issues when fusion welding of these alloys is

carried out are porosity, hot cracking, evaporation of
alloying elements and decrease in mechanical proper-
ties. Drop in mechanical properties is associated with
the dissolution of strengthening precipitates due to
thermal cycle of welding. From this point of view, the
application of low heat input electron beam welding
could be more convenient. High welding speeds lead
to formation of minimum deformations and residual
stresses. Furthermore, narrower weld metal and HAZ
represents softening region of much smaller dimen-
sions in comparison to conventional arc welding pro-
cesses [19, 20].

Only a few papers focus on the electron beam
weldability of AW2099 aluminium lithium alloy have
been published. The purpose of the paper is to analyse
the properties of electron beam welded joints made on
latest generation AW2099 aluminium lithium alloy.

Materials and methods. AW2099 aluminium
lithium alloy, 4 mm thick, was suggested as experi-
mental material. Initial thickness of as delivered alloy
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Chemical composition of AW2099 aluminium lithium alloy

Cu Li Zn Mg Mn Zr

Ti Fe Si Be others Al

2.7 1.8 0.70 0.30 0.30 0.09

0.10 0.07 0.05 0.0001 0.03 Bal.

was 25.4 mm. The thickness of AW2099 alloy was
reduced to 4 mm. Solution annealing at 530 °C/1 hr.
was carried out before hot rolling. The chemical com-
position of the AW 2099 alloy provided by Smiths
High Performance is given in Table.

PZ EZ 30 STU electron beam welding machine
from First Welding Company, Inc. in Bratislava with
the maximum accelerating voltage of 60 kV was used
for manufacturing of welded joints (Figure 1). The
maximum beam current 500 mA and output power
are 30 kW. Welded joints were produced in the Cen-
tre of Excellence of 5-axis Machining (CESAM) of
the Faculty of Materials Science and Technology in
Trnava, Slovakia. The vertical electron beam welding
was carried out within experiments. The volume of
vacuum chamber is 14.3 m®. The vacuum level during
welding was 1072 Pa. Accelerating voltage of 55 kV
and focusing current of 885 mA were used.

After metallographic preparation, the samples
were etched with Keller’s reagent (chemical com-
position 1 ml HF + 1.5 ml HCI + 2.5 ml HNO, +
95 ml distilled H,0). High resolution field emission
gun scanning electron microscope JEOL JSM 7600
F with EDS analyser X-max 50 mm? of Oxford In-
struments was used to identify elemental distribution
across investigated location. Microhardness measure-
ments across base metal-HAZ-weld metal interface
was carried out on Buehler IndentaMet 1100™ Series
microhardness tester. The parameters of measure-
ments were as follows: loading force 0.98 N, dwell
time 10 s. Distance between indents in base metal and
HAZ was 100 and 500 um within the weld metal.

Results. Effect of welding parameters on the weld
bead appearance and weld defects is given in Fig-
ure 2. When beam current of 50 mA was used, the

Figure 1. PZ EZ 30 STU electron beam welding machine
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application of welding speeds up to 20 mm/s resulted
in the drop through. The heat input was too high in
such cases. Increasing the welding speed to 30 mm/s
resulted in the elimination of mentioned burn through.
On the other hand, slight undercut was observed. In-
crease of beam current to 60 and 70 mA (at welding
speed of 30 mm/s) resulted in solidification cracking.
Smooth surface without weld defects was observed
when lower heat inputs were applied. Beam currents
60 and 65 mA and welding speeds from 50 to 80 mm/s
resulted in the production of defect-free welded joints
with smooth surface.

Microstructure of weld metal-heat affected zone
interface (welded joint produced with beam current
of 50 mA and welding speed of 30 mm/s) is given
in Figure 3. The equiaxed zone (EQZ) was observed
close to the fusion boundary. Equiaxed grains were
probably formed due to heterogeneous nucleation at
the lithium and zirconium rich precipitates.

In the direction towards weld center, the change
in the dendrite morphology was observed. Columnar
dendrite zone and equiaxed dendrite zone were found.
The width of EQZ of about 20 pm consisting of equi-
axed grains of average size 7 um was documented
between the fusion boundary and weld metal. Wang
et al. observed that the grain volume was without
precipitates and similarly found eutectics at the EQZ
boundaries [11].

Chen et al. found EQZ in the un-fused region in the
welded joints produced by newly developed fusion-dif-
fusion electron beam welding of 2195-T3 aluminium
lithium alloy. The diameter of equi-axed crystals was
50 um. Weld metal and EQZ were characteristic by the
presence of AL,Cu and T1 precipitates [21].
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Figure 2. Effect of welding parameters on bead appearance and
type of weld defects
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Figure 3. Microstructure of weld metal-HAZ interface (I, =
=50 mA, v =30 mm/s)

The microstructure of HAZ—weld metal interface
of welded joint produced with lower heat input 45 J/
mm (beam current of 65 mA and welding speed of
80 mm/s) is documented in Figure 4. Lower heat in-
put caused that the width of EQZ decreased to about
10 um and was non-uniform across weld depth. EQZ
is formed in some locations along fusion boundary
only by one grain.

