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Electron beam welding of titanium alloy is easy to get high strength welded joints generally. Due to the lack
of ductility and toughness, the joint often becomes a failure, which seriously affects the safety of electron
beam welded components. This work is aiming at investigation on the strength and toughness control
technology of Ti6Al4V alloy joints by electron beam welding with three filler materials to achieve equal
strength matching welded joints with good plasticity. The results showed that the microstructures of three
filling material are composed of Widmanstatten microstructure and a. The uniformity of microstructure
and microhardness of fusion zone have been studied. The tensile strength and impact toughness have been
researched, and the fracture morphology was observed by scanning electron microscopy. The strength of
adding pure titanium joints decreased with the increase in the thickness of the joint. At the same thickness,
the addition of Al can ensure the increase in plasticity and decrease the strength. Therefore, adding 0.5 mm
pure titanium and 1 mm Ti4Al in sheet can obtain the joint with the same strength as the base metal and
higher toughness than the base metal, and both fillers can realize the effective control of joint strength and
toughness. The uniformity of microstructure and microhardness of joints adding 1 mmTi4Al is better.
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1. Introduction

Electron beam welding (EBW) technology as a high energy
beam machining technology has the characteristics of high
energy density (107 W/cm2), large weld depth to width ratio
(60:1), small deformation and good stability during welding.
The vacuum electron beam welding also provides good
protection for the titanium alloy molten pool, ensuring the
high quality of the weld (Ref 1-3). Electron beam welding is
considered to be the most suitable welding technique to join the
thick titanium plate due to its excellent welding quality, the
high vacuum environment and large depth penetration (Ref 4-
10).

Welding plays an important role in the use of materials.
Welding structure often requires not only high strength but also
good toughness. Structural instability and strength failure are
the main failure modes, in which the fracture consequences of
brittle failure caused by the lack of toughness are the most
serious. Therefore, special attention should be paid to matching
of joint strength and toughness to avoid potential safety

hazards. The plasticity and toughness of electron beam welded
joints decrease greatly compared to the base metal (BM), and
also decrease with the conventional fusion welding method like
TIG and MIG (Ref 11-14), so improvement of the dispersion of
toughness of titanium alloy electron beam welded joint has
become a key work, and it influences the electron beam
welding to be applied in the manufacture of components on
high requirements of the plasticity and toughness.

In some studies and patents, it can be seen that the Japanese
company NISSAN, GE Company in the USA, Spain and Israel
related research units (Ref 15-21), as well as other universities
have tried in the welded joint using filled metal to achieve the
improvement of toughness and fatigue properties of joints,
although the filling metal is mainly applied in the welding
dissimilar metals (Ref 22-24). The results of NISSAN auto-
mobile company show that the welding joint strength decreased
10%, toughness increased 57% (Ref 15) with filling of pure
titanium in Ti6Al4V alloy; GE Corp and other investigators
proved that the fatigue life increased 3 � 4 times with the same
filling material in different thicknesses during nickel based
alloy electron beam welding (Ref 16-21). The studies found
that the lamellar microstructure is lower than equiaxed or
duplex microstructure in plasticity, but higher in fracture
toughness and strength instead (Ref 22, 23). For TIG welding,
adding filler is a conventional welding methods (Ref 24). The
beam oscillation has been used in electron beam welding to
obtain weld with good matching of strength and toughness (Ref
8, 10). Therefore, it is a feasible method to improve the
toughness and fatigue properties of electron beam welded joints
by filling metal in the welded joint to change the alloy content
of the joint.

The existing research is mainly in the thickness no more
than 10 mm sheet, and only pure titanium or same alloy
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material was used in research. However, the uneven heating of
heavy plate will have a great impact on the uniformity of the
microstructure, and excessive addition of low alloying material,
especially pure titanium, will result in a significant reduction in
the content of alloying elements in the weld, so it will lead to
the great decrease in the weld strength, and adversely affect the
bearing capacity of large welded structures. So the research on
strength and plastic toughness control technology of EBW joint
of 20 mm titanium alloy plate is urgent. The effective control of
composition microstructure can be achieved by adding pure
titanium or titanium alloy with electron beam scanning, which
can have high strength in the weldments, while avoiding
supersaturated solid solution formed martensite produced in the
weld to increase the weld ductility and toughness (Ref 25).

