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In this paper, we investigated the possibility of complex geometric shapes thin-walled samples, as 

well as bulk specimens fabrication by the Electron beam additive manufacturing (EBAM) method from 
titanium, stainless steel and aluminium alloy. The microstructure of the samples is analyzed. The 
influence of the interval between adjacent layers deposition on a microstructure is described on the 
example of stainless steel. 
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Introduction 

In addition to such advantages as material saving, 
reducing production time, additive technology can 
provide the designer more freedom in choosing the 
shape of the part being manufactured [1, 2]. Direct 
deposition technologies have some limitations, for 
example, do not allow the production of internal 
channels. But this method is much easier and faster to 
thin-walled complex geometric shapes details 
manufacturing. This paper describes the authors 
experience in the complicated thin-walled and bulk 
parts production by the electron beam additive 
manufacturing method.  

Materials, equipment, methodology 

For structure formation during EBAM study, 
experiments with austenitic stainless steel wire of 1.2 
mm in diameter from as a build material were carried 
out. Middle carbon steel plate 7 mm thickness was use 
as a substrate. 

Thin-walled complex geometric shapes details 
were made of pure titanium. The diameter of the wire 
is 1.2 mm. Substrate from the same metal was used. 

The bulk multibead samples were made of Al-Si 
alloy. The substrate is pure aluminum. KL156 
machine (Fig. 1) designed for electron beam welding 
was used as EBAM equipment by modernization. 
Wire feeder was installed on the electron beam gun. 
The wire feed control is output to the operator 
console. 

 In a vacuum chamber with dimensions of 
3000×3000×4500 mm, 30 kW electron-beam gun 

placed. Stepper motors provide the electron beam gun 
to move in 5 axes. The combination of mechanical 
and diffusion pumps allows to maintain  pressure  in  
the  chamber  up  to  5 × 10-3 Pa. 

 
Fig. 1. Electron beam welding machine KL156. 

Table 1 
Process parameters 

Parameter/
material 

Stainless 
steel 

Titanium Silumin 

I, mA 70-60 50-30 15-30 
If, mA 530 700 530 
vw, mm/s 5 3 5 
vg, mm/s 7-12 8-12 7-12 
h, mm 0.5-2 0.5-2 0.5-2 

 
Parameters of the EBAM process of stainless steel, 

titanium and Al-Si alloy are presented in Table 1. The 
process main parameters are: beam current (I, mA), 
focusing current (If, mA), wire feed speed (vw, mm/s), 
gun movement speed (vg, mm/s), the z axis step gun 
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need to move up to for a next layer deposition (h, 
mm). 

During the first layers deposition, higher energy 
costs are required because the substrate has a room 
temperature. Therefore, in the beginning of the 
process the current must be increased and the gun 
speed decrease. Such a regime change leads to the 
height of the deposited layer increase. Therefore, 
parameter must be increased up to 2 mm for the first 
layers. 

Metallographic analysis of the samples were 
carried out on the optical microscope Planar MI-1. For 
the specimens surface etching the Marble reagent was 
used. 

Results 

The aim of the first stage of the research was to 
verify the possibility of thin-walled samples 
fabrication by a continuous and cyclic direct 
deposition. Continuous direct deposition is suitable 
for fabrication of details that have closed loop shape 
like a octahedron (Fig. 2a). Using of cyclic direct 
deposition is necessarily when we manufacture non-
loop shape like a wall (Fig. 2b). 

  

a)     b) 

Fig. 2. Closed loop shape (a) and non-loop (b) samples 
made by EBAM [3]. 

The next step is to qualitatively and quantitatively 
evaluate the possibility of displacement of the layers 
relative to one another in the XY plane during 
deposition. For this purpose, a number of experiments 
with titanium were performed, the scheme of which is 
shown in Fig. 3. The sample in which every layer was 
shift relative to the previous one in the XY plane 
increased with n, 2n, 3n, etc. was made. In this case, 
the direction of the electron beam was always strictly 
vertical and the substrate was parallel to the horizon. 

The experiment showed that it is possible to carry 
out relative displacement of adjacent layers without 
defects forming up to 1/3 of the layer thickness, which 
corresponds to a value of 1.33 mm for a wall 4 mm 
thick. In accordance with these data, we have the 
opportunity to shift any point in the last layer by 66.5 
mm on a thin-walled sample 100 mm high relative to 

its position in the first layer. To confirm this, it was 
decided to fabricate a screw-type specimen with a 
height of 110 mm, a length of 110 mm, a wall 
thickness of 4 mm with 30° angle of rotation. Initially, 
the 3d model of the product was made (Fig. 4a, Fig. 
4b).  

  

a)    b) 

Fig. 3. Closed loop shape (a) and non-loop (b) samples 
made by EBAM [3]. 

  
a)   b) 

 
c) 

Fig. 4. 3D-model of screw-type specimen (a, b) and layers 
displacement scheme (c). 

  
a)   b) 

Fig. 5. The screw-type sample made by EBAM from 
titanium. 
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Then, based on the experimental data, a scheme of the 
layers relative displacement to each other was 
constructed (Fig. 4c). 