The weld root area of welded joint produced with
the beam current of 60 mA and welding speed of
50 mm/s is given in Figure 5. The structure has a typ-
ical casting character, with a dendritic morphology.
The matrix is formed by a a-solid solution of alloying
elements Cu and Li in aluminium and at the inter-den-
drite locations depending on the maximum tem-
perature and holding, the precipitation of secondary
phases 8'-ALLi, B’-Al,Zr, 6-Al,Cu could be expected.

Inter-dendrite precipitate documented by electron
microscopy is given in Figure 6. EDS «linescan»
across aluminium matrix—precipitate—aluminium ma-
trix interface is given in Figure 7. The increase in cop-
per, iron, and manganese content was observed in the

420 um

Figure 4. Microstructure of HAZ-weld metal interface (I, =
=65 mA, v =80 mm/s)
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Figure 5. The microstructure of the equiaxed dendrite zone in the
weld metal centre (I, = 60 mA, v =50 mm/s)

site where precipitate is present. On the other hand,
aluminium content remarkably decreased.

The course of microhardness across welded joints
interfaces are given in Figure 8. The average mi-
crohardness of base material was 109 HVO0.1. Weld-
ed joint produced with beam current of 50 mA and
welding speed of 30 mm/s, i.e., heat input 92 J/mm
was characterized by drop of microhardness in the
weld metal. The average microhardness measured in
the weld metal is about 75 HVO0.1, representing about
69 % of the microhardness of the base material.

Microhardness trend for welded joint produced
with higher heat input, following welding parameters:
beam current 80 mA and welding speed of 40 mm/s is
given in Figure 9. The calculated heat input is 110 J/
mm. Similarly, the drop of microhardness was record-
ed in the weld metal. The averaged microhardness
reached the value of 81 HV0.1 being about 74 % of
the averaged values measured in the AW2099 alumin-
ium lithium alloy.

Chen et al. investigated the reasons for lower me-
chanical properties of electron beam welded joints on
2195-T3 aluminium lithium alloy with the thickness
of 5 mm. Similarly, authors also observed the de-
crease in the hardness in the welded joint averaging

Figure 6. Inter-dendrite precipitate in the weld metal
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Figure 7. Course of aluminium, copper, manganese and iron across dendrite boundary (the value on the ordinate axis must be increased

1000 times)
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Figure 8. The course of microhardness across welded joint pro-
duced by beam current 50 mA and welding speed 30 mm/s

72 HV, representing about 60 % of the base materials
hardness [22].

Based on the course of the measured values of mi-
crohardness, it can be stated that the microhardness of
the weld metal decreased in comparison to the base
material. Due to the thermal influence of the materi-
al by the welding thermal cycle, main precipitates T1
(ALCuLi), most significantly contributing to the in-
crease of mechanical properties during the heat treat-
ment of mentioned aluminium alloy dissolved in the
weld metal region. Reheating and melting of the base
material resulted in the dissolution of phase T1.

Conclusions

The following could be concluded according to the
results attained by the analysis of the electron beam
welded joints made on AW2099 aluminium lithium
alloy:
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Figure 9. The course of microhardness across welded joint pro-
duced by beam current 80 mA and welding speed 40 mm/s

m clectron beam welding of latest generation alu-
minium lithium led to the production of sound joints
by optimization of welding parameters;

m higher heat input resulted in burn through and
formation of solidification cracking;

m non-dendritic equiaxed zone was observed in the
location close to the fusion boundary;

m the width of EQZ decreased when lower heat
input was used;

m increase in the copper content was observed at
the inter-dendrite areas due to segregation;

m decrease in average microhardness of weld met-
al was found and it was probably caused by dissolu-
tion of precipitates.
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by a mercury drop.

MAY 22, 2012

and high seismic resistance.

Cloud Gate sculpture was opened. It is located in the business quarter of Chi- |
cago, USA. Its author is the Indian-born British artist Anish Kapoor (born in 1954). The sculpture
consists of 168 stainless steel plates, welded together and polished so well that its exterior has
no visible welds. The dimensions of the sculpture are 10 (height), 20 (length) and 13 (width) m, its
weight is about 100 t. Welders used hybrid laser-arc welding. Cloud Gate is one of the most fa-
mous and recognizable monuments of our time. It is believed that the sculpture form was inspired

Opening of Tokyo Skytree — TV tower in Sumida district (Tokyo, Japan). It is
the world’s tallest TV tower of 634 m height and the second in height construction in the world after
«Burge-Halifa». The entire structure of the tower consists of «lattice» elements, each of which is a
combination of triangles, as part of other components. These elements are connected through branch
joints and pipes. All the structures are joined by welding directly to the main support, without applica-
tion of any other fastening systems or methods. This type of connection has a very simple appearance
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