2. Experimental Procedure

Base metal used in the experiments was Ti6Al4V alloy in
annealing condition with dimensions of 400 9 200 9 20 mm.
The chemical composition of this alloy is shown in Table 1.
Mechanical properties of Ti6Al4V alloy at room temperature
are given in Table 2.

It can be seen that the microstructure of the base metal is a
typical bimodal microstructure composed of primary a phase
surrounded by partially transformed b, as shown in Fig. 1.

The chemical compositions and thickness of filler materials
are shown in Table 3. The main elements of the three filler
materials are all base metal components, there is no element
that does not exist in the base metal, mainly to avoid the
potential difference caused by different elements affecting the
corrosion performance of the joint. Among them, Filler-1 and
Filler-2 would be used to compare the effects of pure titanium
thickness on the microstructure and properties of the weld;
Filler-2 and Filler-3 would be used to compare the effects of
different components on the microstructures and properties of
the weld. The schematic diagram of filler welding is shown in
Fig. 2.

Filler plates are cut according to the welding interface
dimension of the base metal, and the oxide surface of wire
cutting edge is removed by mechanical machining. In order to
remove the oxide and dirt, the base metal and filling material
have been cleaned strictly using acid in HF (2%) + HNO3
(25%l) + H2O (73%). The material is welded immediately after
cleaning.

The base metal plates to be welded are clamped to be filled
with filler plates and welded together by argon arc welding. The
welding gap is less than 0.1 mm, and the whole weld is
uniform. Base metal flat on the pad by fixture, pressing force
applied in horizontal direction and vertical direction of welding
materials. The electron beam butt welding is performed by deep
penetration welding combined with surface modification weld-
ing. The welding parameters are shown in Table 4. Mechanical
properties of electron beam welding joint without filler metal at

room temperature are shown in Table 5. The microhardness and
microstructure were tested and observed at half thickness of the
joint.

According to the national standard GB/T 2654-2008-Test
methods for hardness of welded joints, the joints were
subjected to microhardness test. The test position of the
microhardness test is shown in Fig. 3. According to GB/T
4340.1 standard, microhardness test adopts VMH-104 micro-
hardness Vickers hardness tester in 200 g holding 10 s. The
measurement is from weld center to base metal testing 1 point
every 0.5 mm in horizon direction, and from weld top to
bottom testing 1 point every 2 mm in thickness direction.

The two tensile specimens, three impact toughness speci-
mens and one transmission electron microscopy specimens
were machined from each welded plates being perpendicular to
the welding direction. The tensile strength test was carried out
at room temperature by Instron 5982 electronic universal
testing machine. The impact toughness test was carried out by
ZBC2302-B test machine at room temperature, and the tensile
and impact sample sizes are shown in Fig. 4. The thickness of
tensile specimen is 20 mm. The joint fractures of tensile and
impact toughness test are observed under Quanta 650 scanning
electron microscopy (SEM). Transmission electron microscopy
(TEM) was used to examine the microstructure at high
magnifications. Thinning of the disks to electron transparency
was achieved by electropolishing in a solution of 5% perchloric
acid, 35% butoxyethanol and 60% methanol at approxi-
mately �30 �C. The voltage was adjusted initially to achieve
a current of approximately 80-100 mA and then kept constant
until perforation.

3. Results and Discussion

3.1 Microstructure

Cross-sectional macrographs of the joints are shown in
Fig. 5. The joints were obtained using the welding parameters
above, and no volumetric defect is observed. The cross-
sectional macrograph of the joints is taper shape, and the widths
of middle weld are about 3-4 mm. The macrograph of the joint
can be divided into four zones: the weld metal (WM), the
fusion zone (FZ), the heat-affected zone (HAZ) and the base
metal (BM). There are many differences between the WM, FZ
and HAZ zones of the three fillers joints.