After carrying out all the necessary experiments to 
test the regimes, a screw-type specimen was made 
(Fig. 5). 

To obtain bulk details by the EBAM method, it is 
necessary to work out multi-bead samples fabrication. 
For this aim, first of all a two-bead sample were made 
from titanium (Fig. 6b) according to the scheme 
shown in Fig. 6a. 

  

a)   b) 

Fig. 6. Scheme of layers placement (a) and specimen made 
by this scheme by EBAM from titanium (b) 

The multi-bead sample was made of an Al-Si alloy 
(Fig. 7b) according to the scheme shown in Fig. 7a. 
All layers were deposited in one direction. 
Specification of silumin thermal-physical properties 
requires maintaining the workpiece temperature in a 
certain interval during the process. Cause of this is a 
strong increases of Al-Si alloy flow in the high 
temperature. It leads to loss of control of the sample 
geometry as well as the metal porosity increasing. 

  

a)   b) 

Fig. 7. Scheme of layers distribution (a) and specimen 
made by this scheme by EBAM from silumin (b) 

Microstructure analysis 

Fig. 8 a shows a typical microstructure of the 
welded stainless steel material. Such a structure is 
formed in each deposited layer. It is a chaotically 
oriented dendrites of small length (up to 1 mm). 
However, when the next layer deposited, a remelting 
of one or several (depending on the regime) previous 
layers, already crystallized occurs. During the 
recrystallization the metal of the layer acquires a 
characteristic dendritic structure with the heat sink 
orientation of the biger axes (Fig. 8b), because at this 

stage previous layer serves an intermediate link 
between the deposited metal and the substrate. 

Fig. 8b shows the microstructure at the boundary 
of the layers, which were deposited immediately after 
each other (at intervals of about 1 minute) and with a 
long pause between the deposition (about 2 hours) 
(Fig. 8c). 

 

 a) 

b) 

c) 

Fig. 8. Microstructure of stainless steel specimen made by 
EBAM in the top layer (a), on bounder of the layers 

deposited in the 1 minute period (b) and in the 2 hours 
period (c). 

The interval between the layers deposition directly 
affects the temperature that the already crystallized 
part of the produced sample will have during the next 
layer deposition. The temperature difference between 
the melt bath and the solid metal of the sample affects 
the crystallization rate, heat removal and ultimately on 
the microstructure. It can be seen from Fig. 8c that the 
microstructure of adjacent layers is very different: 
Large dendrites about 100 μm wide in the lower layer 
and fine (up to 5 μm) dendrites in the upper layer. 

A sample made by layer-by-layer electron-beam 
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surfacing from pure titanium has a grain structure. The 
grain size gradually increases in the direction of the 
sample growing. Probably, this is due to the number 
of thermal cycles of heating and cooling that each 
deposited layer of metal pass through during layer-by-
layer deposition. Titanium is polymorphic material, 
i.e. can exist in two modifications: a high-temperature 
β-phase with a body-centered cubic lattice and a low-
temperature α-phase that has a hexagonal close-
packed lattice. The temperature of titanium 
polymorphic transformation is 882 °C. Thus, the 
removal of heat from the melting pool during the 
deposition of the next layer provokes recrystallization 
in the metal of several previous layers.  

a) 

 b) 

Fig. 9. Macrostructure (a) and microstructure (b) of 
titanium specimen made by EBAM 

During each recrystallization, the size, shape and 
location of the grains in the metal changes. Therefore, 
the boundaries of the deposited layers are not 
observed on the macrostructure. The microstructure of 
the sample is very heterogeneous for the reasons 
described above. However, sections with an equiaxed 
grain structure were not found. Large grains that are 
visible on macrosections (Fig. 9a) have many 
subgrains of complex angular shape with sizes from 

50 to 300 μm (Fig. 9b). This may indicate the 
presence of an α'-phase in the structure. High rates of 
metal cooling during electron-beam melting allow 
this. 

During each recrystallization, the size, shape and 
location of the grains in the metal changes. Therefore, 
the boundaries of the deposited layers are not 
observed on the macrostructure. The microstructure of 
the sample is very heterogeneous for the reasons 
described above. However, sections with an equiaxed 
grain structure were not found. Large grains that are 
visible on macrosections (Fig. 9a) have many 
subgrains of complex angular shape with sizes from 
50 to 300 μm (Fig. 9b). This may indicate the 
presence of an α'-phase in the structure. High rates of 
metal cooling during electron-beam melting allow 
this. 

Conclusions 

The possibility of complex geometric shapes thin-
walled samples, as well as bulk specimens fabrication 
by the EBAM has been shown. The influence of the 
interval between layers deposition on the 
microstructure of samples made by EBAM is studied. 
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