The microstructures of three filler material welds in WM are
shown in Fig. 6. The microstructures are composed of Wid-
manstatten and a. The WM of Filler-1 contains a large amount
of Widmanstatten and a few of massive a, as shown in
Fig. 6(a). A small amount of Widmanstatten and a large amount
of coarse and massive a in WM of Filler-2 are shown in
Fig. 6(b). The WM of Filler-3 has a large amount of
Widmanstatten and a small amount of acicular a, as shown in
Fig. 6(c). Further observation of the microstructure reveals that
there are a large number of acicular a and a small amount of
massive a in WM of Filler-1, as shown in Fig. 6(d). From
Fig. 6(e), it can be seen that a large number of massive and
coarse a and a small amount of acicular a in WM of Filler-2,
and only a little acicular a in WM of Filler-3, as shown in
Fig. 6(f).

Compared to Filler-2, the massive a in WM of Filler-1
reduces, and the content of Widmanstatten microstructure in

Table 1 Chemical compositions of base metal (wt.%)

Element Al V Fe C N H O Ti

Contain 6.37 4.30 0.20 0.01 0.01 0.001 0.12 Bal
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WM of Filler-1 obviously increased with decrease in a size and
quantity. The massive a in WM of Filler-1 decreases signifi-
cantly. This is because that the filler material of Filler-1 is
reduced half compared to that of Filler-2. In the case of the
same composition, base metal melted in Filler-1 increases and
the proportion of alloying elements decreases less. During the
welding cooling process, the b changes to produce a large
amount of Widmanstatten microstructure, which reduces the
amount of a phase transformed by b. Meanwhile, because a-
stabilizing element Al has no time to precipitate in the rapid
cooling process, the solution dissolves in the transformation

structure increasing the driving force of phase structure growth,
so that the phase structure is more subtle just like a small
needle. At the same time, due to the uneven distribution of
alloying elements, there is still little massive a in the Filler-1
weld metal.

Compared to Filler-1, there is only a small amount of grain
boundary acicular a remained in the Filler-3, and the content of
Widmanstatten microstructure is further increased significantly.
The size and quantity of a in Widmanstatten increase, the
massive a disappears, and a mainly presents acicular.

This is because that the addition of the alloying element Al
in Filler-3 greatly increases the level of a-stabilizing elements
in the weld and substantially reduces the martensite formation
temperature resulting in a large amount of Widmanstatten
generating during the welding cooling process. Because the a-
stabilizing element Al is dissolved in the weld metal, the
internal driving force for the growth of the phase structure
decreases, so that the morphology of the a becomes finer and
smaller, and becomes acicular. There are no massive a phase.

The microstructure of the three joints fusion zones is shown
in Fig. 7. From Fig. 7, it can be seen that the fusion zone serves
as a solid–liquid mixing zone, and there is a great difference in
the uniformity of the microstructure of different filling mate-
rials. The Filler-2 uniformity is the worst, as shown in
Fig. 7(b). There are a large number of massive and acicular a
phases on the side near the weld, and there is Widmanstatten
microstructure at the boundary and some transformed b
containing secondary a and b phase close to the heat-affected
zone. The uneven microstructure makes this area a weak link in
joint failure.

By reducing the amount of pure titanium as shown in
Fig. 7(a) or changing the content of alloying elements in the
weld, such as Fig. 7(c), the homogeneity of the fusion zone is
improved, but coarse a still can be seen in Filler-1, while in
Filler-3 the microstructure slowly transitioned from Wid-
manstatten to transformed b, and there is no obvious massive

Table 2 Mechanical properties of base metal at room temperature

Tensile strength Rm, MPa Yield strength Rp0.2, MPa Percentage elongations A, % Reduction of area w, % Impact toughness KV2, J

917 844.5 13.25 33.5 32

Fig. 1 Microstructure of Ti6Al4V alloy: (a) low magnification and (b) high magnification

Table 3 Chemical compositions of filler materials (wt.%)

Material Thickness, mm Ti Al O

Filler-1 0.5 Bal … 0.18
Filler-2 1 Bal … 0.18
Filler-3 1 Bal 4.2 0.15

Fig. 2 Schematic diagram of filler welding
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a. So uniformity of microstructure of fusion zone in Filler-3 is
the best in three joints.

The microstructure of the weld using three kinds of filler
materials is shown in Fig. 8. Because of the great length-
diameter ratios, martensite can be found in Fig. 8. Among
them, the martensite in Filler-3 weld is fine, the width of
martensite in Filler-1 is large, and the martensite in Filler-2 is
very little. The weld using Filler-1 is the mixture of filler
material and base metal, and the effect of base metal melting
into the weld pool is greater than that of filler material.
Therefore, the a stable element Al in the base metal melts into
the weld pool to form supersaturated solid solution during rapid
cooling. Due to the small amount of supersaturation, the
number of martensite is small and the width is large. The
content of pure titanium filled in weld using Filler-2 is higher,
the supersaturated solid solution formed is greatly reduced, and
a phase presents thick lamellae and rod shape. However, the
addition of Ti4Al in weld using Filler-3 improves the stability
of a, and Al element in b phase is too late to precipitate when it
cools rapidly after welding, so b forms supersaturated solid
solution martensite with large aspect ratio.

There is no significant difference in the heat-affected zone
between different filling materials, and the heat-affected zone
can be divided into three areas, as shown in Fig. 9(a), (b) and
(c). Since the characteristics of the heat-affected zone are the
same, further observations are made for the three areas of the

heat-affected zone in Fig. 9(a). In zone I, which is closer to the
weld zone, the temperature during the welding process is higher
and the temperature is above the b transformation temperature.
During the cooling process, recrystallization process occurs and
fine equiaxed grains are formed, as shown in Fig. 9(d). In zone
II, which is farther from the weld, stripe grains are present, as
shown in Fig. 9(e). In the zone III, which is the farthest from
the weld zone, the microstructure is small, the grain boundary is
not obvious, and the grain size grows bigger than the base
metal, as shown in Fig. 9(f).

Because the base metal Ti6Al4V will inevitably melt in the
welding material, the base metal will melt to form a liquid after
welding heating. In the cooling process, the base metal will first
convert into b phase. For Filler-1, because it is pure titanium
and the thickness is thin, the base metal will melt a large
number into weld during welding, so there is supersaturated b
cooling and solidification to form martensite and a small
amount of b phase transformation to coarse a in the cooling
process. However, for Filler-2, because of its pure titanium and
thick thickness, the number of base metal melting into the weld
is less than Filler-1 during welding, so more b phase changes
into massive a in the cooling process, and only little part near
the base metal has supersaturated b cooling solidification to
form martensite. For Filler-3, because it is a titanium alloy, the
aluminum content is the same as that of the base metal, and the
thickness is relatively thick. Therefore, there are a lot of
supersaturated b during cooling and solidification to form
martensite, and a small amount of b phase is transformed into
a. Acicular martensite can improve the strength of weld but
reduce the toughness of weld. The a can reduce the strength of
the weld, but can improve the toughness of the weld. Therefore,
the weld with good matching of strength and toughness can be
obtained under the appropriate structure ratio.

3.2 Mechanical Properties of Welded Joints

3.2.1 Microhardness The microhardness distribution in
the horizontal direction of the three kinds of joints is shown in
Fig. 10. The microhardness of the weld metal in Filler-2 is the
lowest, and the mean value is 240HV0.2, which is lower than
the level of the base metal. The microhardness of the weld
metal in Filler-3 is the highest, and the mean value is above 300
HV0.2, which is almost same as that of base metal. The
microhardness of the weld in Filler-1 is slightly lower than that
of Filler-3, which is equivalent to that of base metal, but the
microhardness changes greatly, while the microhardness of the
Filler-3 welds is more uniform.

This is due to the addition of pure titanium in the weld,
which can reduce the alloying element content. During the
welding cooling process, the driving force generated Wid-
manstatten microstructure reduces resulting in more a in the
weld, so the microhardness of the weld metal reduces. When
the amount of pure titanium is small, the base metal and weld
composition differ less after mixing the base metal and the filler
material in the welding process. By welding thermal cycles, the
weld metal produced Widmanstatten further enhance strength
of weld metal, which makes the weld and base metal

Table 5 Mechanical properties of electron beam welding
joint without filler metal at room temperature

Tensile strength Rm, MPa Impact toughness KV2, J

952 28

Fig. 3 Test positions of the microhardness

Table 4 Parameters of electron beam welding

Voltage, kV Welding speed, mm/min Beam current, mA Focusing current, mA Scanning pattern Amplitude, mm Frequency f, Hz

150 1800 145 2390 Circle 2 500
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microhardness equivalent. With the increase in pure titanium,
content of alloying elements in the weld metal declines, and a
phase content increases, so the microhardness significantly
reduces. Adding filler alloy, especially the solid solution
strengthening effect elements Al, will increase Widmanstatten
and martensite, and decrease a in weld, so it can control the
ratio between Widmanstatten, martensite and a effectively. The
microhardness of weld is equal to that of the base metal, and the
good matching between the weld and the base metal is
achieved.

The distribution of microhardness in the thickness direction
of the three joint welds is shown in Fig. 11. It can be seen from
the figure that there are obvious differences in the microhard-

ness distribution of the three filler materials in the thickness
direction of the weld, and there is a clear downward trend in the
microhardness of Filler-1 and Filler-2. The microhardness of
the weld in Filler-3 is the highest, and the mean value is above
300 HV0.2, and the uniformity of microhardness is good
without large deviation. Filler-2 welds has the lowest mean
microhardness, which is only 240HV0.2. While fluctuation of
the microhardness of Filler-1 welds is the biggest, the
microhardness in the middle of welds reaches 310HV0.2, and
the microhardness at the bottom of welds is only 230HV0.2.

This is due to the addition of pure titanium in the weld,
which can reduce the alloying element content. During the
welding cooling process, the driving force generated Wid-

Fig. 4 Sample size diagram
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manstatten microstructure reduces resulting in more a in the
weld, so the microhardness of the weld metal reduces. As the
upper width of the weld is large, the filling material and the
base metal are mixed sufficiently, the difference between the
component and the base metal is small, and a large amount of
Widmanstatten microstructure is formed, so the microhardness
is high. While in the lower part of the weld, because of the
narrow width of the weld, the filling material becomes main
component, so the microhardness of the filler material deter-

mines the microhardness of the weld. Therefore, the greater
difference between the component of filler material and base
metal is, the greater the non-uniformity of the microhardness
will be in the thickness direction.

Both Filler-1 and Filler-2 are pure titanium, which reduces
the microhardness of the weld. Filler-1 is only half thickness of
Filler-2, so base metal melting in Filler-1 weld is greater than
that in Filler-2. Therefore, the microhardness of Filler-1 is
greater than that of Filler-2. However, due to the low amount of

Fig. 5 Cross-sectional macrograph of the joints: (a) Filler-1, (b) Filler-2 and (c) Filler-3

Fig. 6 Microstructure of WM: (a) Filler-1; (b) Filler-2; (c) Filler-3; (d) high magnification of Filler-1; (e) high magnification of Filler-2 and (f)
high magnification of Filler-3
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base metal dissoluting in the bottom part, the microhardness is
significantly lower than that of the upper part of the weld. The
addition of Al in Filler-3 enhances the transformation power of
a phase, which results in a significant increase in the content of
Widmanstatten microstructure in welds. At the same time, the
composition of Filler-3 is closer to that of base metal, so the
microhardness of the Filler-3 welds is more uniform.

3.2.2 Tensile Strength As shown in Table 6, the tensile
strength (UTS) values of the welded joint specimens with
Filler-1 and Filler-3 can be equivalent to that of base metal.

It is well in accordance with the relationship between
microstructure and mechanical properties of joints. According
to the microstructure and microhardness presented above,
Filler-1 and Filler-3 will result in higher strength than Filler-2,
and the homogeneity of composition, microstructure and
microhardness makes Filler-3 the best joints with fracture
position in BM.

The tensile fracture of three joints were analyzed using a
SEM and the fracture morphology are displayed in Fig. 12. As

shown in Fig. 12, there are lots of dimples with different size
and depth in the fracture surfaces of joints. In fracture surfaces
of Filler-1 joints, the dimples are uneven, as can be seen in
Fig. 12(a). The dimples of fracture surfaces of Filler-2 joints are
deeper and larger than that of Filler-1 joints, as can be seen in
Fig. 12(b). Dimples in fracture surfaces of Filler-3 joints are
more even than that of Filler-1 joints, and there are small
dimples inside the large dimples, as shown in Fig. 12(c). So the
tensile properties of Filler-3 are the best.

3.2.3 Impact Toughness Property The Charpy impact
toughness test results are presented in Table7.

The mean value of impact toughness of Filler-1 joints,
Filler-2 joints and Filler-3 joints is 51 J, 68 J and 41 J,
respectively. The highest impact toughness is achieved in
Filler-2, which is 100% higher than that of BM. The results are
consistent with the microstructure of the welded joints. Because
the Filler-2 consists of high density a, the impact toughness is
higher than that of BM.

Fig. 7 Microstructure of FZ: (a) Filler-1; (b) Filler-2 and (c) Filler-3

Fig. 8 TEM of WM: (a) Filler-1; (b) Filler-2 and (c) Filler-3
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The average impact toughness of Filler-3, which is lowest in
the three joints, is approximately 28% higher than that of base
metal. This shows that the improvement of the composition of
the electron beam weld alloy of Ti6Al4Valloy can significantly
improve the impact toughness of the weld.

In the test, all welding impact specimens were extended
along the center of the weld until they broke. During the impact
fracture process, the cracks were mainly expanded in the weld.
According to the microscopic fracture analysis of the welding
impact specimen, the microcosmic morphology of the above
three kinds of welds at room temperature impact fracture is
shown in Fig. 13. It can be seen from the fractures that the
impact fracture of Filler-3 consists of small dimples, but the
number of dimples is small and the fracture size is small, the

fracture is relatively smooth, and the crack propagation exhibits
lamellar cracking, as can be seen in Fig. 13(c); in contrast, the
number of dimples in the weld impact fracture of Filler-2 is
largest and the size is largest, as shown in Fig. 13(b). The
surface of the fracture surface is rough and the path of the crack
propagation is tortuous. It absorbs most of the external work
during the process of crack propagation, which is the main
reason for the improvement of its impact toughness. The impact
fracture of Filler-1 consists of many dimples, as shown in
Fig. 13(a).

The effect of filler metal on strength and impact toughness is
different. Filler-1 and Filler-2 compared the effects of pure
titanium thickness on the microstructure and properties of the
weld; Filler-2 and Filler-3 compared the effects of different
components on the microstructures and properties of the weld.

Fig. 9 Microstructure of HAZ: (a) Filler-1; (b) Filler-2; (c) Filler-3; (d) high magnification of zone I; (e) high magnification of zone II and (f)
high magnification of zone III

Fig. 10 Microhardness of the joint in horizon direction Fig. 11 The microhardness of the joint in thickness direction
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The hardness depends on both composition and thickness of
filler materials. For the strength and impact toughness, the
tensile strength is also dependent on both composition and
thickness of filler materials, so almost the same strength is
obtained for the two joint with Filler-1 (pure titanium) and
Filler-3 (Ti4Al). The impact toughness is more dependent on
the composition of filler materials, so the toughness of weld
joint with pure titanium filler is higher than that with Ti4Al
filler. At the same thickness, the addition of Al can ensure the
increase in plasticity and decrease the strength. Therefore,

adding 0.5 mm pure titanium and 1 mm Ti4Al can obtain the
joint with the same strength as the base metal and higher
toughness than the base metal, both of which can realize the
effective control of joint strength and toughness. The unifor-
mity of microstructure and microhardness of joints adding
1 mm Ti4Al is better. Due to the thin thickness of pure titanium
filler metal and the welding fusion of base metal, the
composition and microstructure of the joint are close to the
base metal. The influence of filler material on the overall tensile
strength of the joint is limited, which makes the joint strength

Table 6 Tensile properties of welded joints

Element Tensile strength Rm, MPa Mean value of tensile strength Rm, MPa Percentage elongations A, % Fracture position

Filler-1 939, 937 938 12 FZ
Filler-2 851, 836 844 18 WM
Filler-3 938, 938 938 12.5 BM

Fig. 12 Fractographs of tensile test specimens: (a) Filler-1; (b) Filler-2 and (c) Filler-3

Table 7 Impact toughness of welded joints

Element Impact toughness, J Mean value of impact toughness, J

Filler-1 52, 50, 51 51
Filler-2 70, 67, 68 68
Filler-3 45, 38, 41 41

Fig. 13 Fractographs of impact toughness tensile test specimens: (a) Filler-1; (b) Filler-2 and (c) Filler-3

2510—Volume 33(5) March 2024 Journal of Materials Engineering and Performance



maintain at a high level. Compared with the base metal, the
alloy elements in the titanium alloy filler metal are reduced, but
the martensite phase or Widmanstatten microstructure formed
during welding helps to improve the strength of the weld, thus
maintaining the overall high strength of the joint. The impact
toughness is more sensitive to the microstructure of the joint.
Massive a phases have better impact toughness, while acicular
martensite can significantly reduce the impact toughness of the
weld. Therefore, in order to obtain good joint strength and
toughness, thin pure titanium filler metal or thicker titanium
alloy filler metal should be designed. The research results are
helpful for understanding the microstructures and properties of
Ti6Al4V electron beam welding joints which could be used in
engineering fields.

4. Conclusions

In the present work, the microstructure and mechanical
properties of three filling material joints were investigated, and
the relation between the both was studied. The conclusions
were drawn as follows:

(1) The microstructures of three filling material are com-
posed of Widmanstatten microstructure and a. There are
little massive a and some coarse a in WM of Filler-1, a
large number of massive a and a small amount of coarse
a in WM of Filler-2, and only a few acicular a in WM
of Filler-3. There are Widmanstatten microstructure and
transformed b in fusion zone. The uniformity of
microstructure of fusion zone in Filler-3 is the best in
three joints.

(2) The microhardness in the horizontal direction of Filler-1
joint is the lowest among the three filler joint, and the
mean value is 240 HV0.2. The microhardness of Filler-3
is the highest and the most uniform, and the mean value
is above 300 HV0.2, which is the same as that of base
metal. The microhardness in the thickness direction of
Filler-1 and Filler-2 has a clear downward trend. The
microhardness of Filler-3 weld is the highest, and the
uniformity of microhardness is good without large fluc-
tuations.

(3) The UTS values of joints of three fillers are 938, 844
and 938 MPa, respectively. The UTS values of the
welded joint specimens with Filler-1 and Filler-3 can be
equivalent to that of base metal. Fracture position of Fil-
ler-3 is in WM.

(4) The mean value of impact toughness of Filler-1 joints,
Filler-2 joints and Filler-3 joints is 51, 68 and 41 J,
respectively, which are higher than that of base metal.
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